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DISCLAIMER

This product was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nar any of
their employees, makes any warranty, express or implied, or assumes any legal [iability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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1.0 INTRODUCTION

The Saltstone Production Facility (SPF) immobilizes salt solution by blending it with a dry
material mixture containing of cement and fiyash to form a grout. The grout is pumped to the
Saltstone Disposal Facility (SDF), which are large storage vaults, where it is allowed to harden
into a concrete-iike solid waste form called saiistone. For details see Reference 1.

A new vault, Vault No. 2, will be constructed to store the saltstone. The Vault No. 2 basic
design consists of a cylindrical type vault. The cylindrical vaults will be constructed of pre-cast
concrete panels that will be erected on a poured in place concrete base slab (Ref. 2). The
congcrete vault will be encased in a High Density Polyethylene (HDPE) and Geosynthetic Clay
Liner (GCL) system.

The subsurface conditions in Z-Area were investigated and presented in reports prepared by
WSRC and geotechnical engineering consultants as well as geotechnical engineering
calculations performed by WSRC. In addition, a comprehensive geotechnical investigation
was conducted at the Vault No. 2 project site and the results are summarized in this report.
This investigation consists of performing subsurface explorations to collect site-specific data;
characterizing subsurface conditions based on site-specific data as well as existing data from
the surrounding areas; determining engineering properties required for the design of
foundations and underground facilities; evaluations of bearing capacily and liquefaction
potential; and estimation of settlement due to static load, liquefaction, and compression of soft
zones.

This report is organized into six sections. Section 1 is the introduction, Section 2 describes the
subsurface exploration, Section 3 describes the subsurface conditions, Section 4 discusses
the engineering properties, Section 5 discusses engineering evaluations, and Section 6
provides the summary and conclusions.
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20 SUBSURFACE EXPLORATION

Subsurface exploration was conducted at the Saltstone Vault No. 2 project site using
Piezocone Penetrometer Test (CPTu) soundings, geotechnical boreholes, test-pits, and
laboratory testing. Data from previously conducted subsurface explorations in the surrounding
areas were also evaluated and included in the evaluation as appropriate. Groundwater
monitoring wells in the surrounding area were used to determine the groundwater elevation.

Table 1 summarizes the locations of the subsurface explorations performed at the project site,
including the CPTu's, gectechnical boreholes, and test pits. Figure 1 shows the location of the
project site as well as the locations of the subsurface explorations.

Appendix A provides details of the evaluation and results of the subsurface exploration. A
brief summary is provided in the following sections.

2.1 Piezocone Penetration Test Soundings

Eleven CPTu soundings, including seven seismic soundings (SCPTu), two resistivity
soundings (RCPTu), and two piezocone soundings (CPTu), were performed in accordance
with ASTM D5778. The coordinates, ground elevations, and depths of these CPTu soundings
are provided in Table 1. CPTu logs including the tip resistances, sleeve resistances, friction
ratios, and pore pressures as well as dissipation test results are provided in Appendix C, page
10 through page 22. SCPTu shear wave velocities are provided in Appendix B, page 26 to
page 32.

2.2 Geotechnical Boreholes

Six geotechnical boreholes were drilled at the project site. The Standard Penetration Test
(SPT) was conducted in three of the boreholes and undisturbed (UD} soil samples were
obtained from the other three boreholes. The coordinates, surface elevations, and depths of
these boreholes are shown in Table 1. Geotechnical borehole logs including the SPT N-
values, sample locations, field classifications, and soil descriptions are provided in Appendix A,
page 31 through page 63.

2.21 Standard Penetration Test

SPT testing was performed in boreholes Z-V2-B1, Z-V2-BZ, and Z-V2-B3. The boreholes
utilized for SPT testing were sampled continuously in the upper 20 to 30 feet and at five-foot
centers for the remaining depth of the boreholes. The boreholes were terminated at a depth of
approximately 130 feet.

Tests were performed in accordance with ASTM D1586. SPT N-values were determined by
adding the number of blows required to drive the split-spoon sampler the last 12 inches of the
standard 18-inch drive. The SPT energy measurements were taken on the same equipment
and the average energy transferred was about 76 percent (Appendix A, page 63). SPT biow
counts obtained from the field were converted to appropriate energy levels (Appendix A, p. 4
and Appendix C, p. 6) for evaluations.
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2.2.2 Soil Samples

Undisturbed soil samples were obtained form boreholes Z-V2-B1U, Z-V2-B2U, and Z-V2-B3U
for laboratory testing with direct push Shelby tubes in accordance with ASTM D1587.
Disturbed soil samples were obtained form boreholes Z-V2-B1, Z-V2-B2, and Z-V2-B3 using
split-spoon samplers.

2.3 Test Pits

Two test pits were excavated the project site. The coordinates, ground elevations, and depth
of the test pits are provided in Table 1. Bag samples were collected from the test pits for
laboratory testing.

2.4 Groundwater Monitoring Wells

No groundwater monitoring wells were specifically installed for this investigation. However,
groundwater monitoring wells in the surrounding area were used to determine the groundwater
elevation. The groundwater elevation at the project site is estimated to be 225 ft, MSL. A
seasonal groundwater fluctuation is estimated to be + 5 feet (Appendix C, p. 5).

2.5 Laboratory Tests

Laboratory tests were performed on undisturbed soil samples obtained form boreholes Z-V2-
B1U, Z-V2-B2U, and Z-V2-B3U; disturbed samples collected from borehcle Z-V2-B2; and bag
samples collected from two test pits. Laboratory tests included index tests, strength tests,
consolidation tests, and Proctor tests. The results of the laboratory tests are included in
Appendix A, page 64 through page 127.
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3.0 SUBSURFACE CONDITIONS

3.1 Engineering Stratigraphy

The subsurface conditions were determined based upon the previous and current
investigations, as well as knowledge of the general and specific subsurface conditions in the
General Separations Area (GSA) of the SRS. The GSA includes F-Area, H-Area, S-Area; as
well as Z-Area, where the Saltstone Vault No. 2 will be located.

Subsurface conditions at the project site can be described using two systems of stratigraphic
nomenclature. One system uses the nomenclature developed by Mueser Rutledge Consulting
Engineers (MRCE), and the other system uses the nomenclature developed at the SRS for the
many investigations in the GSA. Table 2 shows the stratigraphy using both systems.

The subsurface conditions at the project site are similar to the general subsurface conditions in
the GSA. The subsurface conditions are depicted on three cross sections. Figure 1 shows the
exploratory map and the locations of the cross sections as well as the notes for cross sections.
Figures 2, 3, and 4 are the cross sections. CPTu soundings, geotechnical boring logs are
provided in Appendix A.

Appendix D defines engineering layers based on CPTu soundings. Table 3 provides the
elevation of each engineering layer at each CPTu location. Table 4 provides the statistics of
CPTu tip resistance, friction ratio, pore pressure, and SCPTu wave velocities for each
engineering layers. Table 5 provides the statistics of SPT N-value for each engineering layers.
Subsurface conditions of each engineering layer are also described in the following sections in
descending order from the ground surface.

3.1.1 Upland Formation (S1)

The Upland formation (S1) generally consists of red-brown and gray medium dense to dense
medium to fine sand of the upper S1 layer, with some clay and occasional interbedding of fine
sandy clay layers. it generally classifies as a SC in the Unified Soil Classification System
(USCS). ,

Shear wave velocity was not measured since the layer is generally too shallow.

3.1.2 Tobacco Road/Dry Branch Formation (Lower 81, §2, S3a, S3b and C2)

Within the GSA of the SRS, it is difficult to ascertain the contact between the Tobacco Road
(TR) and Dry Branch (DB) formations without visually observing the individual samples.
However, for the evaluation that follows, being able to distinguish between the TR and DB is
unimportant. What is critical is the soil type and the associated engineering properties.
Descriptions of the TR and DB follow.

The TR formation (S2 layer) consists of medium dense to very dense yellow-brown to red fine
to medium sand, with a trace of clay or silt. It generally classifies as a SM or SP-SM in the

USCS.

The DB formation consists of the Tan Clay (TC) unit (C2 layer) and layers S3a and S3b. The
C2 consists of medium dense yellow-brown and light green clayey fine sand interlayered with
stiff yellow-brown silty clay. The material C2 classifies as a borderline CH soil in the USCS.
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The DB formation also consists of sands associated with the lower S1, S3a, and S3b layers.
The sands are intermittent and in some cases isolated pockets. However, they generally
extend to the top of the Santee/Tinker formation.

The lower S1, S3a, and S3b layers consist of medium dense to dense light brown to gray fine
to medium sand with some clay and sandy clay layers and pockets. The material generally
classifies as a SC in the USCS. The S3b layer consists of dense to very dense light brown
and yellow-brown fine to medium sand with a trace of clay and silt. The material generally
classifies as a SP, SP-SM, or SP-SC in the USCS.

3.1.3 Santee/Tinker Formation (S4)

The Santee/Tinker (ST) formation (layer S4) extends from the bottom of the TR/DB formation
at to the top of the Warley Hill formation (layer M1). The material consists of dense to very
dense light gray-green calcareous fine to medium sand with some clay and silt and occasional
limestone and shell fragments. The material generally classifies as a SC or SM in the USCS.
The formation is characterized by alternating low and high penetration resistances indicating
thé presence of limestone layers within the calcareous sands.

3.1.4 Warley Hill Formation (M1)

The Warley Hill (WH) formation (M1) consists of a hard dark gray-green clayey silt to a very
dense dark gray fine to medium sand with some clay or silt. The material generally classifies
as a MH in the USCS.

3.2 Groundwater

The groundwater level was based on the results of CPTu dissipation tests at the project site
(Appendix C, Section 2.2) as well as groundwater measurements available at locations of
permanent well installations (Appendix C, Ref. 5). Based on the dissipation tests and the
historical data, the average groundwater elevation in the vicinity of the project site is estimated
at 225 feet, MSL. An estimated seasonal fluctuation is about £ & feet.

33 SoftZones

Across the SRS, the soil from approximately 100 to 250 feet below the ground surface is a
marine deposit laid down during the Middle Eocene epoch, which occurred about 35 to 50
million years ago. At the location of Saltstone Vault No. 2, these sediments occur within the
Lower Dry Branch and Santee/Tinker Formations. Often found within these sediments are
weak zones interspersed in stronger matrix materials. These weak zones, which vary in
thickness and lateral extent, have been termed “soft zones”. These soft zones typically occur
in the carbonate-bearing sediments of the Santee Limestone, the Utley Limestone, and the
Griffins Landing Member of the lower Dry Branch Formation.

The prevailing assumption about the origin of soft zones involves dissolution of carbonate-rich,
clastic sediments, resulting in vugular porosity (open pore space). When drilling into these
zones, the dnll rod meets little resistance and drops. Occasional rod drops have been
described in numerous drilling reports for monitoring wells and geotechnical boreholes located
in the central part of the SRS. Early subsurface investigations performed by the United States
Army Corps of Engineers frequently described these zones as soft zones, or voids, and
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numerous subsequent subsurface investigations have described these same conditions at the
SRS. However, much of the time, recovery of soil in the sampler precludes the zone from
being characierized as a void.

For this project site, soft zones are indicated from SPT N-values less than 5 or CPT tip
resistances (q,) less than 15 tons per square foot (tsf) over a continuous interval of two feet or
greater. Of the boreholes and deep CPTu's performed at the proiect site, a vast majority of the
soft soils found are thin (i.e., less than 2 feet thick), without significant effect to the surface
settlement. However, the soft zone at elevation 170 feet, MSL, encountered in SCPTu Z-V2-
CP15, under the center of the vault in the southern portion of the site, is approximately 14 feet
thick (see Appendix A, Section 3.3). The impact of this soft zone on the surface settlement is
discussed in Appendix F.
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4.0 ENGINEERING PROPERTIES

The engineering properties of the subsurface materials encountered were assessed based on
the results of the field exploration, laboratory testing, theoretical relations, and empirical
formulas.

As presented in Section 2, field exploration included CPTu's and SPT's. CPTu's were
conducted to acquire tip resistance, sleeve friction, shear and compression wave velocities,
electrical resistivity, and pore pressure. SPT's were conducted to acquire blow counts and soil
samples for classification purposes.  Undisturbed soil samples were obtained from
geotechnical boreholes for strength and consolidation tests. Laboratory tests were performed
on selected soil samples obtained from undisturbed sampling, from SPT sampling, and from
test pit sampling. Laboratory tests include sieve analysis, determination of Atterberg Limits,
unit weight, strength tests, and consolidation tests. In addition to the test data from the project
site, previous SRS studies were utilized, where appropriate.

Appendix A provides the details of evaluating data from field exploration and laboratory
testing. In addition, theoretical relation was used to compute Poisson’s ratio (Appendix A,
Section 3.1) and empirical formulas were used to estimate subgrade modulus (Appendix C,
Section 3.4). Engineering properties are summarized in Appendix A, Section 4.0 and
Appendix C, Section 4.0.
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5.0 ENGINEERING EVALUATIONS

Engineering evaluations were performed to determine bearing capacities, liquefaction
potential, and slope stability. Appendix E provides the evaluation of bearing capacity,
Appendix B provides the evaluation of liquefaction potential, and Appendix G provides the
evaluation of slope stability. Engineering evaluations were also performed to estimate the
settlement due to static load, liquefaction and partial liquefaction, as well as the compression
of soft zones. Appendix E estimates the settlement due to static load, Appendix B estimates
the settlement due to liquefaction and partial liquefaction, and Appendix F estimates the
settlement due to the compression of the soft zones. Evaluation methodology and results are
also summarized in the following sections.

5.1 Bearing Capacities

Ultimate bearing capacity q, was computed using site-specific soil strength properties.
Allowable bearing capacity g, was computed using the ultimate bearing divided by an
appropriate factor of safety. Allowable bearing capacity is used for the design of foundations
when the allowable stress design method is chosen.

Design bearing capacity g, was computed based on site-specific soil strength properties with
appropriate strength reduction factors. Design bearing capacity is used for the design of
foundations when the strength method is chosen.

Appendix E provides the details of the computations. Computations are also summarized in
the following sections.

5.1.1 Ultimate Bearing Capacity
Ultimate bearing capacity q, is computed using the equations originated by Terzaghi and later
modified by others:
Qo=Qc+Gq ¥+ Oy
where g, =¢' N. S.:D: G,
dq = qQNgSqDq Gy
g, = Y(B/2) N, 8, Dy G,

g is the overburden or surcharge pressure at the foundation base, yis the soil unit weight, ¢’ is
the effective friction angle, ¢’ is the effective cohesion, and B is the foundation width. N, N,,
and N, are the bearing capacity factors; S., S,, and Sy are the shape factors; D;, Do, and D, are
the depth factors; and G, Gq, and Gy are the inclination factors.

Using the above equations with appropriate factors, the ultimate bearing capacity or ultimate
pressure applied to foundation to cause a bearing failure is 48,000 psf. Appendix E provides
the details of the computations and the references.

51.2 Allowable Bearing Capacity

Consider a factor of safety of 3 to the ultimate bearing capacity, the aliowable bearing capacity
is:
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da = Qo/3 = 16,000 psf

5.1.3 Design Bearing Capacity

The design bearing capacity g4 was computed using the same equations for computing the
ultimate bearing capacity. However, the strength parameters including effective cohesion and
effective friction angle were reduced using appropriate reduction factors (Appendix E, Ref. 7).
The effective cohesion is reduced by applying a factor f; of 0.5:

Creduced = fcC' = 0.5 ¢'.

The effective friction angle is reduced by applying a factor f, of 0.8 to the tangent of the
effective friction angle:

fan (Grequcea) = fy tan ¢ = 0.8 tan 9’
Therefore
Dreduced = tan-1(0.8 tan ¢')

Using a reduced cohesion Creguwed and a reduced friction angle ¢requcess compute the bearing
capadcity factors, shape factors, and depth factors as before, the design bearing capacity is:

Qq = 22,000 psf
The strength reduction factor @ for the bearing capacity can be computed as:
& = g4/, = 0.45

5.2 Static Settiement and Heave

Setflement or heave occur when the overburden changes. At the completion of excavation,
the overburden of the soil was reduced between 900 and 2,400 psf. At the completion of the
operation, a static load of 3,000 psf will be added to the site. After the installation of the
closure cap, additional load of 1,800 to 3,000 psf will be added to the site,

Settiements of each engineering layer under various static loads were computed using
appropriate methods for cohesionless or cohesive soils. Total settlements were obtained by
superimposing the settlements computed for each engineering layer. Appendix E provides the
details of the computations. Computations are also summarized in the following sections.

5.2.1 Settlement of Cohesionless Layers

Settlement of cohesionless layers S1/2, S3, and S4 was computed using Burland and
Burbidge method utilizing the SPT results and Schmertmann’s method utilizing the CPTu
results.

Burland and Burbidge method estimates the immediate settlement p; using the relation
(Appendix E, Ref. 11, p.3-10):

pi = fs fy [(Ap'ave -2/3 Gip) BO.TlC] for Apla"a > dp
pi = s fy AP aele/3 for AP'ye < 0
where f, is the shape factor, [(1.25L/B)/(L/B + 0.25))°
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f; is the layer correctian factor, HfZ:(2 - HIZ;)

AP, is the average effective pressure, Qoae * Goave

Goave IS the average pressure in stratum from foundation load,

Toave IS the effective overburden pressure

o' is the maximum effective past pressure

H is the thickness of the layer

Z, is the depth of influence of loaded area

N.. is the average SPT blow count over depth influence by loaded area, provided in

Appendix A, page 10

lc is the compressibility influence factor, 0.23/N..."* with coefficient of correlation 0.848

The lower bound, upper bound, and average settlement are computed as follows:

Lower bound settiement is computed Using lemin = 0.08/Nae

Upper bound settlement is computed using lemax = 1.34/Noye' '

Average settlement is computed using compressibility influence factor, |., defined

earlier.

Settlement after time t at least 3 years following construction may be estimated by:

pe = tpi
where f;=1+ R, + R log (t/3)

R, and R; are the time—dependent settlement ratios, for t = 30 years

R=03andR.,=0.2

fi=1+0.3+02log (30/3)=1.5

Therefore, primary and secondary settlement is:

pc=1.5 Pi

The lower bound, upper bound, and average settlements were computed using lemin, lomax, and
| as described earlier. For phases after closure cap completed, lower bound settiements were
computed considering a minimum cap thickness of 13 feet while upper bound settlements
were computed considering a maximum cap thickness of 23.5 feet. The average settiement is
the average of four settlements computed using lower and upper bounds as well as minimum

and maximum cap thicknesses. The results are:

Lower Bound Upper Bound Average
Phase Settlement Settlement Settlement
(inches) (inches) {inches)
immediate after operation completed 0.9 53 24
immediate after closure cap completed 1.2 8.3 3.1
30 Years after closure cap completed 1.9 12.4 4.6

10
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Appendix E provides the details of the computation.

Schmertmann method estimates the immediate settlement p; using the equation (Appendix E,
Ref. 11, p.3-6):

pi = C1 G Ap L (AZ I/ Eg)
where C,is the correction to account from strain relief from embedment
C. is the correction for time-dependent increase in setflement and C,= 1 + 0.2 log (1/0.1)
tis time in years, for t = 30 years, C;= 1+ 0.2 log (30/0.1) = 1.5.
Ap is the net applied footing pressure
Az is the depth increment i
1,; is the influence factor of soil layer i
E.i = 2.5 q,is the elastic modulus of soil layer | for axisymmetric footings L/B = 1
where qis the average tip stress of sail layer i in tsf.

For this evaluation, thickness of each saoil layer is 2 feet. Tip stress q, is provided in Appendix
A, pages 20 through 30.

Previous analyses performed in a similar site found that the resuits obtained from
Schmertmann method were approximately 2.3 times the actual measurements (Appendix E,
Ref. 11). Realistic results can be obtained by increasing the elastic modulus Eg, i.e., multiply
E. by an adjustment factor of 2.3. Since the resulting settiement is a linear function of elastic
modulus, in lieu of multiplying the elastic modulus by an adjustment factor, the resulting
settlement was divided by the same adjustment factor. For this evaluation the results were
divided by a conservative factor of 2.

Settlements were computed using data from each of the seven deep SCPTu's. For phases
after closure cap completed, both the minimum cap thickness of 13 feet and the maximum cap
thickness of 23.5 feet were considered. The average seitlement is the average of 14
settiements computed using seven SCPTu's as well as minimum and maximum cap
thicknesses. The results are:

Minimum Maximum Average
Phase Settlement Settlement Settlement
(inches) (inches) (inches)
Immediate after operation completed 0.7 4.1 1.6
Immediate after closure cap completed 1.1 8.5 3.0
30 Years after closure cap completed 1.6 12.8 4.4

Appendix E provides the details of the computation.
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5.2.2 Settlement of Cohesive Layer

Settlement of cohesive Layer C2 was computed using the one-dimensional consolidation

equation {Appendix E, Ref. 11):
Po = Ho Ae/(1 + &)
where H, = initial height of the layer
gp = 1.38, initial void ratio
Ae = change in void ratio
For a normally consolidated soil
Ae = (g log (P! Py)
For an overconsolidated soil

Ae = Crlog (Pi/ Py) + Cc log (Po/Po)

where C; = 0.75 is the virgin compression index

C: = 0.090 is the re-compression index

P, = initial effective overburden pressure

P, = preconsolidation stress

P; = final applied effective pressure

Layer C2 is approximately 15 feet thick and 56 feet below the foundation at the north side and
19 feet thick 41 feet below the foundation at the south side. Settlement was computed using

appropriate compression indexes based on the applied stress.

The average heave is the

average of the heaves considering minimum and maximum depths of excavation. The
average settlement is the average of the settliements considering minimum and maximum cap
thicknesses. The estimated settlements of cohesive layer C2 are:

Minimum Maximum Average
Settlement/ Settiement/ Settlement/
Phase

Heave Heave Heave

(inches) (inches) (inches)
Heave after Excavation -0.2 1.0 -0.6
Immediate after operation completed 1.5 25 2.0 ]
Immediate after closure cap completed 3.7 50 4.3

Note that settlements include the recompressions of heave. Appendix E provides the details

of the computation.
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5.2.3 Settlement Data

In some instances, historical settlement data from similar site under similar conditions may be
available for estimating the settiement. Settlement data is available for the Vitrification
Building located southwest of the project site, less than 4,000 feet away.

Stratigraphy at the Vitrification Building site contains the same types of engineering layers as
the saltstone site. Groundwater at the Vitrification Building site is approximately 30 to 35 feet
below the foundation compared to an average of 43 feet below the foundation at the saltstone
site. Consolidation properties obtained from laboratory tests are very similar (Appendix E Ref.
9). The foundation of the Vitrification Building is 117 feet by 362 feet, the bottom elevation of
the foundation is 270 feet, MSL, and the static building load is between 5,000 to 5,500 psf.
These dimensions and load are comparable to the saltstone facility.

Based on the similarities of the stratigraphy, soil properties, and facility configurations, as well
as the availability of the settiement data. Settlement data from the Vitrification Building was
used to estimate the settlement of the project site.

The total settliement of the Vitrification Building over a 10-year period since excavation is
between 2.148 to 3.510 inches. Since most of the layers are cohesionless, it is assumed that
the settiement is linearly elastic and the subgrade modulus is computed as:

K =p/D

where p is the load and D is the settlement. Using an average pressure of 5,250 psf, the
subgrade modulus can be computed as a minimum value of 10.39 pci and a maximum value of
16.97 pci. For phases after closure cap completed, minimum settlements were computed
considering a minimum cap thickness of 13 feet and a maximum subgrade modulus while
maximum settlements were computed considering a maximum cap thickness of 23.5 feet and
a minimum subgrade modulus. The average heave is the average of four heaves computed
using minimum and maximum subgrade moduli as well as minimum and maximum depths of
excavation. The average settlement is the average of four settlements computed using
minimum and maximum subgrade moduli as well as minimum and maximum cap thicknesses.
The results are:

Minimum Maximum Average
Settlement/ Settlement/ Settlement/
Phase

Heave Heave Heave

(inches) (inches) (inches)
Heave after Excavation 0.4 -1.6 -0.9
10 years after operation completed 1.2 2.0 1.6
10 years after closure cap completed 1.9 4.0 29 ]

Note that settlements inciude the recompression of heave.

the computation.
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5.2.4 Total Settlements and Heave

Based on the settlement computed in the previous sections, the estimated total settlements

and heaves are summarized as follows:

Minimum Maximum Average
Settiement/ Settlement/ Settlement/
Phase
Heave Heave Heave
(inches) (inches) {inches)
Heave after Excavation -1/2 ~-1-1/2 -1
immediate after operation completed 2 7 4
Immediate after closure cap completed 5 13 7
30 Years after closure cap completed 6 18 9

Note that settlements include the recompression of heave. The amount of differential
settlement or heave at various phases is approximately the average settlement or heave given
above.

When one of the vaults is being filled with saltstone and the other vault is left empty,
differential settlement will ocour due to the differential loading. The portion of the empty vault
adjacent to the vault being filled will experience more settlement than the portion opposite the
vault being filled. This type of differential settlement was not considered in the analysis, but
can be eliminated if both vaults are filled simultaneously. However, this type of differential
settlement will be diminished when both vaults are filled.

Due to the large overburden pressure, settlement was predicted with large amount of
deviations. In order to verify the estimated settlement, it is recommended that settlement
monitoring points be installed and settiement be monitored during construction and operation
phases. Settlement data will provide important information for the actual settlement and will be
used to verify and calibrate the predicted settlement as well as for the design of the closure
cap.

5.3 Dynamic Settlement

Dynamic settlement includes the settlement due to liquefaction or partial liquefaction and the
settlement due to the compression of soft zones. To estimate settlement due to liquefaction or
partial liquefaction, the potential for liquefaction needs to be evaluated. To estimate
settlement due to the compression of the soft zones, the compression of soft zone needs to be
evaluated as well as propagation of compression to ground surface.

Appendix B provides the evaluation of liquefaction potential and estimation of settlement due
to liquefaction and partial fiquefaction. Appendix F provides the computations of compression
of the soft zone and estimation of settlement due to the compression of soft zone.
Computations are also summarized in the following sections. ‘
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5.3.1 Liquefaction Potential

A modified version of the simplified procedure (Appendix B, Ref. 8) was used to evaluate the
liquefaction pofential. The modification being use of SRS site specific CRR as described in
Appendix B, pages 5 and 6. This procedure computes the factor of safety:

FS = MSF K; K, CRR;s/CSR
where MSF is the magnitude scaling factor
K is a correction for overburden pressure
K« is a correction for static shear stress
CRR; s is the cyclic resistance ratio for a magnitude 7.5 earthquake
CSR is the calculated cyclic stress ratio generated by the earthquake
Appendix B provides the details of computing CRR, CSR, and FS.

The minimum acceptable safety factor for liquefaction analyses at the SRS has been
established previously at 1.15. Once the safety factor is determined, dynamic settlements are
determined based on the computed factor of safety and SRS site specific strain curves (see
Appendix B, Figure 8).

The liquefaction analyses were performed using shear wave velocity data and SCPTu tip
resistance results. Both the methods were used to determine CRR in conjunction with the
Design Basis Earthquake (DBE) having a peak ground acceleration {(PGA) of 0.21g. The fines
content was estimated based on the SCPTu data and determined from laboratory testing.
Appendix B provides the detailed analyses.

Liquefaction analyses using shear wave velocity and CPTu tip stress suggest that the soils at
the project sife are not susceptibie to significant liquefaction for the 2,500 year earthquake
having a PGA of 0.21g. Appendix B, Figures 9 and 10 show plots of the factor of safety
versus the depth for one of the CPTu locations.

5.3.2 Settlement due to Liquefaction and Partial Liquefaction

Settlements were calculated using the SRS volumetric strain reiationship for each of the seven
SCPTu and for all magnitudes in the USGS seismic hazard for SRS. Appendix B, Figure 8
shows the SRS relationship between the volumetric strain and the factor of safety. Settlement
versus depth for SCPTu location Z-V2-CP15 is aiso computed for several different
magnitudes. Note that SCPTu location Z-V2-CP15 was selected for presentation as it has the
highest calculated settlement of the seven SCPTu for the site for a magnitude 7.5 earthquake
(see Appendix B, Table 7).

Settliements were not calculated using the shear wave safety factors, as the liquefaction and
partial liquefaction strain are functions of CPTu tip stress. In addition the factor of safety
calculated from shear wave velocity is typically higher than that calculated using the CPTu tip
stress method.

Settlement due to liquefaction and partial liquefaction ranges from near zero to nearly 2-1/4
inches depending on SCPTu location and earthquake magnitude (see Appendix B, Table 7).
The magnitude weighted average using the USGS PGA hazard dissagregation is less than an
inch for the 2,500-year earthquake.
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§5.3.3 Compression of Soft Zones

It is assumed that the soft zone is under-consolidated and the full overburden pressure will
eventually be acting on the soft zone after a DBE event. The compression of the soft zone ss
at depth is estimated as:

ss = H[CJ/(1 + &o)] log [(Po + AP)P,]
Where ss is the compression of the soft zone

H is the thickness of the soft zone.

C. is the compression index

&g is the initial void ratio

When the arch above the soft zone is weakened the P, + AP term is equal to the overburden
pressure and the P, term in the denominator is the soft zone preconsolidation pressure. In this
instance the equation becomes:

$s = H{[C/(1 + e.)] log (1/OCR)
where OCR is the over-consolidation ratio of the soft zone.

Using the project site-specific soil properties, the compression of the soft zone is computed to
be approximately 1 inch.

5.3.4 Settlement due to the Compression of Soft Zone

It is conservatively assumed that the compression of the soft zone will be propagated upward
to the ground surface. Calculation was performed to determine the settlement profile at the
ground surface including the settlement, slope, and the curvature of the slope (see Appendix
F). A vertical slice of subsurface with unit thickness perpendicular to the longitudinal direction
of the soft zone was considered. Ground settlement was computed considering the settlement
profile resembles the shape of an error or normal probability curve. For settlement due to
compression of a soft zone with short width, the surface settlement s(x) at any point x is:

s(x) = Rsy. 85 Wiz /W Exp]-x/(21)]
where Rgy is the ratio of the volume of the settlement to the volume lost at-depth
s is the compression of the soft zone computed in the previous section
W7 is the width of the soft zone
i = W/(2m)" is the distance from center of the probability curve to the point of inflection
W is the half width of the normal probability curve and estimated as
W=ztan § + Wgz/2
where z is the soft zone depth
B = tan {(W - Wsz/2)/Z) based on soil type

Surface seftlement due to a wide soft zone was computed by superimposing the surface
settlement profile computed for narrow soft zone many times to simulate the desired width,
For the computation at the saltstone project site, a series of surface settlement profiles for 5-
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foot width soft zones were superimposed to simulate soft zones with sufficient large range of
widths, such that the results can be extrapolated to all possible widths between G to infinite.

The results indicate that due to the compression of soft zone, at the ground surface, the
maximum settlement is 1/2 inch, the maximum differential settlement is 1/2 inch, the maximum
slope is 0.00075 feet/feet, and the maximum curvature of the siope of 0.000035 per foot.
Appendix F provides the detailed calculation.

5.4 Post-Closure Slope Stability

The post-closure geometry at the Saltstone Vault No. 2 is assumed to be similar to the
proposed post-closure geometry at Vault No. 4. However, final design of the closure system
will determine slope geometry. It is anticipate that further slope stability analysis will be
performed during fina! design and that final slopes will be designed to remain stable for the
DBE. Post-closure slope stability evaluation of Vault No. 4 was performed using the Spencer
method. This method was chosen because it satisfies both force and moment equilibrium of a
sliding mass of soil.

Two independent computer software programs, SLOPE/W and PCSTABL, were used to
compute the results. Appendix G provides the details of the analysis.

The post-closure geometry used in the analysis assumes 20 feet of compacted fill will be
placed with side slopes conservatively chosen to be 4 H to 1 V. For the analysis, it is assumed
that the compacted fill will be taken from onsite borrow sources and will be placed and
compacted to SRS standards, i.e., 95% of ASTM D-1557 in lcose lifts not exceeding 12
inches.

Comparisons of subsurface conditions at Vault No. 4 (Appendix G, Figure 1) with those at
Vault No, 2 (Figures 2 through 4) show good correlation between Vault No. 2 and Vault No. 4
sails. The acceptable safety factors were chosen based on past experience at the SRS and
recommendations from the literature. For the siatic and pseudostatic (seismic) cases, the
minimum acceptable safety factor was chosen as 1.5 and 1.0, respectively. These safety
factors are common in the industry, although higher values have been used for the seismic
case.

The minimum required safety factor for static and dynamic conditions is 1.5 and 1.0,
respectively. The results 'in Tables 1 and 2 of Appendix G show that the stability of the
assumed post-closure condition (4 H to 1 V) meets these requirements and is therefore stable
under the conditions and assumptions analyzed. However, final design will dictate final
closure slopes.
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6.0 SUMMARY AND CONCLUSIONS

Extensive geotechnical investigation was performed for the Saltstone Vault No. 2 project.
Geotechnical exploration was conducted at the project site. Site-specific data were collected
utilizing Piezocone Penetrometer Test soundings, geotechnical boreholes, test-pits, and
laboratory tests. Subsurface conditions were characterized and soil properties were
determined using site-specific data as well as existing data from the surrounding areas.
Engineering evaluations were performed on bearing capacities, liquefaction potential, and
slope stability. Settlement due to static load, liquefaction, and compression of soft zones was
estimated.

Bearing capacities for the Saltstone Vault No. 2 are shown in two different formats;

1. For the ultimate design method, the ultimate bearing capacity is 48,000 psf, the strength
reduction factor is 0.45, and the design bearing capacity is 22,000 psf.

2. For the allowable stress design method, the allowable static bearing capacity is 16,000 psf
and the allowable dynamic bearing capacity is 21,000 psf. -

Bearing capacities for both design methods are significantly higher then the expected loadings.
Therefore, the soils will support the foundation with sufficient margin of safety to failure.

To evaluate the adequacy of the facility, in additional to the bearing capacity of the soil,
settlement of the facility should also be considered. There are two types of settlement:

1. Static setilement due to static load.

2. Dynamic settlement including the settlement due to liquefaction or partial liquefaction and
the settlement due to the compression of soft zones.

The following table summarizes settlements at various phases:

Average Dynamic Settlement | Dynamic Settlement
Phase Static Heave due to Liquefaction & due to Soft Zone
or Settlement Partial Liquefaction Compression
(inches) (inches) (inches)
Heave a_fter 1 N/A N/A
Excavation
Immed_iate after 4 N/A N/A
operation completed
Immediate after 7 N/A N/A
closure cap completed |
30 Years after closure 9 N/A N/A
cap completed
Due to DBE event N/A 0to 2-1/4 0to1/2
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Note that settlements include the recompressions of heave. The differential heave or
settlement is estimated as the same as the average static heave or settlement shown above.

The dynamic settiement will only occur after the design basis earthquake, which has a low
probability of occurrence. The project site is not susceptible to significant liquefaction for the
2,500 year earthquake having a PGA of 0.21g. The estimated dynamic settlement due to
liquefaction and partial liquefaction range from about 0 to 2-1/4 inches. This settlement is
expected to be rather uniform and not contribute to differential settlement.

After the design basis earthquake, compression may occur at the soft zones. This
compression will propagate to the ground surface and cause the ground to settle. The
estimated maximum settlement and the estimated maximum differential settlement is 1/2 inch,
the estimated maximum slope is 0.00075, and the estimated maximum curvature of the slope
is 0.000035 per foot.

Both static and pseudo-static slope stability analyses show that assumed post-closure
condition is stable with minimum computed safety factors well in excess of the required safety
factors. In addition, the computed safety factors conservatively account for the soil strength
and the application of the horizontal and vertical DBE seismic loads. However, additional
stability analyses will be done once the final closure system is determined. The analyses
should take into account any geosynthetics and the interface shear resistance between the
geosynthetic materials and the compacted fill. Based on the slopes being considered, it is not
expected that static nor dynamic slope stability will be an issue.

Settlement monitoring points shall be installed on the foundation. Settlement surveying shall
be conducted as soon as the monitoring points are installed. Surveying results shall be
evaluated to verify the estimated settlement.
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Table 1 Subsurface Exploration Locations
Type of CPTuor SRS SRS Grour_md Total
Exploration SCPTu North East Elevation Depth
1.D. (feet) {(feet) (feet MSL) (feet)
SCPTu Z-V2-CP5 77,192 67,008 287.0 114.0
SCPTu Z-V2-CP6 77,293 66,929 283.0 107.0
SCPTu Z-V2-CP7 77,282 67,082 279.4 110.0
SCPTu Z-\V2-CP8 77,360 66,983 278.8 113.0
SCPTu Z-V2-CP9 77,483 67,019 275.3 111.5
SCPTu Z-V2-CP10 77,470 66,880 279.0 103.0
RCPTu Z-V2-CP11 77,191 67,145 283.0 40.0
CPTu Z-\V2-CP12 77,145 66,989 289.7 40.0
CPTu Z2-V2-CP13 77,234 66,895 286.2 40.0
RCPTu Z-V2-CP14 77,381 66,859 280.8 40.0
SCPTu Z-V2-CP15 77,270 67,020 281.7 143.5
SPT Z-V2-B1 77,272 67,024 281.7 132.0
SPT Z-Vz2-B2 77,353 66,983 279.0 132.0
SPT Z-V2-B3 77,422 66,957 278.1 131.5
uD Z-V2-B1U 77,271 67,018 281.9 123.5
up Z-V2-B2U 77,151 66,979 289.7 36.0
ub Z-V2-B3U 77,430 66,953 278.0 29.0
Test Pit TP-1 77,311 66,936 281.5 2.0
Test Pit TP-2 77,266 67,070 280.9 12.0
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Table 2 Stratigraphy at the Project Site
- MRCE
General Description Uscs Strata SRS Strata
Medium dense to dense red-brown clayey fine Upland
sand SC Upper St Formation
Medium dense to very dense fine to medium sand, | SM, SP- s2 Tobacco Road
some silt SM Formation
Medium dense clayey fine sand interlayered with CH c2
stiff silty clay (C2) '
Dry Branch
Medium dense to dense medium sand with some S S';mgg; Formation
clay and sandy clay layers (51, S3a & S3b) ésb ’
Dense to very dense calcareous fine to medium SC. SM sS4 -Bantee/Tinker
sand with some clay and silt ’ Formation
Hard clayey silt to very dense fine to medium sand MH M1 V;larley .Hi"
armation
Table 3 Engineering Layers at SCPTu Locations
Explorato Ground Contact Contact Contact
P 4 Elevation between Layers | between Layers | between Layers
1D (feet MSL) S$1/2 and C2 C2 and S3 S3 and 54
" {ft, MSL) (ft, MSL) {ft, MSL)
Z-V2-CP5 287.0 227 208 176
Z-V2-CP6 281.5 230 212 178
Z-V2-CP7 280.9 223 207 176
Z-\V2-CP8 279.0 224 212 184
Z-V2-CP9 275.3 212 197 166
Z-v2-CP10 279.0 228 213 186
Z-\V2-CP15 281.7 223 208 181
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Table 4 CPTu and SCPTu Data
Sleeve R:sFi)s- Friction P:'De(:seur P S Resis-
Layer Description Friction Ratio Wave | Wave tivity
ash | 2 @) | o | sy | (ps) | (@m)
(tsf) (tsf)

S1 |Average 4.0 108 41 1.3 2,519 2,066
Minimum 0.8 40 0.7 -0.5 2,116 1,019
Maximum 8.0 401 9.4 26.4 3,431 20,280
Standard Deviation 1.5 47 1.8 3.3 2,025
No. of Data Points | 1,340 | 1,340 | 1,340 | 1,340 81 315

S2 |Average 1.4 156 1.0 0.0 2,082 | 1,156 | 2,445
Minimum 0.2 24 0.2 -0.4 1,501 931 [-387,405
Maximum 6.3 490 54 1.1 4,454 1,432 | 278,888
Standard Deviation| 0.7 70 0.5 0.1 28,743
No. of Data Points | 5,157 | 5174 | 5157 | 5174 | 3,604 | 3,355 519

C2 |Average 0.7 75 1.8 2.8 2,388 976
Minimum 0.1 9 0.2 0.6 1,839 714
Maximum 2.7 362 9.1 16.1 3,663 1,307
Standard Deviation| 0.4 82 1.2 4.1

. |No. of Data Points | 1,521 1,521 1,521 1,521 304 1,159

S3 |Average 1.1 136 1.2 1.9 1,063
Minimum 0.1 3 0.1 0.6 671
Maximum 11.9 418 12.5 33.8 1,892
Standard Deviation| 0.9 99 1.0 34
No. of Data Points | 2,926 | 2,926 | 2,926 | 2,926 2,478

S4 |Average 1.6 105 1.5 9.9 1,033
Minimum 0.1 8 0.2 -0.6 556
Maximum 17.3 528 8.7 288.4 1,954
Standard Deviation| 2.5 107 1.3 17.4
No. of Data Points | 1,417 1,455 1,417 1,455 1,144

All {Average 1.6 130 1.6 2.1 2,111 1,081 2,302
No. of Data Points | 12,378 | 12,416 | 12,378 | 12,416 | 3,889 | 8,136 834
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Table 5 SPT Data

Description S1 S2 c2 S3 54
Average 25 25 6 23 N/A
Minimum 17 8 4 5 Weight of rod
Maximum 31 50 8 59 50 in 2 inches
Standard Deviation 6.0 8.9 1.3 14.7 N/A
No. of Data Points 6 35 11 15 16
Average Corrected Nep 31 31 8 30 N/A
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1 Cone penetrometer tip stress abscissa shows the scale of 0 to 200 tsf. Cone penetrometer
friction ratio abscissa shows the scale of 0 to 4 percent. For detailed test result, see
Appendix A, pp. 20, Cone Penetrometer Test Logs.

2 Standard Penetration Test N-values abscissa shows the scale of 0 to 50 blow count. for
detailed test results, see Appendix A, pp. 31, Geotechnical Borehole Logs

Figure 1 Geotechnical exploratory map and notes for cross sections
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1. INTRODUCTION
This calculation provides the evaluation of the geotechnical test data for the project site.
2. INPUT DATA

Input data includes the field exploration and the laboratory test data as described in the
following sections. ’

3.1 Field Exploration

Field exploration includes Piezocone Penetrometer Tests {CPTu), seismic Pigzocone
Penetrometer Tests (SCPTu's}, gectechnicai boreholes, and test pits. Tables 1, 2, and 3 show
the field exploration performed at the project site. Figure 1 shows the geotechnical exploratory
map. Figures 2, 3, and 4 show the subsurface cross sections. Appendix A provides the CPTu
and SCPTu logs (Ref. 1). Appendix B provides the geotechnical Borehole Logs.

3.2 Laboratory Testing

Laboratory tests were performed on samples retrieved from geotechnical boreholes and test
pits. These boreholes and test pits are listed in Tables 2 and 3, respectively. Table 4 shows
the elevations of the engineering layers at these geotechnical boreholes and test pits where the
soil samples were taken.

Table 5 shows the undisturbed soil samples used for the evaluation. Table 6 shows the
disturbed soil samples used for the evaluation. Appendix C provides the laboratory test reports
(Red. 2, 3, and 4). Engineering Layer for each sample was also shown in Tables 5 and 6.
These layers were identified in Reference 5.

3. COMPUTATIONS

3.1 CPTu and SCPTu Data

Statistics of CPTu and SCPTu data, including tip resistances, Sleeve frictions, friction ratios,
pore pressures, compressive wave velocities, shear wave velocities, and sensitivities are show
in Table 7.

Average compression and shear wave velocity for each engineering layer was computed using
the following equation:

Vae=2d,/{Z(d/V)
where d; is the distance between two poinis at Location i where the wave velocity is measured
vV, is the measured wave velocity at Location i
Poisson’s ratio is computed using the following equation:
v= (V2= VA (22 -2V,))
where v is the Poisson’s ratio
V, and V, are the shear and compression wave velocities at each data point.

As shown in Figure 5, some of the Poisson's data points provided unreasonable large
deviations from average. Some of the data points are unreasonably large or unreasonably
small or even negatives. These large deviations were the results of wave velocities consist of
large deviations from their actual values. The deviations of Poisson’s ratio data points will not
be seen explicitly if the averages of the wave velocities were used to compute the Poisson's
ratio rather then compute the Poisson's ratio from wave velocities at each data point then take
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the average of these Passion's ratios. Without introducing any bias judgment, all the wave
velocities, regardless their values, were used. Consequently, Poisson's ratio data points,
regardless the values, from all the wave velocity data points, were used to compute the
averages and if needed, standard deviations and confidence levels,

The average Poisson’s ratios are 0.236 and 0.368, respectively, above and below the
groundwater table. The recommended Poisson's ratios are 0.25 and 0.40, respectively, above
and below the groundwater table.

3.2 SPTData
Table 8 shows the statistics of blow counts for various Engineering Layers. Also shown are
energy-corrected blow counts N, corresponding to 6055 of input energy using:

Neo = (ER/60) Nmeasuren
where Nyeasureo 1S the measured blow counts

ER, the average energy ratio measured was 76% (last sheet of Appendix B).
Average blow count for Layer $4 is not available since some of the locations were advanced
due to the weight of the rod only and other locations met refusal criteria.
3.3 Soft Zone Locations

Soft zones are indicated from SPT N values less than 6 or CPTu {or SCPTu} tip resistances
less than 15 tsf gver an interval of two feet or greater. Table 9 summarizes zones having lip
resistance less than 15 tsf for the CPTu’s (or SCPTu) or N value less than 5 for the SPT’s at
the project site, ragardless of thickness.

The most critical soft zone is 14 feet thick at SCPTu location Z-V2-CP15, found under the
center of one of the vault. This finding is consistent with the SPT results from geotechnical
borehole Z-V2-B1, approximately 3 feet east from SCPTu Z-V2-CP15. No soft zone was found
at similar elevation at three SCPTu's, Z-V2-CP5, Z-V2-CP8, and Z-V2-CP7 under the perimeter
of the vault. Distances trom Z-V2-CP15 10 these three CPTU's are approximately 75 feet.
Based on the limited data, the best estimated lateral extend of the soft zone is 75 feet.

3.4 Laboratory Data
Laboratory test data are evaluated in the following sections.
3.4.1 Grain size Distribution and Atterberg Limits

Results of particle size analyses and Atterberg Limits testing performed on selected samples
are included in Tables 10 and 11, respectively.

3.4.2 Unit Weight and Moisture Contents

Unit weight and moisture contents tests were determined on selected undisturbed soil samples,
some of the results were part of the strength testing. The results are provided in Table 12.

3.4.3 Strength

Strength tests were performed on selected samples. Testresults are summarized in Table 13.
Strength test results are consistent with the results obtained from corresponding engineering
layars elsewhere at the SRS (Ref. 6), except that the total friction angle of Sample No. Z-V2.
B2U-ST1 appears to be an anomaly and is deleted from analyses conservatively. Based on the
test results, p-g and p'-q diagrams were evaluated (Ref. 7).
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3.44 Consolidation

Consolidation tests were performed on selected soll samples. Pre-consolidation pressures
were determined using Casagrande method (Ref. 8). Table 14 summarize the initial pressures,
pre-consolidation pressures, over-consolidation ratios, compression Indexes, re-compression
indexes, and ratio of compression to re-compression indexes. These test results are consistent
with the results obtained from corresponding engineering layers elsewhere at the SRS (Ref. 6).

4. RESULTS AND CONCLUSION

Table 7 provides statistic of CPTu and SCPTu data. Table 8 provides statistics of SPT data.

The recommended Poisson’s ratios are 0.25 and 0.40, respectively, above and below the
groundwater table.

The most critical soft zone is 14 feet thick at CPT under the center of one of the vault. The best
astimated lateral extent of this soft zone is 75 feet.

Tables 10 and 11 provide particle size analyses and Atterberg Limits, respectively.

Table 12 provides the statistics of moisture contents and unit weight. The recommended unit
weight is 120 pcf. :

Table 13 provides effactive and total strength parameters. Note that the total friction angle of
Sample No. Z-V2-B2U-ST1 appears toc ba an anomaly.

Table 14 provides the consolidation parameters including OCR, C,, C,, and C./C,.

5. REFERENCES

1. Subcontract Na. AC39054N, Task 3, Applied Research Associates, Inc., Cone
Penetrometer Data Report, July 2005.
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ASTM D 2435-04, Standard Test Methods for One-Dimensional Consolidation Properties of
Soils Using Incremental Loading.
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Table 1 Piezocone Penetrometer Tests at the Project Site
CPTuor Type of SRS SRS Ground Total
SCPTu CPTuor North East Elevation Depth
L.D. SCPTu {feet) {feet) (feet MSL) (feet)
Z-V2-CP5 Seismic 77,192 67,008 2870 114.0
Z-V2-CPB Seismic 77,293 66,929 283.0 107.0
Z-V2-CP7 Seismic 77,282 67,082 279.4 110.0
Z-V2-CP8 Seismic 77,360 66,983 278.8 113.0
Z-V2-CP9 Seismic 77,483 67,019 275.3 111.5
Z-N2-CP10 Seismic 77,470 66,880 279.0. 103.0
Z-V2-CP11 Resistivity 77,191 67,145 283.0 40.0
Z-V2-CP12 Non-seismic 77,145 66,989 289.7 40.0
2-V2-CP13 | Non-seismic 77,234 66,895 286.2 40.0
Z\V2-CP14 Resistivity 77,381 66,859 280.8 40.0
Z-\2-CP15 Seismic 77,270 67,020 281.7 143.5
Table 2 Geotechnical Boreholes at the Project Site
Borehole Type SRS gRS Grour_\d Total
LD of North East Elevation Depth
Borehole (feet) (feet) (feet MSL) {feet)
Z-v2-B1 SPT 77,272 67,024 281.7 132.0
Z-\V2-82 SPT 77,353 66,983 279.0 132.0
Z2-V2-B3 SPT 77,422 66,957 278.1 131.5
Z-v2-B1U ub 77,271 67,018 281.9 123.5
Z-V2-B2U uD 77,151 66,979 289.7 36.0
Z-V2-B3U ub 77,430 66,953 278.0 29.0
Table 3 Test Pits at the Project Site

Test SRHRS SRS Ground Total

Pit North East Elevation Depth

|.D. (feet) (feet) (ft, MSL) {feet)

TP-1 77311 66,936 281.5 12.0

TP-2 77,266 67,070 280.9 12.0
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Table 4 Engineering Layers at Geotechnical Borehole Locations
Nearest Contact Contact Contact
Exploratory CPTu Eelég:t?:n Batwean Betwaan Between
iD. or (feet MSL) S1/2andC2 | C2and S3 S3 and S4
SCPYu (ft, MSL) (ft, MSL) (ft, MSL)
TP-1 Z-V2-CP6 281.5 < 269.5 - -
TP-2 Z-V2-CP7 280.9 < 268.9 - -
Z-v2-B2 - Z-V2-CP8 279.0 2240 212.0 184.0
2-V2-B1U Z\2-CP15 281.9 223.0 208.0 181.0
Z2-V2-B2U | Z-V2-CP5,12 289.7 < 253.7 - -
Z-V2-B3U |[Z-v2-CPB,9,10] . 278.0 < 247.0 - -
Table 5 Undisturbed Soil Samples
Sample SRS SRS | Ground | Depth | Depth Elev. Elev.
Layer | North East Elev. from to from to
No. (feet) (feet) | (H, msl) | (feet) (feet) | (ft, mst) | (i, msl)
Z-V2-B1U-ST1| Si/2 | 77,271 | 67,018 | 281.9 14.0 16.0 2679 | 265.9
Z-v2-B1U-5T2| S1/2 - - - 29.0 31.0 2529 250.9
Z-Vv2-B1U-ST3{ §1/2 - - - 31.0 33.0 2509 | 2489
Z-y2-B1U-8T4| S1/2 - - - 45.0 47.0 2369 | 2349
Z2-V2-B1U-8T5] C2 - - . 62.0 64.0 2199 | 2179
Z-ve-B1U-ST7| 83 - - - 87.0 89.0 1949 | 1929
2-y2-B1U-PS1 54 - - . 104.25 | 1052 | 177.7 | 1767
Z-v2-B1U-PS3 S4 - - - 122.0 124.0 158.9 157.9
Z-V2-B2U-ST1| 81/2 | 77,1561 | 66,979 | 289.7 6.0 8.0 283.7 | 2817
Z-V2-B2U-5T2{ S1/2 - - - 14.0 16.0 275.7 | 2737
Z-V2-B2U-ST3{| S81/2 - - - 28.0 30.0 261.7 | 259.7
Z-V2-B2U-ST4| S51/2 - - - 34.0 36.0 255.7 253.7
2-V2-B3U-ST1| S1/2 | 77,430 | 68,953 | 278.0 10.0 12.0 268.0 | 266.0
Z2-v2-B3U-ST73| S51/2 - - - 27.0 29.0 249.0 | 2470
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Table 6 Disturbed Soil Samples
Sample Pro- | SRS | SRS |Surface| Depth | Depth | Elev. | Elev.
Layer | posed | North | East | Elev. | from fo from to

No. Fill (feet) | (teel) |(ft, msl)| (feet) | (feet) |(ft, msl)|(ft, msl)
TP-1-Bag 4 S1/2 Yes |77,311]|66,936| 2815 2.0 4.0 2795 | 277.5
TP-1-Bag 6 S1/2 Yes - - - 4.0 6.0 277.5 |1 2755
TP-1-Bag 8 S1/2 | Yes - - - 6.0 8.0 | 2755 | 273.5
TP-1-Bag 10 51/2 Yes - - - 8.0 100 | 2735 | 2715
TP-1-Bag 12 S1/2 | Yes - - - 10.0 12.0 | 271.5 | 269.5
TP-1-Composite]l S1/2 Yes - - - 20 12.0 | 2795 | 269.5
TP-2-Bag 4 S1/2 | Yes |77,266|67,070| 280.9 | 2.0 4.0 | 278.9 { 276.9
TP-2-Bag 6 51/2 Yes - - - 4.0 6.0 | 276.9 | 274.9
TP-2-Bag 8 S1/2 Yes - - - 6.0 8.0 2749 | 2729
TP-2-Bag10 | S1/2 | Yes - - - 8.0 10.0 | 2729 | 2708
TP-2-Bag 12 | S1/2 { Yes - - - 10.0 12.0 | 270.9 | 268.9
TP-2-Composite| S51/2 Yes - - - 2.0 12.0 | 278.9 | 268.9
Z-V2-B2-§82 | 51/2 No |[77,353]|66,982| 279.0 | 12.0 14.0 | 267.0 | 265.0
Z-V2-B2-556 | S51/2 No - - - 20.0 | 22.0 | 259.0 | 257.0
Z-v2-B2-888 | S1/2 No - - - 270 | 29.0 | 252.0 { 250.0
Z-v2-B2-8510 | S1/2 No - - - 350 | 37.0 | 2440 | 2420
Z-V2-B2-3512 | S1/2 }- No - - - 450 | 470 | 234.0 | 2320
Z-V2-B2-8814 | C2 No - - - 55.0 | 57.0 | 224.0 | 2220
2-V2-B2-5515 c2 No - - - 80.0 62.0 | 219.0 | 217.0
2-V2-B2-SS16 c2 No - - - 65.0 67.0 | 2140 | 2120
Z-V2-B2-5817 | 83 No - - - 70.0 | 72.0 | 209.0 | 207.0
Z2-v2-B2-8518 | S3 No - - - 75.0 | 77.0 | 204.0 | 202.0
Z-v2-B2-8519 | S3 No - - - 80.0 | 820 | 199.0 | 197.0
Z-V2-B2-5520 53 No - - 85.0 | 87.0 | 194.0 | 1920
2-V2-B2-5521 53 No - - 80.0 { 920 | 189.0 | 1870
Z-\V2-B2-§522 54 No - - - 95.0 | 97.0 | 184.0 | 182.0
Z-v2-B2-5523 S4 No - - - 100.0 | 102.0 | 179.0 | 177.0
Z-v2-B2.8524 | 54 No - - - 105.0 | 107.0 | 174.0 | 1720

Z-v2B2-S525 | S4 | No . . 110.0 | 112.0 [ 169.0 | 167.0 |
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Table 7 CPTu and SCPTu Data
' Tip - .
Sleeve X Friction | Pore P S Resis-
Layer Description Friction ?:r?::i - Ratio |Pressure| Wave | Wave | tlvity
tsh | sy | @ | usH | o) | dps) | @m)
S1 |Average 4.0 108 4.1 1.3 2,519 2,066
Minimum 0.8 40 0.7 -0.5 2,116 1,018
Maximum 8.0 401 9.4 26.4 3,431 20,280
Standard Deviation| 1.5 47 1.8 3.3 2,025
No. of Data Points | 1,340 1,340 1,340 1,340 81 315
S2 |Average 1.4 156 1.0 Q.0 2,082 1,156 2,445
: Minimum 0.2 24 0.2 -0.4 1,501 931 }-387,405
Maximum 6.3 490 5.4 1.1 4,454 1,432 | 278,888
Standard Deviation | 0.7 70 0.5 0.1 28,743
No. of Data Paints .| 5,157 5174 5,157 5,174 3,504 3,355 519
c2 Average 0.7 75 1.8 2.8 2,388 976
Minimum 0.1 9 0.2 -0.6 1,839 714
Maximum 2.7 362 9.1 16.1 3,663 1,307
Standard Deviation| 0.4 82 1.2 4.1
No. of Data Points 1,521 1,621 1,621 1,521 304 1,159
S3 |Average 1.1 136 1.2 1.9 1,063
Minimum 0.1 3 0.1 -0.6 671
Maximum 11.9 418 12.5 33.8 1,892
Standard Deviation| 0.8 99 1.0 34
No. of Data Points | 2,926 2,926 2,926 2,926 2,478
S4 |Average 1.6 105 1.5 9.9 1,033
Minimum 0.1 8 0.2 -0.6 556
Maximum 17.3 528 8.7 288.4 1,954
Standard Deviation| 2.5 107 1.3 17.4
No. of Data Points | 1,417 1,455 1,417 1,485 1,144
All |Average 1.6 130 1.6 2.1 2,111 1,081 2,302
No. of Data Points | 12,378 | 12,416 | 12,378 | 12,416 | 3,889 8,136 834
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Table 8 SPT Data

Sheet 10

Description 31 52 c2 83 sS4
Average 24.50 say 25]24.57 say 25| 6.45say 6 [(23.33 say 23 N/A
Minimum 17 8 4 5 Weight of rod
Maximum 31 50 8 59 50 in 2 inches
Standard Deviation 6.0 8.9 1.3 14.7 N/A
No. of Data Points 6 35 11 15 16
Average Corrected N 31 31 8 30 N/A

Table 9 Soft Zone Locations
Top Bottom Total Soft Interval
D No. Elevation Elevation I\B‘;g:gil?;g Interval Thickness
(feet MSL) (feet MSL) (feet) (feet)
Z-\f2-CP5 194.8 192.2 6.7 tsf 2.6 2.6
Z-V2-CP6 224.6 2228 13.6 tsf 1.7 0.9
Z-N2-CP7 182.8 181.2 13.8 tst 1.6 1.6
Z-V2-CP38 219.5 218.0 11.9 tsf 1.5 1.5
2-V2-CP8 216.7 2139 13.1 tsf 28 26
Z-\V2-CPg 200.5 200.1 12.3 tsf 0.4 0.4
Z-V2-CP9 198.7 197.9 12.6 tsf 0.8 0.8
Z-V2-CP15 221.3 220.8 13.9 tsf 0.4 04
Z-V2-CP15 202.7 202.2 12.6 tsf 0.5 05
Z-v2-CP15 177.6 163.2 11.1 tsf 14.4 4.0
| z-v2-Bi 179.7 176.7 N/A 3.0 12.510 19.0
Z-ve-B1 176.7 174.7 0-0-1-2 20
Z-V2-B1 174.7 174.2 N/A 0.5
Z2-\e-B1 174.2 187.7 Weight of rod 7.5
Z-v2-B1 167.7 166.7 N/A 1.0
Z-V2-B1 166.7 164.7 0-0-0-0 2.0
Z-V2-B1 164.7 161.7 N/A 3.0
Z2-V2-B1 161.7 159.7 1-3-5-8 2.0
2-V2-B2 177.0 174.0 N/A 3.0 251085
Z-\/2-B2 174.0 172.0 2-0-3-2 20
Z2-va2-B2 172.0 169.0 N/A 3.0
Z-\2-B2 169.0 167.0 0-8-28-50R 2.0
Z-V2-B3 211.1 218.1 N/A 3.0 3.0109.0
Z-\V2-B3 218.1 216.1 2-2-2-2 2.0
Z2-v2-B3 216.1 213.1 N/A 3.0
Z-V2-B3 2131 2111 2-3-4-6 2.0
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Table 10 Distribution of Particle Sizes

Sheet 11

Sample % passing U.S. standard sieve sizes / (opening in mm)

Layer | 3/8 | 4 10 | 20 | 40 | 60 | 100 | 140 | 200

No. (9.50) | (4.75) | (2.00) | (0.85) [(0.425)|(0.250)}(0.150)[(0.106)|(0.075
TP-1-Bag4 | S1/2| - [1000] 989 [91.9 690|468 | - |228] 172
TP-1-Bag6 | S1/2 100.0 [ 99.1 { 91.1 { 75.3 | 66.1 54.2 | 49.4
TP-1-Bag8 | S1/2 100.0| 99.0 | 87.8 | 66.7 | 57.7 36.8 | 30.0
TP-1-Bag10 | S1/2 | - [1000] 9931 91.4 | 760 | 69.8 ] - | 40.0 ] 29.0
TP-1-Bag 12 | S1/2 100.0] 95.4 | 937 [ 803 [ 738 ] - | 462 | 323
TP-2-Bagi S1/2 100.0| 99.8 | 97.4 | 788 | 56.3 | - 345 | 308
TP-2.Bag6 | S1/2 1000] 996 [ 971 | 80.1 [ 59.7-] - | 444 | 41.4
TP2-Bag8 | S12]| - J1000]| 983|858 | 561 ] 447] - 13381312
TP-2-Bag10 | S1/2 | - [100.0] 98.8 [ 85.0 | 63.0 | 536 309 | 25.6
TP-2-Bagt12 | S1/2 ] - [1000] 986 (839 | 596 518 - | 281 (208
Z-v2-82-852 | s12| - 1000|996 [ 913 | 782 | 715 [ 6456 ] - | 319
Z-v2-82-586 | 512 | - [100.0[1000] 990 [ 984 { 975 | 855 | - [ 306
Z-v2-B2-558 | 5172 | - 1000|999 [ 978 [ 876 | 644 | 2014 ] - | 137
Z-V2-B2-5S10 | 8172 | - |1000|100.0] 970 {875 | 520 | 194 [ - | 150
Z-ve-B2-8512 [ 812 | - [1000] 994 | 949 [ 576 | 347 [ 203 | - | 120
Z-V2-B2-§S14 | C2 1000 935 [ 690 [ 607 [ 331 [ 224 | - [ 193
Z-V2-B2-§S15 | C2 100.0] 99.5 [ 90.0 | 704 | 49.0 | 308 | - | 194
Z-V2-B2-8516 | C2 - |100.0] 998 | 989 [ 807 | 334 [ 197 ] - [ 170
Z-V2-B2-§817 | S3 - - [1o0.0l 975 {878 [ 382} 199 - [ 154
Z-V2-B2-8S18 | S3 - - [100.0] 967 [ 70.4 | 23.1 | 91 - 7.0
Z-V2-B2-SS19 | S3 - |100.0] 987 [ 916 | 673 | 41.1 | 133 | - 8.2
Z-v2-B2-5520 | S3 [100.0[ 999 | 97.0 | 763 [ 372 [ 251 [ 176 | - 9.7
ZV2825521 | 53 |[1000[ 998 oo | o544 U818 [s521|347] - | 322
Z-V2-B2-S522 | S4 . [1000] 992 | 9197461563341 ] - | 126
Z-v2-B2-5523 | S4 - - |100.0{ 99.0 | 98.4 | 97.5 | 855 - 30.6
Z-v2-B2-S524 | S4 - |1000[ 993|990 982972916 ] - | 438
Z-V2-B2-5525 | S4 |[100.0] 989 | 93.1 | 80.9 [ 749 1695 | 603 | - | 443
Zvo-B1U-ST1 | si/2 | - [1000] 996 [89.4]71.0 [ 626 ] - | 378] 251
ZV2-B1UST2 | 8172 | - |1000]| 998 [ 957924 [e&17 [ 194 ] - | 139
ZvoBiUST3| s1/2| - [1000] 999|974 765|515 - | 183 [ 176
ZV2BiUSTa| S1/2 | - |1w00[ 999|936 |81.7] 731 [306] - | 183
Z-V2-B1U-ST5 | C2 - - 1000 995 [ 967 ]| 921 [ 625 - | 4086
Z-V2-B1U-ST7 | S8 - |1000] 982 | 75.3 § 405 | 281 | 7.7 - 5.2
Z2-v2-B1U-PS1T| S4 - 1000 974 [ 741 [ 573 | 832 - | 224 | 130
Z-V2-B1U-PS1B| S4 . - |1000| 901859776 {702 - {275 154 |
ZV2-B1U-PS3| S4 |1000] 996 | 964 [ 897 | 785 | 640 | 439 | - |270]
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Table 10 Distribution of Particle Sizes {continue)

Sheet 12

Sample % passing U.S. standard sleve sizes / (opening in mm)
Layer | 3/8 4 10 20 40 60 100 | 140 | 200
No. {9.50) | (4.75) | (2.00) { (0.85) |(0.425)[(0.250)|(0.150){(0.106){{0.075
Z-V2-B2U-ST1 | s1/2 -.{100.0]| 999 | 985 | 81.7 | 51.2 | 43.2 - 40.4
Z2-y2-B2U-8T2 | S1/2 - 100.0| 99.4 | 89.2 | 756 | 68.7 | 59.0 - 39.2
Z-\V2-B2U-ST3 | 51/2 - 100.0| 989 | 815 | 52.7 | 38.8 | 27.5 - 16.2
2-V2-B2U-ST4 | 81/2 - 100.0( 999 | 97.3 | 87.0 | 65.1 | 24.0 - 16.1
Z-V2-B3U-5T1 | S1/2 - 100.0 ) 99.3 | 925 | 80.7 | 6356 - 43,8 | 29.8
Z-V2-B3U-ST3 | §1/2 - 10001 998 1 956 | 75.7 | 38.8 - 7.8 7.2
Table 11 Atterberg Limits and USCS
Sample LL PL Pl
NG. Layer %) (%) (%) USCs
TP-1-Composite 51/2 3s 17 21 SC
TP-2-Composite 81/2 39 20 19 SC
Z-V2-B2-552 S1/2 44 18 26 SC
Z-\2-B2-5815 c2 33 14 19 SC
Z-\2-B2-S516 c2 NP NP NP SM
Z-\2-B2-8821 S3 51 12 39 SC
Z-\2.B2-5525 S4 NP NP NP SM
2Z-V2-B1)-ST1 812 45 23 23 SC
Z-V2-B1U-ST2 S1/2 NP NP NP SP-SM
Z2-vV2-B1U-ST3 S1/2 52 26 26 SC
Z-\V2-B1U-5T4 S1/2 NP NP NP SM
Z-V2-B1U-8T5 822 53 17 36 SC
Z-V2-B1U-8T17 83 NP NP NP SP
Z-V2-B1U-PS1 S4 NP NP NP sM
Z-\2-B1U-PS53 S4 NP NP NP SM
2-V2-B2U-ST1 5172 43 19 24 SC
Z-V2-B2U-5T2 §1/2 42 19 23 SC
Z-\V2-B2U-ST3 812 38 18 20 SC
2-V2-B2U-5T4 S1/2 NP NP NP SM
Z2-v2-B3U-STH1 51/2 44 19 25 SC
Z-V2-B3U-5T3 S51/2 NP NP NP SP-SM
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Table 12 Unil Weights and Water Contents
Dry Unit Moisture Wet Unit
SahT;;.)Ie Layer T:'.Zi t°f Weight contents Weight
{pch) (%) (pcf)
Z-V2-B2-552 S1/2 Moisture - 19.8 -
Z-V2.B2-8815 c2 Moisture - 30.2 -
Z-V2-B2-8516 c2 Moisture - 26.3 -
Z-\V2-B2-§521 S3 Moisture - 33.6 -
2-V2-B2-5525 5S4 Moisture - 61.9 -
Z-V2-81U-5T1 51/2 Unit weight 105.9 13.6 120.3
Z2-V2-B1U-5T2 S1/2 Consolidation 100.1 17.2 117.2
Z-V2-B1U-ST2 S1/2 Consolidation 101.9 16.7 118.
2-V2-B1U-8T3 S1/2 Unit weight 105.6 17.0 123.6
Z2-V2-B1U-5T4 S1/2 Consolidation 102.8 15.4 118.6
Z-N2-B1U-5T4 5172 Consolidation 101.6 17.7 1195
Z-V2-B1U-5T5 c2 Consolidation 69.5 45.3 101.0
Z-V2-B1U-8T5 Cc2 Consolidation 69.2 48.7 102.8
Z-V2.B1U-S5T7 53 Consolidation 105.3 17.7 123.9
Z-v2-B1U-PS1 S4 Triaxial 1 of 2 92.6 32.4 122.5
Z-va-B1U-PS1 S4 Triaxial 2 of 2 87.6 34.9 118.2
Z-V2-B1U-PS1 S4 Consolidation 86.7 35.5 117.4
Z2-\V2-B1U-PS1 54 Consolidation 97.1 25.7 122.1
Z2-v2-B1U-PS3 S4 Consolidation 86.1 32.6 114.2
Z-V2-B2U-ST1 5172 Triaxial 1 of 3 104 .4 20.2 125.5
Z2-V2-B2U-ST1 §1/2 Triaxial 2 of 3 105.8 19.8 126.7
Z-V2-B2U-8T1 S1/2 Triaxial 3 0f 3 111.6 16.1 129.6
Z-V2-B2U-5T2 S1/2 Triaxial 1 of 2 111.3 15.7 128.8
Z-V2-B2U-ST2 Si/2 Triaxial 2 of 2 116.1 14.1 132.5
Z2-V2-B2U-5T3 51/2 Triaxial 10t 3 107.8 16.4 125.5
Z-V2.B2U-ST3 51/2 Triaxial 2 of 3 108.3 14.6 1241
Z-v2.82U)-ST3 S1/2 Triaxial 3 of 3 109.7 14.6 125.7
Z-ve-B2U-5T4 51/2 Triaxial 1 of 3 99.0 17.8 116.6
Z-V2-B2U-ST4 51/2 Triaxial 2 of 3 101.6 19.3 121.2
Z-V2-B2U-5T4 51/2 Triaxial 3 of 3 99.8 19.8 119.6
Z-v2-B3U-5T1 S1/2 Unit weaight 110.9 14.9 127.4
Z-V2-B3U-5T3 S1/2 Unit weight 1041 11.6 116.2
Average S1/2 20 tests 105.7 16.6 123.3
Average C2 4 tests 69.4 37.6 101.9
Average 53 2tests 1053 25.7 123.9
Average sS4 6 tests 80.0 37.2 118.9
Average All 32 tesis 100.1 23.7 120.8
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Table 13 CU/pp Tests
Total Total Effective Effective
Sample Friction Angte | Cohesion | Friction Angle | Cohesion
No. Layer ¢ c o ¢
(degrees) (psf) (degrees) {psf)
Z-V2-B1J-PS1 54 11.0 1,526 26.5 566
Z-V2-B2U-8T1 s1/2 deleted 300 33.4 250
Z-V2-B2U-ST2 St/2 35.0 1,700 30.0 380
Z-\V2-B21J-5T3 s1/2 36.8 250 333 5Q
Z-V2-B2U-ST4 S1/2 26.6 250 32.0 260
Table 14 Consolidation Tests
S‘L";‘_"e Layer (:_;) (:;) OCR C, cC, CJ/C:
2-V2-B11)-572 S1/2 3.6 7.3 2.0 0.071 0.007 9.7
Z2-V2-B1U-ST2a| 8172 a6 3.0 0.8 0.056 0.009 6.6
2-V2-B1U-5T4 51/2 5.5 7.2 1.3 0.101 0.008 12.7
2-V2-B1U-ST4a|l S1/2 5.5 4.5 0.8 0.069 0.008 8.5
Z-V2-B1U-ST5 C2 7.6 8.4 1.1 0.781 (.102 7.6
Z-V2-B1U-ST5a c2 7.6 7.8 1.0 0.725 0.083 8.7
Z-V2-B1U-ST7 S3 10.6 7.2 0.7 0.071 0.012 5.8
Z-V2-B1U-P§1 5S4 12.6 116 0.9 0.196 0.023 8.4
Z-V2-B1U-PS3 S4 14.8 15.9 141 0.361 0.016 23.3
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SRS North Coordinata (feat)

Sheet 15
77.600
) l
12 500 /
A
' R Z-VZ-CP9
lC Z-V2-CP1( C
77,400
. \
Zy2.cPi4
ZV2-CPB &
! Wz.v2-B2
TP-1
77,300 —B D B
A
Z-V2-CP6 2v3ABIU  2.v2.81 A
L - V2~ 2-CP] ._i
-
2iv2-CP15 TP-3
77200 +— ACGPT
A /
& SPT V2-CPS Z-VZ-CP11
¢ 1D /
OTest Pits
12
77.100
66,800 56,900 57,600 67.100 67,200

MNotes for cross sections:

1.

SRS East Coordinate (fest)

Cone penetrometer tip stress abscissa shows the scale of 0 to 200 tsf. Cone penetrometer
friction ratio abscissa shows the scale of 0 to 4 percent. For detailed test result, see
Appendix A, Cone Penetrometer Test Logs.

2. Standard Penetration Test N-values abscissa shows the scale of D 10 50 blow count. for
detailed test results, see Appendix B, Geotechnical Borehole Logs

Figure 1 Geotechnical exploratory map and notes for cross sections
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Elevation (feet, mean sea level)

300

Sheet 17
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200 §
180
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170§
160 £

150

TTTTTITTYTYYTY

-------------

Ground Surface

=== = Proposed Excavation

———pProposed Tanks

— — — Enginaering Layer
— - - — Ground Water Table
Tip Resistence
Friction Ratio
—O—SPTBlow Count

.............

-------------

.............

140 ; | D DisturbedSample | o WL |l
3 ® Undisturbed Sample e
E | == =3Soft Zons
130 o e . ' A : A + A i o : A 4+ ; A
66,850 66,900 66,950 67,000 67.050 67,100 67,150

SRS East Coordinate (feet)

Figure 3 Geotechnicat cross section B-B

(see notes in Figure 1)
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Elevation {feet, mean sea level}
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Figure 4 Geotechnical cross section C-C

(see notes in Figure 1)
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Elevation, ft, MSL

Sheet 19
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[ +  Poisson's ratio computed from wave velocities
[ | — *Ground Water
b | e—Average Poisson’'s Ratio
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-0.2 -0.1 0.0 G.1 0.2 0.3 04 05

Poisson's Ratio

Figure 5 Poisson’s ratio
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Appendix A Cone Penetrometer Test Logs

Northing: 77192.0

Applied Research Associates, Inc. Date: 12/Apri2005
’ South Royalton, VT 05068 Test ID: ZV2-CP5
\ ’ 802-763-8348 :

cpi@ned.ara.com Easting: 67008.0
WWw.ara.com Elevation: 287.0
Sieeve Stress Tip Stress COR Ratio COR Pore Pressure
10 (tsf) 0 (sf) 600 o (%) 6 o {tsfy 10
300 TT o T T T T B T T T 1 1 T ™ T 300
270 - — 270
240 |- - 240
- 122k
c
o
2 180 |- J 18
3 : 126 1. °
>
3 | 4 i B A | ]
i
150 |- -+ - — - — - 150
L 4[. - = - o
4 J 5 4 4
120 |- —+ - — - = 120
5 1 ] 5 ] J
90 + -+ — T— = ’— - 90
60 U R W T ) 1 1 L 1 L L H 1 4 i 11 1 Ll r : i1 60

Maximum dapth:. 114.03 (ft)

Trcil sarepy
o NTAELI Lear
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' Appendix A Cone Penetrometer Test Logs

' Applied Research Assaciales, Inc. Date: 17/May/2005
South Royalton, VT 05068 Test ID: ZV2-CP6
802-763-8348 Northing: 77293.0
\ ’ cpl@ned.ara.com Easting: 66929.0
WWw.ara.com Elevation: 283.0
Sleeve Slress Tip Stress COR Ratio COR Pore Pressure
10 (tsf) o {ts!) 600 0 (%) 6 0 (tsfy 10
300 rTrrrr1r vy T L) T T T 1 T T T L} T 11T ¢t T T FTT 300
270 |- = - 270
240 = — 240
2107 =T - - = 3 210
g _ 1 . & N 3 |
LI . Z —
§ 180 L - /78 - | —| 180
a
2 i 1 i 5 ] i _
150 |- -1 - - — — - 150
L N u { s r -
120 - -+ . = - - - 120
o0 |- -+ - = - — — 96

60|l||jll]l i : 1 X 1 I S S R | Ll L) go

Maximum death: 107.05 {h)

Tau s sorgve
Ve PV g g or
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Appendix A Cone Penetrometer Test Logs
Applied Research Associates, Inc. Date: 16/May/2005
South Royalion, VT-05068 Test ID: ZV2-CP7
802-763-8348 Northing: 77282.0
\ ’ epl@ned.ara.com £asting: 67082.0
Www,ara.com Elevation: 279.4
Sleava Stress Tip Stress COR Ratio COR Pore Pressure
0 (tsf) 0 (isf) 600 o (%) 6 0 {tsf) 10
Trrirrrrr T T T T T 1] T T LI L L 300
. e -4 - -1
- = - 2 - 270
— — - - — 240
i i b2 ] b
N 1207 — ; 210
] -
N A 4 L 4
- 7 /26 %_ 180
- -1 ~ — — - - 150
— -+ — - - - — 120
i 1 1 N s -
- —+ - — -] — -l g0
Y O W T I 1 1 =L L Fl 'l 1 N P U N 60

60

Maximum dapth: 109.63 (1)

IO A3 ses
T BSoamrcecr
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Elevation (fi)
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Appendix A Cone Penetrometer Test Logs

Sheet 23

YV

Applied Research Associales, Inc,

South Royalton, VT 05068

802-763-8348
cpt@ned.ara.com
WWw.ara.com

Date: 16/May/2005
Test ID: Zv2-CP8

Marthing: 77359.9
Easling: 66983.0
Elevation: 278.8

Sleeve Stress Tip Stress COR Ratio COR Pore Pressure
o (tsf} o {tsf) 600 o] {%) [ o] {tsf) 10
T Trrrrrr T T ™ T T Tt TY 300
— — - 270
— — 240
224
g‘g 212
= i_ - 210
L84

-

TR W T I W I 3

—_

L 1 L

Maximum depth: 113 33 {fty

R T S R |

NI I T O N}

180

150

120

90

60

TUB 2vlcen
b= SNRYOLOVC (i
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Elevation (ft)

Sheet 24
Appendix A Cone Penetromeler Test Logs
Applied Research Associates, Inc. Date: 11/May/2005
South Royalton, VT 05068 Test {D: ZV2-CP9
802-763-8348 Northing: 77483.0
\ ’ cpt@ned.ara com Easling: 67019.0
www.ara.cam Elevation: 2753
Sleeve Stress Tip Stress COR Ratio COR Pore Pressure
10 (sf) © {tsf) 600 0 (%) & o (tsh 10
300 T T T T T LI B e T+ 300
270 - 270
240 - - 240
[ | 2¢z
210F -] 210
- 1:+97
180 | - — 180
: : 1266
150 |- — - - N | 150
i B - N i
[ [ | [ ] I
120 |- —+ - — . = 120
90 + - B . - 90
60 L T T T Sy | 1 s - 1 L1l ! IIII!I]IIBO

Mairum depih. 111,36 (h)

110 gyrers

dda Tit¥Osgi e
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Elavation (ft)
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Sheet 25
Appendix A Cone Penetrometer Test Logs
Applied Research Associates, Inc. Date: 13/May/2005
South Royalton, VT 05068 Test iD: ZV2-CP10
802-763-8348 Northing: 77470.0
\ ’ cpt@ned.ara.com Easting: 66880.0
WWW.ara.com Elevation: 279.0
" Sleeve Stress Tip Stress COR Ratio COR Pore Pressure
0 (tsf) 0 (1sf) 600 0 (%) [+ (o} (tsh) 10
Trryr7rrri171 T T T T T T TIrrtr1vrrrr 300
- - 270
. i -
- a . 240
- == 12 23
I % ) 213
] 210

180

150

120

a0

60

:

N I

17861

Maximum depih: 103.07

18}
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FEN N A B B )

150

120

90

80
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Sheet 26
Appendix A Cone Penetrometer Test Logs
Applied Resecarch Associates, Inc. Date: 18/May/2005
South Royatton, VT 05068 Test 1D: Zv2-CP11
802-763-8348 Northing: 77191.0
\’ cpt@ned.ara.com Easting: 67145.0
www.ara.com Elevation: 283.0
Sleeve Stress Tip Stress COR Ratic COR Porea Pressure
o (sh o {18ty 00 0 (V) 6 0 {tsfy 10
S p—mr - 300
-~ —- — — — - - 280
1 "3
{ =
- - - - - 260
I 1 | L J
= - -~ — = - — za0
- —+ — — — - - 220
- -4 ~ — — - — 200
- —+- - — — — — 180
. i i . J L -
= —+ - — - L~ - 180
P g iirie s L L PR Y W W T IS B RN IO A | 140

Marimum death . 40.30 {ft}

Tmtad vrcenn
P 21O
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Appendix A Cone Penetrometer Test Logs

Sheet 27

Applied Research Associates, Inc.
’ \ South Royalton, VT 05068
802-763-8348
\ ’ cpi@ned.ara.com

www.ara.com

Date: 12/Aprf2005
Test ID: Zv2-CP12

Northing: 77145.0
Easling: 66889.0
Elevation: 289.7

Sleave Stress Tip Stress COR
0 (tsf) Q {isf)

T T T T T T T T T

[ I A SR | 1 P I 1 [l

Maximum deplh: 40.18 (ft)

Ratio COR

(%) G o]

Pore Pressure
{tsf)

10

T T
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-~ 270

—1 240

— 180
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— 120
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- g0
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Appendix A Cone Penetrometer Test Logs

Applied Research Associates, Inc. Date: 12/Apr/2005
South Royalton, VT 05068 Test ID: ZV2-CP13
802-763-3348 Northing: 77324.0
\’ cpt@ned.ara.com Easting: 66895.0
www.ara.com Elevation: 286.2
Sleeve Stress Tip Slress COR Ratio COR Pore Pressure
10 (tsf) 0 (1sf) 600 o] (%) 6 0 {tsf) 10
300 lllll rrrr T T T T L T T T T LR L 300
e | F
270 1~ - = - 270
240 |- —+ - — 3 — — 246
210 |- -+ — - - - — 210
[»4
-% 180 e - | — ) _1 - - 180
& i 1 ] i ] i
i
150 - - — — - — 150
120 [~ —=- : — — — - - 120
90 [~ -1 — — - = - so
60 LT D N N T A L i 1 1 1 L A 1 L L I N T S . | 60

Maxlmum depth: 40.07 (it)

Tml b1 £v2.cRy
' T12ADeoag Lo
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Appendix A Cone Penetrometer Test Logs
Applied Research Associates, Inc. Date: 18/May/2005
South Royallon, VT 05068 Test ID: ZV2-CP14
802-763-8348 Northing: 77381.0
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» A4 - [ — 270
- - - = —{ 2a0
[~ -+ - — — = =210
= — - = - — — 180
= - . - . = {150
— -t — — — - - 120
= e - — — = -{ 90
I I U T T N 1 A 1 1 1 4 1 L H 1] L4 b 0111 60
Maximum depth: 40.02 (i}
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Appendix A Cone Penetrometer Test Logs
Applied Research Associates, Inc. Date: 16May/2005
South Royalton, VT 05068 Test ID: ZV2-CP15
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- - o
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I 1223 | ]
210 }- ﬁ:, - 208 g 210
180 F % LB =1 180
| i i -
150 - — - = -1 150
—_———
120 |- -+ — B - — - 120
90 |- -~ - - = - 190
60 § W T T S T T Y | L L 1 1 L 1 1 'l d 0 Ll P ED

Maximum depth: 143.58 (h)
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BIEVE PERCENT . | SPEC.' PASS? ol cription
SRZE FINER PERCENT | {(X=NO) Purple Clayey Sand
4 100.0
#10 98.0
@ | g |
. Lim
#50 7.7 =
¥14D %8 PL= = Pl
#200 30,0 ’ i
. Dgg= 0.769 = 0.288 Dgp= 0.177
Dag= 0.0750 Di5= Dqp=
USCs= m%ﬂrm A-2-40)
. Bomarckg
Tested by: HY _R:vtewedby:J‘W
¥ (no specification grovided; . "
Sample No.: Bag Sourca of Sampla: TP-1 Date:  5/12/05
Location: TP-! Elov/Dgpth: BFt
G T t- Clisnt: Westinghouse Savannah River Company
eo es lng Project: Saltstone Vault #2 Bulk Samples
I Task Order Number i3 Confract No, ABS018EN
Express InC. | egecno_omxcom Figurs
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#200 2.0 Coefficlents
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D%ﬂ 0.0782 D?g: 0?8:
Cy= C=
uscs= e %HT& A-2-4(0)
Bomarks
Tested by; U Reviewed by: JW
" (o specification provided)
Sample No.: Bag Source of Sample: TP-1 Date: 5/12/D5
Locetion: TP-i Etav/Depth: 10Ft
G T t' Clionl: Westinghousc Savannah River Company
eo es lng Project: Seltstone Vault #2 Bulk Samples
Tusk Order Number 13 Contract No. AB8D1SEN
Express Inc. Projoct No: _GTX G082l Figurs
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I o
#140 462 L= ® P
#200 323 N
g = g.sg& Dﬁ%ﬁ: 0.159 850'—' 0.116
30= 0. 15~ 107
&= Ce®
Clpsaification
USCS= AASHTO= A.2-4(0)
Remarks
Tested by: HJ  Reviewed by: JTW
{0 specificetion provided)
Sample No.: Beg Source of Sampla: TP-1 Date: 5/12/05
Location: TP-1 . Elov/Oepth: 12FR.
G T t- Cllent: Westinghouse Savannah River Company
eo es lng Project: Salistone Vaalt #2 Bulk Samples
Tosk Order Number 13 Contract No. ABS0188N
Expr ess Inc. Project No: GTX Gg821 Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
. g F s s - 2 8
00 2 3 g7 sz e -3, H 3 g §31 8 : : .
i I bt it o~ Hobeg | : 1 o
] ] ol i i | TR {
@O ¥ U 4 T T T [} T T
1 | S | I v
i 1 1 [} I 1 f \l [} 1 ink 1
8 1 [ i [0 f ] T
! i t (| [ ! | i I\ | L Y ]
70 : 1 1 Ly | 1t : !
X ' 1 R ! ) 1 \ o gD I
: I I i [ 1P | ) x| 0 Ao :
80 t ; gt ; : Tttt T
1 | (I i | ] ! o
1 ] | i | R qlh
50 Y 1 T I [ T T T T
i ; 1 {1 th ) I \ i
aol—4— ! (o L | ) | i
I T I [N EAYI
I 11 I H { | gl B ;
30 1 f i — | i i Ao § ne = —
! i e oy | | e o g ""7-'?—&.._‘?_;_ L
) ] e I { | O T T TP
20 T 17 3 ¥ T ¢ T P
; t | fjrpor I i (| O B K ‘
| I AR 1 I oje) o gl
1o 1 I HINEER] ] | 1 [ [ ' I
1 h I | | Hoprbor ot b .
o : R (T ] oo b : . )
500 100 1 X 0.0 0.001
GRAIN 8IZE - mm
% GOBBLES | % GRAVEL % SAND % SILT % CLAY
0.0 | 0.0 69.2 7.0 238
SIEVE T PERCENT | SPEC” | PASS? Soll Descriptlon
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@ | L
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' Coofficlonts
: Dygs= 0.511 Dgn= 0.274 D5o= 0.210
Dzg= 0.0673 Dis= Dyg=
Cu= Cc=
c
uscs= ﬁSﬁTCF A-2-4(0)
Remarks
Tested by: HI  Reviewed by: TW
" (o0 specification provided)
Sampia No.: Bag Source of Sample: TP-2 Date: 512/05
Location: TP-2 ElovJ/Depth: 4 Ft.
G T t' Client: Wcstinghouse Szvannah River Company
eo es Ing Project: Sahstone Venlt #2 Bulk Samples
l Task Order Number 13 Contract No. ABS018EN
Exp ress nc- Projact No:  GTX (G0821 Figure
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Dgg= 0.496 %5 0152 Dsg= 0.168
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= €c=
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uscs= . AA A4(0)
. Remarks
Tested by: HI  Reviewed by: JW
¥ (no specification provided} .
Sample No.: Bag Source of Sample: TFP-2 Date: 5/12/05
Location: TP-2 Elev/Dapth: 6 F.
G T t- Client: Westinghouse Savannah River Company
eo es Ing Project: Saltstons Vault #2 Bulk Samples
I ‘Task Order Number 13 Contract No. ABS0O18EN
Express Inc. Projsct No: GTX GO&21 Figurs
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#133 g%g PL: Pl
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. Bemarks
Tested by: I Reviewed by: TW
" (vo specification provided)
Sample No.. Bag Seurce of Sample: TP-2 Date: 512405
tocation: TP-2 Elov./Depth: 8FL
G T t- Clant: Wmnghme' Sar h River C PATEY
eO eS ’ng Profect: Saltstone Veult #2 Bulk Samples
Task Order Number 13 Contract No. ABS0188N
Express Inc- Projoct No: _GTX G032] Figure
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Bemarka
Tested by: HI  Reviewed by: TW
" {no specification provided)
Sampie No.: Bag Source of Sampls: TP.2 Date: 5/12/05
Location: TP-2 Elay/Depth: 10F.
G T t- Client: Westinghouse Savannah River Company
eoiesting Project: Sultstone Vault #2 Bulk Samples
Task Order Number 13 Contract No. AB801 88N
Expr ess Inc. Project No; _GTX G082] Figure




K-CLC-Z-00008, Rev. 0

Sheet 73

Appendix C Laboratory Test Reports

Particle Size Distribution Report ASTM D422/ASTM D1440
%
: 228353 %3 g geg § 2§
1% ! i i [ . ] | o d o Ll
1 t t () 10 b i ol ry e i
% T —H T 71 E
i I HIRTER I 120 I :
! | NI ) W gl
& 1 i T [ ] i [ 01 vl
| t L | ( | } 1 oL
70 ! ( (I I r ;
' ) o i I 1RERN ' |
' | JETI I ) I d oot o
E 60 / b f—t— + + e Il 1
a_z_ 1 I (I H | b 1\- o lE
- 1 ! Lo o ] | IV
Z 50 T 7 i T i TN T
g ! h P choap | I e \| 44 i
& ; | L h sl A i L RN
o e ' I (I | t l | ! it
f i T T | I 1 I L A
10 il 1 ' Y " ! L . [ CANi]
] I ek | | i NI |
! I (T I | oyt r| | :
E ] i T T T i T T " —
I i | Ik ! {4 ip S ppm e L O
. Cole e r R Pty
v 1 ] N N ] I ER BRI
] | U I | [t !l 1
oLl 1 f T - | ! T i
500 00 14 (K a6t B.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT W% CLAY
49 0.0 79.2 58 15.0
SIEVE PERCGENT SPEG.* PASS? $oil Dascription
SIZE FINER PERCENT | (X=NO) Purple Clayey Sand
#d 100.0
#10 98.6
420 2319
@ | &
#140 281 PLe L= Pi=
#200 203
Dgr= 0.88] = 0.432 Dgn= 0.228
D3g= 0114  Dye= 0.0050 oio=
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- (m .5 - .’ n
Sample No.: Bag Source of Sample: TP-2 Date:  5/12/05
Locetion: TP-2 Elev./Depth: {2F:
- Client: Westinghouse Savannah River Company
GEOTEStlng Project: Saltstone Vault #2 Bulk Samples
. Task Order Number 13 Contrect No. ABROLEEN
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Particle Size Distribution Report ASTM D422/ASTM D1140
£
. & & 5
3 ifffsg__rx p E8g g B8
100 i AR BTN ! \| n'.-[||i| ! !'HI
] it e t b v Al i
80 T L T 3 T | I§
l i AN r'll |: |\ | T i [ '
' - (I L i I i ) ! 1 [
&0 I TN HESEH [ i [ '
) NEE R | ! l N \ \
70 1 T3 (1 O O g [ Lt 1 -
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i IR RN 3 ! 1] 'a w Ju i
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- 1 it (R I ! \ | N 1 ’ ! SR I
g5 T T T . T T ; ;
. f i ! .
% ! I e i M ; UaN ) \ ] i i | |
\ | e v ! i s mll] - !
a ¥ 1 | IR I i b =T | i
‘ i JREIR T U TR \ ) -
a0 A I \ ) 1 'r ! - 1 ] : — : T | !
| g [ T | 1 | | \ \
! I 1)t h bl [+ | Py #j'\ ! i i
zo T ] LI} TP I_I T ¥ ] H LU i
| R TE h | | '. St '{:" i
b o e W IR BTl i ',T- ™~
e I | RN ' 1[ L] i [ ]
I : | | : ',I Iy ) 1 L
ol | 1 ERY | I I i 1 [ it HE| i
500 00 10 0.1 6.01 0.001
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND o, SILT { % CLAY
0.0 0.0 748 9.3 158
SIEVE PERCENT SPEC.’ PASS? Soil on
SIZE FINER PERGENT | (X=NO} Reddish Brown Clayey sand
375 100.0
e 100.0
#10 99.6
;ﬁg g?s Ait_gErbarg Limits Pl
#ng g%g PL= 23 = 48 = 23
- Coefficients
#200 251 Dgg= 0.715 50~ 0.220 Ogp= 0.150
Dag= 0.086% D15 0.0030 Dyo=
cu: Cc=
uscs= sc iR A-2-7(1)
Bemarks
Tested by: HI Reviewed by: TW
" (oo specification provided) .
Sample No,: ST-1 Source of Sampla: ZV2BIU bate: 6/27/05
Locatlon: ZVZBIU Elev./Depth: 60F:.
G T t- Cllent: Westinghouse Savannah River Company
eo es Ing Project: Saliston Vault # 2Performance Assessment
Contract No. AB80I8SN  Task Order No, 17
Express Inc- Project No: GTX (0847 Figura
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Particle Size Distribution Report ASTM D422/ASTM D1140
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[« coBBsLEs % GRAVEL % SAND % SILT %cLay |
| 0.0 0.0 __ 824 2.9 1471
SIEVE PERCENT 8PEC." PASS?T Soil Descrintion
SIZE FINER PERCENT | (X=NO) Red Brown Clayey sand
37540, 100.0
#4 100.0
#10 99.9
ﬁg g‘é; mits
s -5 PL= 26 = 52 Pl= 26
#140 183 anta
#200 17.6 Dgs= 0.540 0.296 D= 0.243
D3g= 0.160 Dq5= 0.0067 Dip=
G Cc®
Classification
UsCs= sC AASHTO= A-2-7(0)
Remarks
Tested by: HI Roviewed by: TW
" (no spesification provided) - :
Sample No.: ST-3 Source of Sample: ZV2BIU Date: 6/27/05
Location: ZV2BIU Elev/Dapth: 31.0F:.
G T t' Client: Westinghouse Savanoah River Company
eo es Ing Project: Saltston Vault # 2ZPerformance Assessment
Contract No. ABBO188N  Task Order No, 17
Express Inc. Project No: GTX GO84T Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
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GRAIN SIZE - mm
% COBHLES | % GRAVEL % SAND % Sit.T % CLAY
0.0 L 0.0 §7.0 12 58
SIEVE PERCENT SPEC." PASS? Soil Desgrintion
SIZE FINER PERCENT | (X=NG) Yellow Brown Silty sand
#4 160.0
#10 97.4
#20 74.1 .
g0 3 goer Limita
. = Pl=
#140 224 Pl= NP = NV = NP
200 13.0 al
Das= 1.25 %ﬂﬂ— A Dsg= 0.218
D3p= 0.129 Di5= 0.0824 - Dqp= 0.0615
C.F 8.21 Co? 0.54
glngslﬂgﬁ!gﬂ
USCS= sM TO= A-2-4(0)
Remarks
Tested by: HI Reveiwed by: TW
¥ (w0 specification provided)
Sample No.: PS-1 Source of Sample: ZBZB1U Date: 6/3/05
Location: ZB2BIU Elav./Depth: 104-104.5 Ft,
G T t- Gllent: Westinghouse Savannsh River Company )
eo0 es Ing Project: Salistone Vanh # 2
I Task Ordet Number 13 Contract Number AB8O18EN
Ex press nCu Project No: GTX GO821 Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
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GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILT % CLAY
0.0 2.0 84.6 go 6.5
SIEVE | PERCENT | SPEC” | PASS? Soit Desgription
SIZE FINER PERCENT (X=NO) Yellow Silty sand
4 100.0
#10 g99.1
#20 85.9
ﬁg ;gg A&rhgm Limita -
#140 215 PL= NP =N = NP
#200 154
Dgs5= 0.79% = 0.195 Dgp= 0.161
Dgg= o112 B?g= 0.0738 D?g= 0.0535
Cy= 3.64 Cc= 1.20
tion
USCS= sM HTO= A-2-4(0)
Tested by: HJ Reveiwed by: JW
% (no specification provided) ...
Sample No.: PS-1 Saurce of Sample: ZBIB1U Date: &/3/05
Location: ZB2B1U EloviDopth:  104.5-106 By,
T t- Client: Westinghouse Savannab River Company
GeO eS Ing Project: Salistone Vault 4 2
Task Order Number 13  Contract Number ABS0183N
Exp ress I nc. Project No:  GTX G082t Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
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GRAIN SI2E - mm
% COBBLES % GRAVEL % SAND % SILT |__sciay ]
0.0 0.0 70.2 10.6 1192 |
SIEVE PERCENT SPEC.” PASS? Soll Dascrigtion
SIZE FINER PERCENT (X=H0) Reddish Brown Clayey sand
375 in, 1900 ’
#4 100.0
#10 99.3
g . -
560 €38 PL= 19 LL= 44 Pl= 25
#140 438 @l
1#200 298 Das= 0.505 Ogp= 0216 Dsp= 0.130
D3p= 00754  Dig= 0.00I5 Dip=
Cu= Ce®
QE%&QH
uscs= sC AASHTO= A-2-7(2)
Remarks
Tested by: HJ Reviewed by: JW
" (o0 specification provided)
Sample No.; S5T-1 Source of Sampla: ZV2BiU Date: 6/26/05
Lacatlon: ZV2BiU Elev./Depth; 100 Ft,
G T t' Cllent: Westinghouse Savannah River Company
90 eS Ing Project: Saliston Vault # 2Performance Assessment
I Contract No. ABBDISSEN  Task Order No, 17
Express nce. Project No: _GTX GOR4T Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
£ . .
£ 2 3% ¢f 5 2 g ¥
s a2 X =3 8 g 3 8
100 T N g . 1 ]
t J ' I ) : i 1o 0 ol ’
! 1 ORI ! | ey e Al
%0 T T T T T L A B A (T E |
[ I ) | I i gyl th
I 1 NI d IR [l i
80 | ‘ nfrh i ' !‘hl 1 b i
1 i { | [ & [ o
70 1 L S ; it L1 X TE! —
1 IR ) M i i , "
o ' [ ooy i 1 i : [ ARl i
W &0 it R : 1 sttt t :
% t i Pyt 1 1 |:’ I \ -1 i, ,
— ! L I T I A i . R ERNHE !
Z o Tl T T T T 1 T T -
O ! N (NI [ I 11 ¥ (I
vl ! H |
I | | h ! Il L] 1 3 i
a ¥ | ) REE iL_l ] i ' NI 5
1 ) A ‘ e O N LR L
30 I L ;J i H ] I H T F. b } T ! bl i !
1 1l PR l I TN (1R8
] H I 1l i || i 1 i1t
2% - | =T T T T 1 T T
! I S | b 1 ' ‘ 1R8]
0 [ g lep ok i [ 1l | LN
1 TEE TR | 0] 1 11w
| H'll t F i Y R ™ :T":"‘-
0 ] b N S | 1 I I Y L Ll
500 100 10 GX] 0.01 5.001
GRAIN SIZE - mm
% COBELES % GRAVEL % SAND | % SILT % CLAY
0.0 0.0 928 i 1.9 53
SIEVE PERCENT SPEC." PASE? Soll Description
SZE FIKER PERCENT | (X=MO) Purple & Tan Brown Poorly graded sand with silt
A75in. 100.0
#4 100.0
#10 a9,
zgg ggg Atterberg Limji
,,'{33 35:2 PL= NP L= NV s Pl= NP
- Coefficionts
#200 7.2 Dgs= 0519 = 0336 Dsg= 0293
Dag= 0216 Dy5= 0.153 Dig= 0.125
Cy= 2.68 Ce= L11
o
USCSs= SP-SM AASHTO= A-3
Remarks
Tested by: HJ Reviewed by; JTW
" (no specification provided)
Sample No.: ST-3 Source of Sample: ZV2BiU Date: 6/26/05
Location: ZV2B3U Elev/Depth: 290 Ft.
G T t- Cllent: Westinghouse Savannah River Company
eO es lng Projact: Saltston Vault # 2Performance Asscssment
Contract No. AB3D138N  Task Order No. 17
Express lnc. Project Na: _GTX GO847 ‘ Figura
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PERCENT FINER

Particle Size Distribution Report ASTM D422/ASTM D1140
g
£ £ 5§ 23 §& e 3 g g
100 » - s o & F __-& i § -3 g I - a
1 b [ I (I | i il [ i p
1 ] I (N I || i I.I | i PooREl
80 i L) u T b T 4 I T T}
: 1 | (I I (R I opry oo oy
' o | I
80 i f W' i [T b
| | (N L [ | [ \ i ) HE | :
70 ! ; I L1 I N1 !
! 1 N i I U !
1 I L i | NV o)
&0 ; ! ot =Pyt
\ 1 ) 11 1\ L] 1l 1 h RN
1 | I 1k [ | IR
® T ] T T 17N T
i | L L ' | | 1 \I T
: | LE 10 1} I | 1 [ WIE| ,
@ i } BRI ) N ‘i ) i
! 1 I I AT (R (3 R [ e b
an i 3 L L a 1 } 1l L ] 1 1 »
| | R | | | | \ 1\,\ 1
ot e s Wb il Loy sl ﬁ'c"—q—-cg H:
20 T il T —I_il LI U Il T T T 1)
i I bl | i il e Sy
. ) ! ML | I | | IRER
e l | N i | e gl
) ) [ [ h [ I A H
Q | i 1 1) l l ] 1 1 inal !
500 00 10 [ - 0.01 0.007
GRAIN SIZE - mm
[ % coeeLes % GRAVEL % SAND % SILT % CLAY |
L 0.0 a2 0.5 59 194
SIEVE PERCENT SPEC* PASST Sall Deserintion
SIZE FINER PERCENT | (X=NO) Brown Clayey sand
A75i0n. 100.0
#4 998
#10 98.6 )
#20 87 Attarbera Uimis
#ﬁ gg% PL= 17 L= 3% Pi= 21
" Coofficlonts
#200 83 Dgs= 0.792 Dgg= 0.274 Ds5o= 0.176
D3p= 0.0781 P15= Dyp=
Cy= Cg=
B
Uscs= 5C ﬂgﬂlm A-2-6(2)
Ramarks
Tested by: JW Reviewed by: HJ
* (o specilication provided)
Sample No.: Bag Source of Sample: TP-1 Date:  $/26/05
Locaticn: TP-1 Campasite Elev./Depth: 2-12 #
G T t- Client: Westinghouse Savannah River Corpany
eO es lng Project: Saltstone Vauk #2 Bulk Samples
Task Order Number 13 Contract No. ABS0188N
Express Inc- Project No:  GTX G082t Figure
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PERCENT FINER

Particle Size Distribution Report ASTM D422/ASTM D1140
=
§ s sfeif2 o : tggop 31
100 . N T
I I d b oo
! 1! | t “ ! [ L
m U i T 1 I It T 1 1
> i | R ] : T T B 11
" . h IR I \ h T
e i | NN i ) !I o 1T
) Py 1 } i1 ]I oo
70 ! LA | 1l I i Il | R |1 U1 '
' beh I | I ! f e r o
' i irh ey i ! i [
80 ¥ 1 % —r =t !1' t H———- T et
J ; ik g oo ' i HI'I\I 1D
i KR | | it W g
50 i U l j T L HER
' U I I I Ii ! \ 118
@ : RN L h | I [T O, VI [ R
K TN I‘ 1 \; I
1 IR I 1 o I
0 1. (N l‘ il 1l 1 | Elt' l : ! A l‘
' RN HHLE IR0
HRE i( [ . ! a‘l | K b Vol "'O_A"‘-::-. o
20 T O qH i i T L t x ]
« F "y || ) i | R
t I i [I | ! | i v g
7o i 7 110 i I 1T 7 T
. i ep I : i [ B T 0 ]
al b y 4 Ll | y i N " g Lo
500 100 1 [X] .01 0001
GRAIN SIZE - mm
*% COHBLES % GRAVEL % SAND % 8ILT % CLAY
0.0 0.0 1. 3.4 20.5
SIEVE PERCENT SPEC.* PASS? Soll Degeription
8IZE FINER PERCENT | (X=NO} Brown Clayey sand
L7540, 100.0
#4 - 1000
#10 93.4
R '
#ﬁg ‘;gg PL= 20 = 39 Pl= 19
#200 28.9 Dgs= 0.838 %“mo- o:mm 050- 0.255
Dag— 0.0825 Deg= Dqo=
Cy= Cc=
"
USCS=. 5C Eﬂ%ﬁl(ﬁ A2-(1)
Bemarks
Tested by: F'W Reviewed by: HJ
(Do specification provided)
Sample No.: Bag Source of Sample; TP-2 Date: 5/26/05
Location; TP-2 Composite Elov.iDepth: 4-12#
G T t ] Cllent: Westinghouse Savannah River Company
eolestling Projact: Salistonc Vault #2 Bulk Samples
E ) I Task Order Number 13 Contract No. ABBD188SN
Xpress inc. Project No: _GTX G082 Figure
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express
GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE
Project No.: GTX G0847 Boring No.: ZV2ZBIU
R Lab No: 13046 ' Depth: 6.0 Ft.
Project Name: Salstone Vault # 2 Perforinance Assessment Sample ID: §T-1
Tested By: HJ Reviewed By: W
Date: 06/17/05 Date: 06/30/05
Total Sample Inside Diameter Moisture Content
Height, Inches of Cut Tube, inches
1 5.57 Tare No. A6
2 5.57 Top 2.846 Tare Weight  16.87  grams
3 5.57 Bottom  2.842 Wet Weight + Tare  111.19  grams
Average 5.57 Avcrage  2.844 Dry Weight + Tare 9993  grams
Moisture Content 13.5 %

'Total Weight of Soil + Tube Section 1117.14 grams
['Weight of Clean, Dry Tube Section 0.00 grams
Wet Weight of Soil 246 ths
Volure of Samnple 0.020 S
RESULT SUMMARY
Moisture Content 13.6 %
Wet Density - 1203 pef
Dry Density 105.9 rcf
Specific Gravity 2.63
Porosity 0.35

Remarks: Task Crder No, 17

Contract No. ABS0183N
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Geolesting

express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX GU847 Boring No.: ZV2B1U

Sheet 110

Lab No: 13047 Depth: 31.0 Ft.
Project Name: Sahscone Vault # 2 Porformance A Sample ID: ST-3
Tested By: HJ Reviewed By: JW
Date: 06/17:/05 Date: 06/30/05
Total Sample Inside Diameter Moisture Content
Height, inches of Cut Tube, inches '
1 4.4] Tare No. A-39
2 441 Top  2.821 Tare Weight 17.22 grams
3 4.41 Bottom 2806 || Wet Weight + Tare  113.10  grams
Average 4,41 Average  2.814 Dry Weight + Tare 99,17  grams
| | Moisture Coment”___ 170 %

Total Weight of Soil + Tube Section 889.50 grams
Weight of Clean, Dry Tube Section 0.0C grams
'Wet Weight of Soil 1.96 ibs
Volume of Sample 0.016 A’
RESULT SUMMARY
Moisture Content 17.0 %
‘Wet Density - 1206 pcf
Dry Density 105.6 pcf
Specific Gravity 1.65
Porosity 036
Remarks: Task Ordet No. 17 - )

Contract No. ABS0188N
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Geolesting

express

GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE

Project No.: GTX GO847
Lab No: 13044
Project Name: saisinc Vault # 2 Performance Assessment
Tested By: HJ
Date: 06/17/05

Boring No.: ZV2B3U
Depth: 10.0 Ft.
Sample ID: ST-1
Reviewed By: JW
Date; 06/30/05

Total Samptle inside Diameter Moisture Content
Height, inches of Cut Tube, inches
1 5.57 Tare No. A-20
2 5.57 Top 2.359 Tare Weight 16.57 grams
3 5.57 Bottom  2.847 || Wet Weight + Tare 118.62  grams
Average 5.57 Average 1853 i Dry Weight + Tare 10539  grams
Moisture Content 4.9 %
{Total Weight of Soil + Tube Section 1191.27 grams
iWcight of Clean, Dry Tube Section 0.00 grams
'Wet Weight of Soil 2,63 1bs
Volume of Sampie 0.021 A’ ,
RESULT SUMMARY
Moisture Content 14.9 %
Wet Density 127.4 pef
Dry Density 110.9 pcf
Specific Gravity 2.65
Poraosity : 033
|
Remarks: Task Order 17 .

Contract No, AB80138N
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express
GTX TECHNICAL PROCEDURE T-03
UNIT WEIGHT OF SAMPLE
Project No.: GTX G0847 Boring No.: ZV2ZB3U
Lab No: 13045 Depth: 29.0 Ft.
Project Name: sat Vaple # 2 Per A Sample ID; ST-3
Tested By: H) Reviewed By: JW
Date: 06/17/05 Date: 06/30/05
Total Sample Inside Diameter Moisture Conteat
Height, inches of Cut Tube, inches
1 5.57 Tare No. A-26
2 5.57 Top 2815 Tare Weight 16.95 gramy
3 5.57 Bottom  2.805 Wet Weight + Tare 11528  grams
Average 5.57 | Average  2.810 Dry Weight + Tare 103.04  grams
Moisture Content 11,6 %
[Tolal Weight of Soil + Tube Section 1053.96 grams
Weight of Clean, Dry Tube Section 0.00 grams
[Wet Weight of Soil 2.32 bs
[Volume of Sample 0.020 i
RESULT SUMMARY
Moisture Content 11.6 %
Wet Denity 116.2 oef
Dry Density 104.1 ro
Specific Gravity 2.63
Porosity e
Remarks: Task Order No. 17

Contract No. ABS0188N
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CONSOUDATED UNDRAINED TRIAXIAL TEST

30_ ‘s_.--...I.LL---...%..J.u..l.I.‘A..J,.,E...L.....i.,...... tL
] Mgx, Shaar '
1]e = 10.6 psi ! [
] %= 140 : 3
: tan ¢ = 0,19 1 t
204 T2 r -
2 ] :
& ] L
'Di-‘ ______ I r
| B
] .fl ! \ ! ]
] .‘rl ; , i li : 1
& e e e |
Y] 10 20 30 40 30 50
p. psi
[ Symbol o & T 1
[Somple No. PS-1 PS-1
Test No. 12981.1 | 129812
Depth 104.5-105105- 105 511 ﬁ
Diometer, in 2.833 2.852 .
Haight, in 5.543 5.545 i
G [Water Content, % 32.4 J4.8
- E (Dry Density, per 92.56 | e753
& Saturation, % 108.0 | 1033
@ void Rotio 0.801 | 0.903
E K Woter Conlent, % 28.8 3.6
o £1{Dry Density, pcf 9417 90.37
g ¥ [Saturations, % 100.0 | 1000
g % Void Ralio 077 0.845 ]
10______.,..__7.._-1—-.-... mBnckPreas,, psi 36 44
| 1 t ) F var. Eff. Cons. Stress, psi 9.02% 16.53
! 1 ! Sheor Strength, psi 14.98 | 16.75
5___-:_—_:‘_'—_:.‘_ - Siraoin at Foilure, % 17 17.1
71 I . i I Strain Rote, %/min a.1 0.
o) —— — —} . B-volue 0.95 0.95
o] 5 10 15 20 ) Meosured Specific Grovity 2.67 2.67
VERTICAL STRAN, X Liquid Limit o -
Plostic Limil -—— -
Project: Saitstone Yoult §2/Tesk13 s B I e B I e B B et
Location: ZB2B1U ! R R [N [ i
Geolesting Pro-iecl No.: GTX GOB21 " : : : I’ : : I'
exprosa Boring No.: ZB2B1U 1 il Fl 1| 1
the groundwork 1 seress | Somplg Type: Shelby Tube —_—
Description: Yellowish Brown Clayey Sand
Remarks: ASTM D4767/CTX-T07. Controct No: ABBO1S8N Task 13

Phose colculations based on slurl ond end of test.

- JUN- 12:02:14 B} .
Thu, 23-JUN-2003 + Soturation is set to 100% for phese coloulotions.
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CONSOLIDATED UNDRAINED TRIAXIAL TEST

B S WS S S S S A B IR S S S B A A AT AT I A S AT AP ST AT A A I A e
E ] . |
3 Mox. Sheor [ : 1 : L
3¢ = 393 pa ! X Y | [
ITe =265 ! ' 7 ) .
{lton ¢" = 050 i ! - | I A
] ) ! -
20 - | L T U
< 1
! {
‘in <4 i L.
a ] [
R “~d ! F
- ~ i F
] : ~ [ [
6 R N e -
] 1 \"-.\ : 3
B v L
] \ \\ [ L
| [
o | " b
1 !‘ I F
0 1 -
LANL LN B R N L B b a e e L DL 7_1—1
] 10 20 36 30 S0 5]
P, psi
Symbal o | a
| Sample No. PS-1 PS-t
’ Tesi Ma. 1298t.1 | 12981.2
. - [Deptn 04.5-105105-105.5%1
PR | - Diameter, in 2.833 2.852
] //:’6_ | Height. in 5.543 | 5545
/ | X ] F _Tg Water Content, % 32.4 34.9
. B - TTT T T T T |E oy oensiy, per 9256 | 87.59
e f f I Scturation, % 108.0 103.3
v 4o
Moo -AL 1 _: SR Voig Rolio 0801 | 0.903
E ; N [ Woter Content, % 288 | 316
- B D
o S | 1 2[0ry Density, pet 94.17 | 20.37
Srsf-or--t-- T~ % ot
1 ! ! o | Saturalions, 2% 100.0 100.0
& A : I : + |2 [void Ratio 0.77 | 0.845
10..}._.,_1__—_:__..,—__—% P Bock Press., psi 36 44
1 ) | i ver. Eff. Cons. Stress, psi 9.029 18.53
! 1 ! Sheor Swrength, psi 1498 | 1675
5""'""_7'_"4_—‘1" i i 17
. X I Slrain ot Foilure, X 171
] ) | ) - . |Strein Rate. %/min 0.1 0.1
o r = r : ji% r B-Volue 0.95 0.85
[+) 3 10 15 20 Mascsured Specific Gravity 2.67 2.67
VERTICAL STRAIN, % Uiquid Livmit — T
Ploatie Limit -— —-—
Project: Sallstona Vault §#2/Taskl3 I 1T 1) 7 ] ;—--—-T‘
tocation: Z82B1U | L [ I ]
. Project No.: GTX GO821 ! H bl Hh !
Gecolesting i 1 i 1 i
axpress Boring No.: 2B28B1U ] il: it R |
e grovndwerk \or krien | Sgmple Type: Shalby Tube —_—
Description: Yellowish Brown Cloysy Sand
Remarks: ASTM D4767/GTX-T07. Controct No: ABSO188N,Task 13

Thu, 23-JUN-2005 1Z:01:45

Phose colculations basecd on stort ond eng of test,
= Soluration is set 1o 100% for phose cokulotions.



Sheat 115

K-CLC-Z-00008, Rev. 0
Appendix C Laboratory Test Reports
Q |
QO RE TRIAXIAL SHEAR TEST REPORT —
(ASTM D 47567 ) -G8 Am
STV e
JOB HAME: Saltstone Vault 8 2, Task 8 CONTRACT AG 80187N , SPEGIFICATION K-5PC-G-00043 REVE
JOB NO.; 24150-4 |REPORT NO. : NA REVIEWED BY : DATE: 6/17/05 |
BORING / PIT NO. : 2ZV2824) {DEPTH/ELEV.: 6'-8' SAMPLE NQ. : ST1 |TYPE: uD
SAMPLE LOCATION : _N/A
SOIL DESCRIPTION : Orange brown clayey sand.
LL, % : 43 [Pi % : 24 | FINES, % : 40 |Gy: 270
SPECIMEN PROPERTIES TEST PARMMETERS, TESTTYPE : CU/PP
INITIAL AFTER CONSOLIDATION | SPECIMEN NO. 1 2 3
|SPECIMEN NO. 1 2 3 1 2 3 |BValue 095 | 095 | 085
DIAMETER,INCHES | D, | 288 | 228 | 289 | D, | 267 | 285 | 246 }BACK PRESSURE, kaf U, | mar [1ar] 101
HEIGHT , INCHES H, | 590]| 58¢4{ 584 | H. | 588 ] 5.1 ]| 580 |comFminG PRESSURE , kst oy | 05 [ 11| 17
WATER CONTENT, ] W_ | 2021 raa | 161§ W, | 22+ | 209 | 175 |max. oEviaTorsTRESS Jot 0,-04] 60 | 88 | 169
ORY DENSITY, PCF | Yore | 1044 ] 105.8] 1115 105.5 | 167.7 ] 113.9 |ULT. DEVIATOR $TRESS .kt bov-03] 60 | 84 | 169
SATURATION % S, | 88| 907 as0o] S, { rov { 100} 100 |Specimen Shape @ =1
VOID RATIO e, | 0615 05%[ 0517 0.596 | 0.565 | 0480 |Failure
CONTROLLED : Stain @ 0.44 % per minute TS0, Minutes = 0.9
A .
WA
SHEAR TOTAL EFFECTIVE
STRENGTH COHESION , C  {ef) .30 |APPARENT COHESION kaf) - 0.25]
PARAMETERS |ANGLE OF INTER. FRICTION, & DEGREES ) : 54.0 |ANGLE OF iNTER. FRICTION, ' ( DEGREES) @ 334
10 — - ; - -
g- . M/Dﬂh /p'-q DIAGRAM - «—- TOTAL STRESSES
8- o et T EFFECTIVE STRESSES
[
g 7- T, wres-- piq STRESS PATHS
o &= \\
g N
g
g G4 '-.
I Y
34 :
é 1
24 H
1. y § .
0 I — — S - ) v o — .
0 1 3 4 5 6 7T B8 9 W11 12 13 14 15 16 17 18 19 20 21 27 23 24 25 26 27 28 29
PRINCIPAL STRESS , KSF
20 + T T =" — —r —r———
18 = == STRAN D ===TREE SPECIMEN 3
@ 16 SPECIMEN 2
e = = = = SPECIMEN 1
g 1 .
Ty
o= -
< © : = == =
z 4 - = —_— =
o 2 i= ; = .E = !
g = 1 1 e e
0 2 4 6 8 wBran 2 12 18 18 20
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QORE TRIAXIAL SHEAR TEST REPORT
{ASTM D 4767) -88 Am
LV N Ao T
JOB NAME: Salistone Vauit # 2, Task 8 CONTRACT A 80157N , SPECIFICATION K-SPC-G-0001IREVE |
JOBNO.: 24150-H |REPOHT NO. : NA REVIEWED BY : DATE: 6/230%
BORING/ PIT NO. : 2Zvep2l |DEPTH /ELEV. ; 14-15' [SAMPLE RO .: ST2 |TYPE: up
SAMPLE LOCATION ;: N/A
SOIL DESCRIPTION : Red brown and gurple clayay sand.
LL, %: 42 [P, %: 23 | FINES, % : 39 _|G,: 2.70
iy
SPECIMEN FPROPERTIES TEST PARAMETERS  TEST TYPE CUmpP
INTIAL AFTER CONSOLIDATION |SPECIMEN NO. 1 2] 3
SPECIMEN NO. 1 2 3 1 2 3 |B Value 095 J 09|
DIAMETER , INCHES | D, | 289 | 288 | - D, | 285 | 287 ] - [|BACK PRESSURE, ket Ug { rat Jios]
MEIGHT INCHES | H, | 590 ] 5831 - { H. [ s8st s80] - Jconrmmo PReSSuRE et | op | 09 | 27 ) -
WATER CONTENT, % Wo | 157 | sar | - W, | ras| 58] - [uAX BEVIATOR STRESS kat |51 03] a5 | 1e0} °
DRY DENBITY, PCF 1913 sver| - | yae| 127 1180] ¢ |ULY. DEVIATORSTRESS . kot |0y-0a] 85 [ 132y -
SATURATION % S, | 8291 ss0 S. | 100 | 100 Specimen Shape @ st
VOID RATIO e, |dasir|oaag| - 0500 0426] - {Failure L J
CONTROLLED : Strain @ 0.15 % per minute 750, Minutes = 2.6
Netg : * fug to imited sample recavery. Only 1wa specimans were tesled &s raquestad by SAS.
Hate Strength paramalers werg estémated as requested by clent based on wo spacimens.
SHEAR TOTAL EFFECTIVE
STRENGTH COHESION, C kst H 1.70 JAPPARENT COHESION kef} 0.38
PARAMETERS |ANGLE OF INTER. FRICTION, & DEGREES )} : 35.0 [ANGLE OF INTER. FRICTION, ¢' { DEGREES) : 36.0
10 - — ——— =
91 . WMOHR /p'q DIAGRAM - -~ TOTAL STRESSES
2 -7 e EFFECTIVE STRESSES
['H - E
g 7 e e e o0 STAESS PATHS
[ .
il ) ~\
g .
N
31 5
& . i
24 \
LI I I‘i| ':
- ! B
0 1 2 3 4 5 6 7 B 9 10 1112 13 14 15 16 17 18 19 20 N 2 23 M B 6 ¥ B X
PRINCIPAL STRESS , XKSF
20 T T == N =
18 i e e e e e e e R D SPEGIMEN 1 E
é 16 SPECIMEN 2 5
g' 14 - = = SPECIMENT E5
12 - =
=
B =
x 8- z T = =
g = g
z ¢ = : =
a =z == ! &
o =it r =
o 2 4 6 a willnan 14 16 3 P
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QORE TRIAXIAL SHEAR TEST REPORT _
) -88 '

tameiaks e iLaw (ASTM D 4767)
YR, 171304 oo
JOB NAME: Saltstone Vault # 2 Task 8 CONTRACT A 80187N , SPECIFICATION K-SPC-G-00013 BEVE
JOB NO.: 24150-H_|REPORT NO. : N/A REVIEWED BY : DATE; _ 8/1/05
BORING / PIT NO. ; ZV2820 |DEPTH / ELEV. : 28'-30" |SAMPLE NO . : ST3[TYPE: vo |
SAMPLE LOCATION : /A L
SOIL DESCRIPTION : Orange brown claysy sand.
LL, % : 38 {p1, 2% - 20 | FINES, % ; 16 |G, : 2.68
SPECIMEN PROPERTIES TEST PARAMETERS , TESTTYPE : CU/PP

NITLAL AFTER CONSOLIDATION|SPECIMEN NO. 1 2 3
SPECIMEN NO. 1 2 3 1 2 3 |B value 095 | 0.95 | D95
DIAMETERLINCHES | D, | 248 | 288 | 289 | D | 287 | 287 | 2.87 |BACK PRESSURE, kst U, | 101 | 1601 100
HEIGHT , INCHES Mo | 679 1 592 1 583 | H. | 572 | 589 | 585 |CONFINING PRESSURE , xsf o, | 17 | 39| 61

WATER CONTENT, %| W_ | 164 | 146 ) 16 | W. | 198 ] 194} 187

ORY DENSITY, PCF 1Y, 0781 108.3 | 109.7 | Yurye } 109.3 ) 110.0] 111.5

MAX. DEVIATOR STRESS kst |0-08s] 62 | 135 ] 193
ULT. DEVIATOR STRESS kel (a-mal 62 | 135 193

SATURATION 2% S, | o7l 722 ma| S | 100 | 100 | 100 |Specimen Shape @ sued ﬂ
VOID RATIO e, | 0551|0544] 0524] e. | 0530} 0520 0501 |Failure L
CONTROLLED : Strain @ 3.64 % perminute T50, Minutes = Q.11
N/A
NIA
SHEAR TOTAL EFFECTIWE
STRENGTH COHESION , C (ksf}) - 0.25 | APPARENT COHESION , { kat) : 0.05
PARAMETERS |ANGLE OF INTER. FRICTION, ¢( DEGREES ) 36.8 |ANGLE OF INTER. FRICTION, ©' ( DEGREES) : 33.3
10 ) r
H ~ - =+ TOTAL STRESSES
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L o,
QORE TRIAXIAL SHEAR TEST REPORT
e e {ASTM D 4767 ) -88
AEVS, L1304
JOB NAME: Sahstorie Vauit # 2, Task 8 CONFRACT AB B0187N . SPECIHGATION K-SPCG-00010 REVS
[ SIONe JdUR K =, ] ASK
JOB NO.: 24150-H__|REPORT NO. : N/A REVIEWED BY: DATE: 6/17/05 |
BORING / PIT NO. : 2Zv2B2U |DEPTH /! ELEV.: 34-38" |SAMPLE NO. : ST4 {TYPE: D
SAMPLE LOCATION : N/A
SOIL DESCRIPTION :_7annish yellow sifty sand]
LL, %: NP, P, %: n.P. | FINES, % : 15 |G, : 2.63
SPECIMEN PROPERTIES TEST PARAMETERS , TEST TYPE cu/ep
INITIAL AFTER CONSOLIDATION [SPECIMEN NO. 1 2 3
SPECIMEN NO. 1 2 3 1 2 3 |B Value 095 ] 095 | 035
DIAMETER , INCHES | D, | 287 | 288 | 283 ] D. | 286 | 2856 | 2486 |pACK PRESSURE, kst tJ, w00 | w0o] ot
|HeiGHT , INcHES Ho | 594 1 586 | 59 | H. [ 597 | 584 | 586 lcoNFMNING PRESSURE , kst o3 | 2t | a2 ] 63
WATER CONTENT, %} W, | 178 | 133 | 198 | W, | 242 | 225 | 23.0 [MAX. DEVIATOR STRESS kef [ y-0a] 127 | 174 | 185
DRY DENSITY, PCF 9.0 | 1016 998 | ¥, 100.2 | 102.9| 102.3 |ULT. DEVIATOR STRESS , kaf | Oy-05f 1271 | 174 | 185
SATURATION ,% S, j713) 823808 S ) 100 ]| 100 | w0 |Specimen Shape € A
VOID RATIO e, | 06s8) v615) 0.69¢4] e, | 0537 ] 0595] neos |Failure
CONTROLLED : Strain @ 3.64 % per minue T50, Minytes = @.11
[
N/A
SHEAR TOTAL EFFECTIVE
STRENGTH COHESION, C {kst) 0.25 |APPARENT COHESION , {heed) 0.26
PARAMETERS |ANGLE OF INTER. FRICTION, ¢( DEGREES ) 26.6 JANGLE QF INTER, FRICTION, ¢' ( DEGAEES) : 3&)__
10 - =
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CONSOLIDATION TEST REPORT

QORE R
(ASTM D 2435) AR
REVE 11 fortiicden
JOB NAME : Saltstone Vault # 2, Task 8 CONTRACT NO, AB BILIN _ SPECIFCATION K-SPCG3-00013 PEVE
JOB NO, : 24150-H |REPQRT NO. : - DATE . 6/22/2005
BORING / PIT NO. Zv2BiU IDEPTH/ELEV . : 29'-31" |REVIEWED BY :
SAMPLE LOCATION : -
WET DENSITY, ywe PCF : 117.2 (DAY DENSITY, Yoy, PCF 100.1 SAMPLE TYPE : up
vOID RATIO , e, : 0.653 |MOISTURE CONTENT , %. : 17.2 SAMPLE NO. : 5T2
SATURATION ,S,,% : §9.7 |LOAD VS. TIME PLOT : Log of time |SP. GRAVITY, Gg : 2.65
LIGUID LIMIT , % : N.P. [PLASTICITY INDEX , % : . N.P. FINES , % : 14
S0QIl. DESCRIPTION : Reddish brown sand with sill.
REMQLDEQ PROPERTIES : - - -
VERTICAL PRESSURE , KSF
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CONSOLIDATION TEST REPORT

QORE .
{ASTM D 2435) AR
pevoinsee | -~
JOB NAME : Saltslone Vault # 2, Task 8 CONTRACT 50 48 B01STH  SPECIICATION K-5°C.G-00013 REVE
JOB NO. : 24150-H ;REPORT NO. : - DATE : 7/27/2005
BORING / PIT NO. : ZV2B1U |PEPTH/ELEV . 29-31' |REVIEWED BY :
SAMPLE LOCATION Retesied
WET DENSITY Y , PCF : 118.9 |DRY DENSITY , yoay, PCF 101.9 SAMPLE TYPE un
VOID RATIO | e, : 0.622 |MOISTURE CONTENT, %. : 18.7 SAMPLE NO. : ST2
SATURATION ,S5,,% ¢ 71.1 [LOADVS. TIMEPLOT : Log of time |SP. GRAVITY , G, 2.65
|LIQUWID LIMIT, % : N.P. |[PLASTICITY INDEX , % : N.P. FINES , % : 14
SOIL DBESCRIPTION Reddish brown sand with sili.
REMOLDED PROPERTIES : - - -
VERTICAL PRESSURE , KSF
00‘1 05 ! 5 10 20 50 100
|
h*_ !
.-'-"‘4'--...____. ]
N\r\ :
1
2 N, N
z N
< \miaa N
[+
=3 i q
wn ::._ , R
3 °=T
1\
4 P, .
\\\ : ]
\ 0 ]
- ‘
\H\ ’ AN
5 ) . e
ey ot WK
6 L
100 VERTICAL PRESSURE , ¥5F
T [ B — T H T
=%} [ P 3 P C= e e . ISR E— - e e e !‘.,';L -
gg _ . BB, _aermmanre N
gg . s . . ST T
40 ' ‘ - - - - R
a0 - 1 ' T - ey o
20 : KR - R R
13 N -l s iy
0.1 1 10 100

—— CONSOLIDATION COEFFICIENT , Cv (FEET2 / MINUTE “10°-4

—#—% INTIAL CONSQLIDATION




K-CLC-Z-00008,

Rev. 0

Sheet 121

Appendix C Laboratory Test Reports

o

CONSOLIDATION TEST REPORT

Q ORE -]
(ASTM D 2435) AR
REVO.1111802 g
JOB NAME : Saltstone Vauit # 2, Task 8 CONTRACT NO. A B0187H _, SPECIFICATION KSPC-(3-0001) REVE
JOB NQ. : 24150-H |REPORT NO. : - DATE : 6/24/2005
BORING / PIT NO, : ZV2B1U |DEPTH/ ELEV . 45-47' |REVIEWED BY :
SAMPLE LQCATION : -
WET DENSITY,y,,,, PCF: 118.6 |DRY DENSITY, Yoay , PCF : 102.8 |SAMPLE TYPE : ub
VOID RATIO , @, : 0.609 |MOISTURE CONTENT , %. : 15.4 SAMPLE NO. : ST4
SATURATION, 5,,% : 7.0 {LOAD VS, TIME PLOT : Log of time ISP. GRAVITY , G; : 2.65
LIQUID LIMIT , % : N.P. PLASTICITY INDEX , % : N.P. FINES , % : i8
SOIL DESCRIPTION : Reddish brown siltysand.
REMOLDED PROPERTIES : - - -
VERTICAL PRESSURE , KSF
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QORE CONSOLIDATION TEST REPORT |
(ASTM D 2435) AR
REVO. 1111502 —
JOB NAME : Saltstone Vault # 2, Task 8 DOHTRAGT NG, AR BOUITH . SPECIRCATIIN K-5PC -00013 AEVE
JOB ND, : 24150-H |REPORT NO. : - DATE : 7/27/2005
BORING / P|IT NO, : Zv2B1U |DEPTH/ ELEV, : 45'-47' {REVIEWED BY :
SAMPLE LOCATION Retested
WET DENSITY ugy_PCF : 119.5 |DRY DENSITY , Jomy. PCF ¢ 101.6 |SAMPLE TYPE - ud
VOID RATIO , e, : 0.628 |MOISTURE CONTENT , %. : 17.7 SAMPLE NO, : T4
SATURATION , S5, % : 747 |LOAD VS. TIME PLOT : Log of time |SP. GRAVITY, Gg ! 2.65
LIQUID LIMIT , % : NP |BLASTICITY INDEX , % : N.P. FINES , % : 18
SOIL DESCRIPTION : Reddish brown silty sand.
REMQLDED PROPERTIES : - - -
VERTICAL PRESSURE , KSF
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L&,

—o— CONSOLIDATION COEFFICIENT , Cv (FEET~2 / MINUTE “10~-4
—&—% INTIAL CONSOLIDATION

Q ORE CONSOLIDATION TEST REPORT .
........ 1eiinEay (ASTM D 2435) Am
PO, VSRR o
JOB NAME : Saltsione Vault # 2, Task 8 CONTAACT NO_ Al BGA8IN ,ﬁuﬂamu-mdm;ﬂm
JOB NO._: 24150-H IREPORYT NO. : - DATE : 8/24/2005
BORING / PIT NO. : ZVZB1UJDEPTH/ ELEY ., : 62-64° |REVIEWED BY :
SAMPLE LOCATION : -
WET DENSITY e PCF : 101.0 ]DRY DENSITY , Yory , PCF ¢ 695 |SAMPLE TYPE : UD
VOID RATIO , e, : 1.378 [MOISTURE CONTENT , %. : 45.3 SAMPLE NO. : sT5
SATURATION , Sy, % 87.1 JLOAD VS, TIME PLOT : Log of time |SP. GRAVITY , Gg 2.65
LIQUID LIMET , % : 53 PLASTICITY INDEX , % : 36 FINES , % : 41
SOIL DESCRIPTION : Tan gray clayey sand.
REMOLDED PAOPERTIES : - - -
YERTICAL PRESSURE , K5F
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QO R E CONSOLIDATION TEST REPORT .
sagrsate AgateEaL (ASTM 02435) Am
AEVO, 11152 -
JOB NAME : Saltstone Vault # 2 Task 8  COPTRAGT WO AB01BTH . BPEGIFIGATION K-576-G-00012 REVS
JOBNO. : 24150-H |[REPORT NO. : - DATE : 7/27/2005
BORING / PIT NO. : ZV2B1U [DEPTH/ ELEV. : 62-64' |AEVIEWED BY :
SAMPLE LOCATION Retested
WET DENSITY,y,.. PCF : 102.8 [ORY DENSITY, ypry, PCF : 69.2 SAMPLE TYPE : uD
VOIR RATIO , e, : 1.391 IMOISTURE CONTENT ,%. : 48.7 SAMPLE NO. : ST5
SATURATION | S, , % : 92.8 [LOAD VS, TIME PLOT : Log of time [SP. GRAVITY , Gy : 285
LIQUIR LT 9% < 53 PLASTICITY INDEX , % : 36 FINES , % 41
SOIL DESCRIPTION : Tan gray clayey sand.
REMOLDED PROPERTIES - - - -
VERTICAL PRESSURE , KSF
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Y LI (ASTM D 2435) Am
REVD, /1502 -
JOB NAME : Saltstone Vault # 2,Task 8 CONTAACT MO AB 30167 SPECHFICATION K.85C- . £0010 HEVE
JOB NO. : 24150-H [REPORT NO. : - DATE 6/24/2005
BORING / PIT NO. : Zv2B1U |DEPTH/ELEY . : 87-89' JREVIEWED BY :
SAMPLE LOCATION : -
WET DENSITY v, PCF : 123.9 |DRY DENSITY , Yypgy, PCF : 105.3 SAMPLE TYPE : ub
VOID RATIO , ¢, : 0.571 |MOISTURE CONTENT , %. : 17.7 SAMPLE NO, : 877
SATURATION ,8,, % : 82.0 |LOAD VS. TIME PLOT : Log of time |SP. GRAVITY , Gg : 2.65
LIQUID LIMIT , % : N.P. |PLASTICITY INDEX , % : NP FINES , % : 5
SQIL DESCRIPTION : Giray sand.
REMOLDED PROPERTIES : - - -
VERTICAL PRESSURE , KSF
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CONSOLIDATION TEST DATA

SUMMARY REPORT
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QORE ‘ _»
............... . (ASTM D 2435) Am
FEVGL A S0 L
JOB NAME : Salistone Vault #2.Task 8 CONTRACT HO. AB 20197, SPECTFICATION K- ERC-0-00089 REYE
JOB NO. : 24150-H|REPORT NO. : - DATE : §/27/2005
BORING / PIT NQ. : ZVv281U |DEPTH/ ELEY. : 122"-124' |REVIEWED BY :
SAMPLE LOCATION : -
WET DENSITY. Y, PCF : 1142 |DRY DENSITY, ypgy . PCF : B6.1 SAMPLE TYPE : uD
VOID RATIO , &, : D.821 |MOISTURE CONTENT , %. : 32.6 SAMPLE NO, : PS3
SATURATION, Sy, % : 939 |LOAD VS. TIME PLOT : Log of time |SP. GRAVITY , Gg : 2.65
LIQUID LIMIT , % : NP, |PLASTICITY INDEX , % : N.P. FINES , % : 27
SOIL DESCRIPTION : Gray silty sand.
REMOLDED PROPERTIES : - - N
VERTICAL PRESSURE , KSF
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1. Introduction

This calculation provides the evaluation of liquefaction potential for the Z-Area Saltstone Vault
No. 2 site (Ref. 1) for post closure conditions. This calculation also estimates settlement of the
facility due to liquefaction and partial liquefaction for post closure conditions.

2. Input

2.1 Project Site

Figure 1 shows the project site along with geotechnical exploratory locations (Ref. 2).

2.2 Seismic Piezocone Penetration Tests

Seven seismic piezocone penetration tests (SCPTu) were performed at the project site (Refs. 2
and 3). Table 1 provides the list of these SCPTu’s. Figure 1 shows the locations of these
SCPTu’s along with other testing locations. Attachment A provides hard copy plots of the
SCPTu data (Ref. 3).

2.3 Soil Properties

Laboratory sieve analyses were performed on scil samples retrieved from geotechnical
boreholes at the project site (Ref. 2). Table 2 provides the boreholes used in this calculation.
Figure 1 shows the locations of these boreholes along with other boreholes drilled and test pits
dug during the investigation. Table 3 summarizes percent fines (i.e., percent passing #200
sieve) used in this calculation.

2.4 Stratigraphy

The stratigraphy at the project site was evaluated (Ref. 4). Engineering layers are identified as
Layers S1/2, C2, 83, S4, and M1. Layer $1/2 consists of Upland Formation, Tobacco Road
Formation, and upper portion of the Dry Branch Formation; Layer C2 is the Tan Clay Unit within
the Dry Branch Formation; Layer S3 is the lower portion of the Dry Branch Formation; Layer S4
is the Santee/Tinker Formation; and Layer M1 is the Warley Hill Formation. Table 4 provides
the elevations of the layers at each SCPTu location. Subsurface cross sections of the project
site are provided in Reference 2. For this calculation liquefaction analysis is performed for the
saturated portions of Tobacco Road and Dry Branch Formations. The Santee/Tinker Formation
is assumed too deep for liquefaction. Liquefaction analyses in this calculation were terminated
at the top of the Santee/Tinker Formation (i.e., the top of the 54 layer). Dynamic settlement in
the Santee/Tinker Formation is due to “soft zones” and is covered in another calculation.

2.5 Groundwater Elevation

The groundwater elevation at the project site is 225 feet, MSL with estimated seasonal
fluctuation of + 5 feet (Ref. 5). For this calculation a conservative groundwater elevation of 230
feet, MSL is used. Only saturated soils are analyzed for potential liquefaction.

2.6 Design Basis Earthquake

The design base earthquake is a response spectra based on IBC Section 1615 (Ref. 6). The
peak ground acceleration (PGA) is 0.21 g. Attachment B provides the PGA computation details.
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The USGS has performed a site specific Probabilistic Seismic Hazard Analysis (PSHA) for the
SRS (Ref. 7, Attachment C). The SRS PGA hazard dissagregation for the 2,500 year retumn
period is presented in Table 5. The hazard dissagregation is used to establish weights for
averaging earthquake results based on various magnitudes for the DBE.

3. Evaluation and Computation

3.1 Evaluation of Liquefaction Potential

A modified version of the Simplified Procedure for Evaluating Soil Liquefaction Potential (Refs. 8

and 9) was used to evaluate the liquefaction potential. This procedure computes the factor of
safety:

Factor of Safety = CRR/CSR
where CRR is the cyclic resistance ratio and CSR is the cyclic stress ratio,
CRR = T4/ 6"

where 1, is average shear stress required to induce liquefaction and
O'w is the effective vertical overburden stress,

CSR = Tawe / 0'vo

where 1. is the average shear stress induced by the earthquake and
O'w is the effective vertical overburden stress.

The simplified method for calculating CSR is:
CSR = Tave / 0'vo = 0.65(amax / 9)( Ow / O'vo) 1a

where an. is the maximum horizontal acceleration at ground surface
g is the gravitation acceleration
Ovw IS the total vertical overburden stress
O'w is the effective vertical overburden stress
rq4 is the stress reduction factor and is calculated as (Ref. 10} and
ra=1.000 -0.00765z forz+ 9.15m
=1.174-0.0267z for8.15m<z-23m
=0.744 -0.0080z for23m<z+ 30m
= 0.500 forz>30m
where z is the depth in meters

Factor of Safety = CRR;.5K; Kage Ko MSF/CSR
where K, is the static driving shear correction factor (Ref. 10). For this calculation,
no K, correction was used (i.e., K, = 1.0).
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Kage is the age factor. Because aging is incorporated in the site specific equations used
to compute the CRR, no additional correction is made (Kage = 1).

K, s the static effective overburden correction factor. For this calculation a site specific
K, relationship is used, K = 1.009376 - 0.18326 log(a',o) - 0.08340 log(c',o)* (Ref.
11) where o'y, is the effective vertical overburden pressure in tsf.
Figure 2 shows the equation. The NCEER recommended K, curves (Ref. 8)
are also shown for comparison.

MSF is the earthquake magnitude scaling factor (Ref. 10). Values of the MSF
are provided in Figure 3 and Table 6.

Computation of CRR using Shear Wave Velocity
CRR can be computed from shear wave velocity (Ref. 12):

CRR = 0.022(Vs1/100)? + 2.8[1/(V*51 - Vo) - 1/ V*44]

where V¢ is overburden stress-corrected shear wave velocity
V*51 Is the limiting value of V4 for cyclic liquefaction cccurrence

V¢ is computed using the equation:
Vs‘] = Vs (Pa / leo) 0.25
where V, is shear wave velocity .
P, is reference stress of about atmospheric pressure

o', is the effective vertical overburden stress

V*sy is computed using the equation:

V¥ =215 m/s for sands with fines content (FC}* 5%
Vg =215~ 0.5(FC-5)m/s for sands with 5% < FC < 35%
V* = 200 mis for sands with FC « 35%

Figure 4 presents the V*g; versus CRR curves.

Computation of CRR using CPTu Tip Resistance
CRR can also be computed based on normalized tip resistance (qt1) using site specific
equations developed at SRS (Refs. 11 and 15):

for 30% fines: CRR = 0.125721 + 0.002537 (qt;) + 0.000040 (qt,)?
for 22.5% fines: CRR = 0.093309 + 0.001757 (qt;) + 0.000029 (qt:)?
for 15% fines: CRR = 0.072666 + 0.001141 (qt;) + 0.000028 (qt:)?
for 10% fines: CRR = 0.046881 + 0.001190 (qt,) + 0.000015 (qt;)?
for 0% fines: CRR = 0.021215 + 0.001408 (qt,) + 0.000007 (gt;)?
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Where qt1 is the tip stress normalized for overburden stress at the time of data collection. The
tip stress (qt) is normalized using the following equation (Ref. 8):

qty = Ca qt
where Cq is the CPTu overburden normalization factor, computed from

Ca=(Palo'w)" withCo<1.7
where P, is the atmospheric pressure
O'w is the effective vertical overburden pressure at time of testing
n is an exponent ranges between 0.5 for clean sand and 1.0 for clays

For this calculation the n was varied linearly, based on percent fines, between 0.5 for clean
sand (i.e., fines » 5%) and 1.0 for clays (i.e., fines « 50%). Figure 5 shows the relationship
between CRR and qgt1.

To use the SRS CRR equations it is necessary to determine percent fines. Percent fines were
estimated using the following equation (Ref. 13):

Percent Fines = 29.47 1,2" - 0.09

where |, = [(1.60 - log Q) + (log F, + 0.41)%°®
Q, is a normalized tip stress, Q; = (q; - Gw) / O'w
F, is stress normalized friction ratio, F. = [(f. / q: - 0v,) x 100]
qiis the CPTu tip stress corrected for unequal area effects
fs is the CPTu sleeve friction
O is the total vertical overburden stress
o'\ is the effective vertical overburden stress

Table 3 presents laboratory determined percent fines from samples collected in borings
Z-V2-B1U and Z-V2-B2. These borings were selected based on their proximity to two of the
SCPTu locations used in this calculation. Boring Z-V2-B1U is within 3 feet of SCPTu
Z-V2-CP15 and boring Z-V2-B2 is within 8 feet of Z-V2-CP8 (see Figure 1). Figures 6 and 7 are
plots of laboratory determined percent fines versus CPTu estimated fines for these
SCPTu/Boring pairs. Estimated fine contents based on CPTu provided reasonable results,

3.2 Settlement Resulting from Liquefaction and Partial Liquefaction

Settlement due to liqguefaction and partial liquefaction were calculated based on SRS site
specific testing. 1t was assumed that all liquefiable and partially liquefiable zones within the
profile will settle and the resulting settlement will be cumulative at the surface. Total cumulative
settlement resulting from liquefaction and partial liquefaction is estimated for the profile by
summing the liquefaction settlement (i.e., FS < 1.15) and partial liquefaction settlement (i.e.,
1.15 < FS < 2.2) for each increment:
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Stotat = Z Suiq + Z Sp g
where Stqa is the cumulative settlement,

Siiq is the settlement of the increment due to liquefaction, and

Sr g is the settlement of the increment due to partial liguefaction.
Where S is the volumetric strain due to liquefaction multiply by dz

Sr g is the volumetric strain due to partial liquefaction multiply by dz

dz is the thickness of the increment.

Soils with a factor of safety > 2.2 are considered to be non-liquefiable. No settlement is
expected for Factors of Safety greater than 2.2:

Volumetric Strain Curves

The volumetric strain curves developed for SRS (Refs. 14 and 15) using H-Area data are used
for computing the volumetric strains:

for gt = 160, 0.4 < FS < 1.15 strain{%) = 0.65
for gt = 130, 0.4 < FS < 1.15
strain(%) = 2.9883 + 10.354(FS)* - 30.258(FS)® + 30.7(FS)? - 13.064(FS)
for qt; =100,04 <FS5<1.15
strain(%) = 2.0308 + 8.3929(FS)* - 21.111(FS)* + 16.12(FS)’ - 4.5756(FS)
for gt; = 50,0.4 < FS < 0.65
strain(%) = - 41.6495 - 756.666(FS)* + 1505.222(FS)® - 1123.65(FS)* + 371.2387(FS)
for qt1- =50,065<FS <1.15
log strain(%) = 1.256225 - 0.21100(FS)? - 1.01242(FS)
for qt; = 30, 0.4 <FS <0.65
strain(%) = - 45.4815 - 830.0000(FS)* + 1651.074(FS)’ - 1231.64(FS)? + 406.5062(FS)
for qt, = 30, 0.65 < FS < 1.15

log strain(%) = 1.181442 - 0.47909(FS)? - 0.63184(FS)
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forgti = 20,04 <FS < 0.65

strain(%) = -45.2315 - 830.0000(FS)* + 1651.074(FS)* -1231.64(FS)’ + 406.5062(FS)
for gty =20, 0.65<FS < 1.15

log strain(%) = 0.679601 - 1.17026(FS)* + 0.616392(FS)
forqt; = 10, 0.4 <FS < 0.65

strain(%) = - 28.6577 - 560.0000(FS)* + 1114.074(FS)? - 836.066(FS)? + 278.6576(FS)
forqts= 10,065 <FS<1.15

log strain(%) = 0.454166 - 1.56185(FS)? + 1.272068(FS)
forqt;=5,04 <FS8<0.65

strain(%) = - 29.7775 - 566.666(FS)* + 1127.333(FS)* - 845.883(FS)? + 281.8638(FS)
forqt;=5,065<FS<1.15

log strain(%) = 0.367762 - 1.73636(FS)* + 1.555255(FS)
for partial liquefaction 1.15 < FS < 1.6 and all gt; values

log strain(%) = 1.256225 - 0.21100(FS)* - 1.01242(FS)
for partial liquefaction 1.6 < F§ < 2.2 and all gt, values

strain(%) = 0.728794 + 0.100221(FS)? - 0.54090(FS)

Figure 8 shows the relation between the volumetric strain and the Factors of Safety for various
qt;.

Table 5 gives the PGA hazard dissagregation for the 2,500-year return period (Ref. 7). Using
Table 5, the weight for a given magnitude is the sum of the various distances for a given
magnitude. For example, the sum for magnitude 4.5 to 5.0 is 15.52, while the sum for
magnitude 7.0 to 8.0 is 47.70. Settlement due to liquefaction or partial liquefaction is calculated
using the methodology above using various magnitudes (i.e., 4.75, 5.25, 5.75, 6.25, 6.75, and
7.5). The settlement results are then weighted according to the appropriate magnitude from the
hazard dissagregation,
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4. Results and Conclusion

Liquefaction Potential

The “Simplified Procedure for Evaluating Soil Liquefaction Potential” was used to quantitatively
evaluate liquefaction susceptibility. Both the methods of shear wave (V) and the CPTu (qt1)
were used to determine CRR in conjunction with the DBE having a PGA of 0.21g. Percent fines
required to determine CRR were determined using the CPTu estimated results, which are based
on correlation with laboratory determined percent fines.

Method 1 Cyclic Resistance Ratio using Shear Wave Velocity

Liquefaction susceptibility calculations were performed for the DBE using V,, data from the
seven SCPTu soundings. Liquefaction factor of safety versus elevation for SCPTu location
Z-V2-CP15 is presented on Figure 9 for several different magnitudes. Note that SCPTu location -
Z-V2-CP15 was selected for presentation as it has the lowest factor of safety values of the
seven SCPTu for the site.

Settlements were not calculated using the shear wave safety factors, as the liquefaction strain
curves (see Figure 8) are functions of CPTu tip stress. The factor of safety calculated from
shear wave velocity is comparable to that calculated using the CPTu tip stress method (see
Figures 9 and 10).

Method 2 Compute Cyclic Resistance Ratio using CPTu Tip Stress

Liquefaction potential and resulting settlements were computed using the CPTu methoed.
Liquefaction factor of safety versus depth for SCPTu location Z-V2-CP15 is presented on Figure
10 for several different magnitudes.

Liquefaction analyses using shear wave velocity and CPTu tip stress suggest that the soils at
the project site are not susceptible to significant liquefaction for the 2,500 year earthquake
having a PGA of 0.21g. Figures 9 and 10 compare reasonably well indicating that the two
methods give similar results. As expected, both methods show decreasing factor of safety with
increasing earthquake magnitude. :

Settlement due to liguefaction and partial liquefaction

Settlement versus depth for SCPTu location Z-V2-CP15 is presented on Figure 11 for several
different magnitudes. Note that SCPTu location Z-V2-CP15 was selected for presentation as it
has the highest calculated settlement of the seven SCPTu for the site for a magnitude 7.5
earthquake (see Table 7).

Settlements were calculated using the SRS volumetric strain relationship for each of the seven
SCPTu and for all magnitudes in the USGS seismic hazard for SRS. The results as well as the
weighted average are summarized in Table 7.

Settlement due to partial liquefaction ranges from near zero to nearly 2% inch depending on
SCPTu location and earthquake magnitude. The weighted average using the USGS PGA
hazard dissagregation for weighting is less than an inch for the 2,500-year earthquake set.




K-CLC-Z-00010, Rev. 0 Sheet 10

5. References

(1) M-TC-Z-00004, Task Requirements and Criteria Document, Saltstone Facility Cylindrical
Vauit #2 Project Blud 451-002Z (U), Rev. 1, October 2005.

(2) SRS Calculation No. K-CLC-Z-00008, Evaluation of Test Data, Rev. 0, Februa'ry 2006.

(3) Subcontract No. AC39054N, Task 3, Applied Research Associates, Inc., Cone
Penetrometer Data Report, July 2005.

(4) SRS Calc. K-CLC-Z-00005, Stratigraphy for the Saltstone Vault No. 2, Rev. 0, July 2005.
(5) SRS Cale. K-CLC-Z-00006, Scil Properties for the Design of Vault No. 2, Rev. 0, July 2005.
(8) ICC, IBC International Building Code 2003.

(7) Frankel, A., USGS, Letter to R. C. Lee, Re: Results of USGS calculation of SRS PSHA,
March 1, 1999.

(8) Youd, T. L., et. al., Liquefaction Resistance of Scils: Summary Report from the 1996
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils,
Journal of Geotechnical and Environmental Engineering, Vol. 127, No. 10, October, 2001.

(9) Seed, H. B. and |. M. Idriss, Simplified Procedure for Evaluating Soil Liquefaction Potential,
Journal of the Soil Mechanics and Foundation Division, ASCE, Vol. 97, SM9, New York, NY,
1971.

(10) NCEER, Proceedings of the NCEER Warkshop on Evaluation of Liquefaction Resistance
of Soils, National Center for Earthquake Engineering Research, Technical Report No.
NCEER-97-0022, State University of New York at Buffalo, NY, December 31, 1997.

(11) WSRC-TR-95-0057, In-Tank Precipitation Facility (ITP) and H-Tank Farm (HTF)
Geotechnical Report (U), Rev. 0, September 1995.

(12) Andrus, Ronald D., and Kenneth H. Stokoe, Liquefaction Resistance of Soils from -
Shear-Wave Velocity, Journal of Geotechnical and Environmental Engineering, Vol.
126, No. 11, November, 2000.

(13) SRS calculation No. K-CLC-G-00065, CPTu Fines Content Determination, Rev. 0, August
2001.

(14) SRS calculation No. K-CLC-H-00064, Volumetric Strain, Nov. 1894,

(15) SRS calculation No. C-CLC-H-00815, Probabilistic Liquefaction Settlement Evaluation for
TP (U), Rev. 0, Nov. 1995.




K-CLC-Z-00010, Rev. 0 Sheet 11

Table 1 Seismic Piezocone Penetration Tests

North East Ground Total

I.D. Coordinate Coordinate Elevation Depth
(feet) (feet) (feet MSL) (feet)

ZN2-CP5 77,192 67,008 287.0 114.0
Z-V2-CP6 77,293 66,929 283.0 107.0
Z-\2-CP7 77,282 87,082 2794 110.0
Z-V2-CP8 77,360 66,983 278.8 . 113.0
Z-V2-CP9 77,483 67,019 275.3 111.5
Z-V2-CP10 77,470 66,880 279.0 103.0
Z-V2-CP15 77,270 67,020 ' 281.7 143.56

Table 2 Geotechnical Boreholes

_ SRS SRS Ground Total'
I.D. Type North East Elevation Depth
(feet) (feet) (feet MSL) (feet)
Z-V2-B2 - SPT 77,353 66,983 279.0 132.0
Z-V2-B1U ubD 77,2714 67,018 281.9 123.5
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Table 3 Percent Fines
Top Bottom Englneering Fines
Sample No. Elevation Elevation Layer {passing #200)
(feet, MSL) (feet, MSL) (%)
Z-V2-B2-582 267.0 265.0 S$1/2 31.9
Z-V2-B2-356 259.0 257.0 S1/2 30.6
Z-V2-B2-SS8 252.0 250.0 S1/2 13.7
ZV2-B2-5810 2440 2420 S1/2 15.0
Z-\'2-B2-S512 234.0 232.0 81/2 12.0
Z-V2-B2-5514 224.0 2220 C2 19.3
Z-\\2-B2-8515 218.0 217.0 C2 19.4
Z-V2-B2-8516 214.0 212.0 C2 17.0
Z-\V2-B2-8817 208.0 207.0 S3 15.4
Z-\V2-B2-8518 204.0 202.0 83 7.0
Z-\V2-B2-8519 199.0 197.0 S3 8.2
Z-\V2-B2-8S520 194.0 192.0 S3 9.7
Z-V2-B2-8521 189.0 187.0 83 32.2
Z-V2-B2-5822 184.0 182.0 S4 12.6
Z-V2-B2-5523 179.0 177.0 S4 30.6
Z-\V2-B2-5524 174.0 172.0 S4 43.6
Z-\\2-B2-8525 169.0 167.0 54 44 3
Z-vV2-B1U-8ST1 267.9 265.9 81/2 251
Z-V2-B1U-8T2 2529 250.9 S1/2 13.9
Z-V2-B1U-ST3 250.9 248.9 S1/2 17.6
2-V2-B1U-5T4 236.9 2349 S1/2 18.3
Z-V2-B1U-ST5 219.9 217.9 Cc2 40.6
Z-V2-B1U-ST7 194.9 192.9 383 5.2
Z-\2-B1U-PS1T 177.9 177.4 S4 13.0
Z-vV2-B1U-PS1B 177.4 175.9 S4 15.4
Z-V2-B1U-PS3 159.9 157.9 S4 27.0
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Table 4 Engineering Layers
, Elevation Elevation Elevation
Surface .
SCPTu Elevation at contact of at contact of at contact of
(feet, MSL) 81/2 and C2 C2 and 83 S3and 84
' (feet, MSL) (feet, MSL) (feet, MSL)
Z-V2-CP5 287.0 227 208 176
Z-\V2-CP6 283.0 230 212 178
Z-V2-CP7 2794 223 207 176
Z-V2-CP8 278.8 224 212 184
Z-V2-CP9 2753 212 197 166
Z-\V2-CP10 279.0 228 213 186
Z-V2-CP15 2817 223 208 181
Average 280 223 208 179

Table 5 Peak Ground Acceleration Hazard Dissagregation for 2,500-year Return Period in %

(Bedrock PGA = 0.15g)

Distance Mw = My = My = Mw = Mw = Mw = Total

(km) 451050 | 50t055|55t060 |60t06.5]65t07.0|7.01c8.0

7.5 7.126 3.559 1.728 0.776 0.420 0.000 -

20 4.931 3.636 2.351 1.276 0.775 0.000 -
37.5 3.105 3.896 4.038 3.237 2.723 0.000 -

75 0.329 0.926 2.049 3.242 0.000 16.448 -

150 0.026 0.142 0.588 1.676 0.000 29.245 -
250 0.000 0.000 0.005 0.036 0.000 1.633 -
350 0.000 0.000 - 0.000 0.002 0.000 0.076 -

z 15.516% | 12.158% | 10.759% | 10.246% | 3.918% | 47.404% | 100.0%
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Table 6 Magnitude Scaling Factors Used for this Calculation

Magnitude MSE
Mw
4.75 3.4
5.25 2.8
5.75 2.2
6.25 1.7
6.75 1.4
7.5 1.0

Note: see Figure 3

Sheet 14

Table 7 Liquefaction and Partial Liquefaction Settlement Using CPTu CRR Stress Methodology

Settlement (inch)
Mw= MW= Mw= Mw= Mw= MW=
475 | 525 | 575 | 625 | 675 | 7.50
SCPTu MSF= | MSF= | MSF= | MSF= | MSF= | MSF =
3.4 2.8 2.2 1.7 1.4 1.0
ZV2-CP5 0655 | 0913 | 1.084 | 1.158 | 1.319 | 2.068
Z-V2-CP6 0.000 | 0.000 | 0.000 | 0.038 | 0.174 | 1.035
ZV2-CP7 0.000 | 0.000 | 0.000 | 0.050 | 0.266 | 1.417
Z-V2-CP8 0013 | 0018 | 0.031 | 0.150 | 0.409 | 1.941
ZV2-CP9 0.000 | 0.000 | 0.006 | 0.080 | 0.297 | 1.582
ZV2-CP10 0.005 | 0.000 | 0.000 | 0.013 | 0.089 | 0.569
ZV2-CP15 0.000 | 0.000 | 0.009 | 0.124 | 0449 | 2.237
Average Settlement (S) | 96 | 0433 | 0161 | 0230 | 0429 | 1.550
by Magnitude
Magnitude Weight (Z) | 4 455 | 0122 | 0108 | 0.102 | 0039 | 0.474
{from Table 5)
SxZ 0015 | 0016 | 0.017 | 0.024 | 0017 | 0.735
Weighted Average (inch) | 0.82
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Figure 1 Geotechnical exploratory map
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and normalized CPTu tip resistance (gt;) for SRS
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Fines vs Elevation
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Figure 6 Comparison of fine contents estimated using CPTu data at 2-V2-CP8
with laboratory tested results from Boring Z2-V2-B2



K-CLC-Z-00010, Rev. 0 Sheet 21

Fines vs Elevation
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Figure 7 Comparison of fine contents estimated using CFTu data at Z-V2-CP15
with laboratory tested results from Boring Z-V2-B1U
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Factor of Safety Against Liquefaction
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Figure 9 Factor of safety using shear wave velocity method and data from Z-V2-CP15
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Liquefaction Safety Factor vs Depth
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Figure 10 Factor of safety using CPTu tip resistance method and data from Z-V2-CP15
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Cumulative Settlement vs Depth
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Figure 11 Settlement versus elevation for SCPTu location Z-V2-CP15 is presented
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Elevation (feet)

260

240

220

200

180

160

N2 -CP6

Attachment A SCPTu Data

APPLIED RESEARCH ASSQCIATES, in~
Shear Wave Speeds

Sheet 27

17/ May /2005

File 217y0501

¥ave Speed {fl/sec)

r 9 1
i
|
— o
1 p .
1 o .
; b
- g -
‘ 0 |
0
{ O ]
|
i o ]
—— Elevalion Wavespeed —
(1L) {1L/s)
- 272 - 249 1130 -0 o .
249 - 237 1260
231 - 219 1040 —
o
i 213 - 183 1190 o
o i
0 ) -
]
-
1 L 1 1 i |
0 400 800 1200 1600 2000



K-CLC-Z-00010, Rev. 0
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Attachment A SCPTu Data
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Attachment B Response Spectra based on International Building Code

Period T Frequency IBC
0.01 100.00 0.214
0.02 50.00 0.241
0.03 33.33 0.268

0.03333 30.00 0.277
0.04 25.00 0.295
0.05 20.00 0.323
0.06 16.67 0.350
0.07 14.29 0.377
0.08 12.50 0.404
0.09 11.11 0.431
0.10 10.00 '0.459

0.103 9.71 0.467
0.515 1.94 0.467
0.54 1.85 0.445
0.75 1.33 0.320
1.0 1.00 0.240
1.5 0.67 0.160
20 0.50 0.120
25 0.40 0.096
3.0 0.33 0.080
4.0 0.25 0.060
5.0 0.20 0.048
10 0.10 0.024

Ss = 0.50g, from IBC Figure 1615(1) or USGS web site with Lat. 33.3 and Long. -81.63
S, =0.17g, from IBC Figure 1615(2) or USGS web site with Lat. 33.3 and Long. -81.63

Fa = 1.40, from IBC Table 1615.1.2(1) Site Class D
Fv =2.12, from IBC Table 1615.1.2(2) Site Class D

Sus=0.70 Sus=Fax8s (IBC Equation 16-16)
Sw =0.36 Sy =FvxS§S, (IBC Equation 16-17)
Sps = 0.467 Sps = (2/3)Sus  (IBC Equation 16-18)
Sp; =0.240 Sp; = (2/3)Swy  (IBC Equation 16-19)
Te=0.103 T = 0.2(Sp+/Sps) from IBC Section 1615.1.4
Ts=0515 Ts=(Spi/Sps) from IBC Section 1615.1.4

From IBC Section 1615.1.4;

Sa = 0.6(Sps/To)T + 0.48ps for periods less than or equal to Ty

Sa = Spg for periods greater than or equal to To and less than or equal to Ts
Sa = Spy/T for periods greater than Ts

PGA corresponds to zero period, or for this spectrum PGA is approximately 0.21g.

Sheet 33
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Attachment B Response Spectra based on International Building Code
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The ground motion values for the reguested point:

LOCATION 33.30 Lat. -B1.63 Long.
DISTANCE TO ,

NEAREST GRID POINT 2.79401733565331 kms
NEAREST GRID POINT 33.30000 Lat. -81.60000 Long.

Probabilistic grouné motion values, in %g, at the Nearest Grid point are:
10%PE in 50 yr 5%PE in 50 yr 2%PE in 50 yr

PGA 7.566638 13.14327 23.69023
0.2 sec SA 17.185490 28.02243 50.20057~
0.3 sec SA 13.55839 23.43204 40.36540
1.0 sec SA 5.531499 9.420448 17.34955 ~

The program has detected a zero latitude and has assumed the end of valid input data.

PROIECT INFO: Home Page
SEISMIC HAZARD: Hazard by Latl.on

o v @
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Attachment C Letter from Frankel to Lee, March 1, 1939

United States Department of the Interior

U.S. GEOLOGICAL SURVEY

Arthur Frankel

U.S. Geological Survey

MS 966, Box 25046

Denver Federal Center

Denver, CO 80225
303-273-8586, fax 303-273-8600
afrankel@usgs.gov

Mar. 1, 1999

Richard Lee
1092 Sizemore Rd.
Aiken, SC 29803

Dear Rich,

Enclosed is a Zip disk with the d¢-aggregation tables for the Savannah River Site.
See the Srs directory on the disk. 1 have also printed out the contents of the Readme.txt
file on the disk. If you want this in some other format, let me know. If we have missed
some particular rates of exceedance that you need, let me know. We'll be happy to answer
any questions you have about these results.

Sincerely,

P d

Arthur Frankel

UNCLASSIFIED

RUCLEAR INFORMA

A .

—y
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Attachment C Letter from Frankel to Lee, March 1, 1999

Readme . txt

Notes on De-aggregations for Savannah River Site

The output files give relative contributions in percent (to 1 decimal
place), and include all rows with no data (no sources). There are 3 header
lines per file and 42 data (or dataless) lines per file.

=
The ocutput files' names give a clue about the contents. The only
information about the attenuation model used is in the file name.

The file names start with psavrlvab {for ABSS attenuatxon),

psavrivfr (for Prankel et al attenuation),

psavrivto (for Toro et al attenuation), and

psavrivtfa (for 1/3 wt Frankel, Toro and AB9S5 attenuation models combined}) .

The internal part of the name gives a clue about the return time, eg,
14eq ineans 1,000,000 years, 33Me means 33,333,333 years, etc.

The final part (suffix) of name gives the PSA frequency {(eq, 10hz) or is
pga for pga.(see below)

De-aggregations are calculated based on annual frequency of exceedance

for the case of three attenuation relations with equal welight, De-aggregations
at any given freq. of exceed. and ground motion frequency is based

on the same ground motion value.

Annual Rates of Exceedance and 4 letter code embedded in filename:

le-2 100y

Se-3 200y

3e-3 333y

2e-3 500y

le-3 1000

Se-4 2000

4e-4 2500

Je-4 3333

2a-4 5000

le-4  10ky

S5e-5 20ky

3e-5  33ky

2e-5 S0ky . :
le-$ 100k - ® °
Se-6 200k

4e-6 250k

3e-6 333k

2e-6 500%

le-6 lmeg -

5e-7 2meg .

3e-7. 3Imeg . -

2e~7 Smeg .

le-7 . -10me

S5e-7 20me .

3e-7 33me e
2e-7 S0me

le-8 100m

The second header line tells the approx. return time.

See table above for exact annual frequency of exceedance for that filename
The middle of the second lire shows the ground motion value

used in the de-aggrgeation. This value was derived from using the

‘mean hazard curve from the 3 attenuation relations.

The end of the second line shows the annual frequency of exceedance for
that attenuation relation for the given ground motion value.

When the de-aggregation is for the 3 atten reln. mean, this value

equals the annual freq. of exceedance.

Page 1
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Attachment C Letter from Frankel to Lee, March 1, 1999

-, . Readme ., txt

Steve Harmsen harmsen@usgs.gov
Art Frankel afrankelBusgs.gov

-

Page 2
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Attachment D List of computer files

Computer files from ARA containing CPT data (i.e., tip stress, sleeve stress, pore pressure, etc.)
are listed below:

ZV2-CP3.csv 7/18/2005 08:48a. 171,163
ZV2-CPB.csv 7/18/2005  08:49a 180,227
ZV2-CP7.csv 7/18/2005 08:49a 204,572
ZV2-CP8.csv 7/18/2005  08:50a 213,040
ZV2-CP9.csv 7/18/2005 08:51a 218,434
ZV2-CP10.csv 7/18/2005 08:51a 185,683
ZV2-CP15.csv 7/18/2005 08:54a 253,763

Excel spreadsheets created to perform the calculations are listed below:

ZV2CP5-lig.xls 2/15/2006 01:53p 4,265,984
ZV2CP6-lig.xls 2/15/2006 01:56p 4,534,784
ZV2CP7-lig.xls 2/15/2006 02:07p 5,036,544
ZV2CP8-liq.xls 2/21/2006  05:04p 4,835,840
ZV2CP9-liq.xls 2/15/2006 02:13p 5,500,928
ZV2CP10-ig.xls 2/15/2006 02:15p 4,422,656
ZV2CP15-ig.xls 3/13/2006 04:05p 5,137,920
Zv2cp5-Vs.xis 3/10/2006  02:42p 543,232
zv2cpB-Vs.xls 3/10/2006  04:51p 570,368
Zv2cp7-Vs.xis 3/10/2006  (01:18p 611,840
zv2cp8-Vs.xls 3/10/2006  04:24p 585,728
zv2cp9-Vs.xls 3/10/2006 . 03:39p 673,792
zv2ep10-Vs.xls 3/10/2006  01:13p 557,568

zv2cp15-Vs.xls 3/10/2006 01:12p 675,328
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Calculation No. K-CLC-Z-00006, Rev. 0

1. INTRODUCTION

Sheet 3

This calculation provides selected soil properties for the design of Saltstone Vauit No. 2 (Ref.
1). Figure 1 shows the layout of the project site along with the geotechnical exploratory

locations.

The foundations of the vaults will be at elevation 268 feet, MSL, approximately. Soils to be
excavated will be used as the fill around the vaults.

2. INPUT DATA

The input data include:

2.1 Field Exploration

Type North East Ground Total
of 1.D. Coordinate Coordinate Elevation Depth
Exploration (feat) (feet) (feet MSL) {feet)
SCPTU Z2-V2-CP5 77,192 67,008 287.0 114.0
SCPTU Z-v2-CP6 77,293 66,929 283.0 107.0
SCPTU Z-V2-CP7 77,282 67,082 279.4 110,0
SCPTU Z-V2-CP8 77,360 66,983 278.8 113.0
SCPTU Z-V2-CP9 77,483 67,018 275.3 111.5
SCPTU Z2-V2-CP10 77,470 66,880 279.0 103.0
CPTU Z-N2-CP11 77.191 67,145 283.0 40.0
CPTU Z-V2-CP12 77,145 66,989 289.7 40.0
CPTU Z-v2-CP13 77,234 66,895 286.2 40.0
CPTU Z-V2-CP14 77,381 66,859 280.8 40.0
SCPTU Z-\2-CP15 77,270 67,020 281.7 143.5
SPT Boring Z-V2-B1 77,272 67,024 281.7 132.0
SPT Boring Z-v2-82 77,353 66,983 2790 132.0
SPT Boring Z-V2-B3 77,422 66,957 278.1 132.0
LD Boring Z2-v2-B2U 77,1561 66,979 289.7 36.0
Test Pit TP-1 77,311 66,936 2815 12.0
Test Pit TP-2 77,266 67,070 280.9 12.0
Appendix A provides the CPT logs (Ref. 2). Appendix B provides the borehole logs.
2.2 Dissipation Tests
Ground Test Test Groundwater
CPT Elevation Depth Elevation Prassure Elevation
.D. (feet, MSL) | (lest) (feet, MSL) (psl) (feat, MSL)
Z-V2-CP5 287.0 76.1 210.9 3.80 219.7
" Z\2-CP9 275.3 62.0 213.3 7.21 229.9

Dissipation test reports are included in Appendix A, CPT logs.
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2.3 Laboratory Tests
1) Index tests (Ref. 3):
Borehole Sample Ground Depth Depth Elgvation Elevation
or Test Pit No Elevation from to from to
No. ) (ft, msl) (feet) (fest) (ft, msl) (ft, msl)
Z-V2-B2U ST1 289.7 6.0 8.0 283.7 281.7
Z-v2-821 sT2 289.7 14.0 16.0 2757 273.7
TP-1 - Bag 4 281.5 2.0 4.0 279.5 2775
TP-1 Bag 6 2815 4.0 6.0 277.5 275.5
TP-1 Bag 8 281.5 6.0 8.0 275.5 273.5
TP-1 Bag 10 281.5 8.0 10.0 273.5 271.5
TP-1 Bag 12 2815 10.0 12.0 2715 269.5
TP-1 Composite 281.5 2.0 12.0 279.5 269.5
TP-2 Bag 4 280.9 2.0 4.0 278.9 276.9
TP-2 Bag 6 280.9 4.0 6.0 2769 274.9
TP-2 Bag 8 280.9 6.0 8.0 274.9 2729
TP-2 Bag 10 280.9 8.0 10.0 2729 270.9
TP-2 Bag 12 280.9 10.0 12.0 270.9 268.9
TP-2 Composite 280.9 2.0 12.0 278.9 268.9
2} Modified proctor tests (Ref. 3):
Test Ground | Depth Depth Elev. Elev. Max. Optimal
. . Water
Pit Sample Elev. From To From to Dansity Content
1.D. {ft, MSL) | (feet) (feet) | (ft, MSL) | (ft, MSL) | (pcf) %)
TP-1 | Composite | 281.5 2.0 12.0 279.5 269.5 124.2 10.2
TP-2 | Composite | 280.9 4.0 12.0 276.9 268.9 123.4 10.7

3) Unit weights from undisturbed soil samples above elevation 268 (Ref. 4):

Bore Depth | Depth Elev. | Elev. | Dry unit |MoisturefWet unit
Sampla fram to Test . .
hole from to weight |contents| weight
1.D. (ft, (ft, No. o

I.D. (feet) | (feet) MsL | MsL) (pch (%) (pch)
Z-v2-B2U| ST1 6.0 8.0 283.7 | 281.7 1 104.4 | 20.2 125.5
2 105.8 19.8 126.7

3 111.6 | 1641 129.6

Z-v2-B2U| ST2 14.0 16.0 | 275.7 | 273.7 1 111.3 15.7 128.8
2 116.1 14.1 1325
Average 109.8 | 17.2 | 128.6
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4) Triaxial strength test results on undisturbed soil samples above elevation 268 {Ret. 4).

Elev. Elev. Total { Total Eff. Eff.
ﬁg:: Sample 2?5: Ds_;;th From to Friction | Cohe- | Friction | Cohe-
L.D. 1.D. (feet) | (feet) (ft, (t, Angle sion { Angle | sion

MSL) | MSL) |(degree)} (psf) |(degree)| (psf)
Z-2-B2U| ST 6.0 8.0 2837 | 281.7 54.0 300 334 250
Z-V2-B2U] ST2 14.0 16.0 2757 | 273.7 35.0 1,700 30.0 380
Z-\2-B2U{ 5T3 28.0 30,0 | 261.7 | 259.7 | 36.8 250 33.3 50
Z-V2-B2U| ST4 34.0 36.0 | 255.7 | 253.7 | 2686 250 32.0 260

Appendix C provides the laboratory test reports.
3. COMPUTATIONS

3.1 Groundwater Elevation

Ground water elevation was obtained from Reterence 5 (Appendix D) and verified by dissipation
test results. The groundwater elevation at the project site is estimated to be 225 ft, MSL. A
seasonal groundwater fluctuation is estimated to be + 5 feet.

3.2 Unit Weight of Fills

Soils excavated above 268 feet, MSL will be backfilled and compacted. Based on the proctor
test results on remolded samples and the evaluation of the density test results on undisturbed
samples, wet density of the compacted fill is estimated to be 125 pcf.

3.3 Lateral Earth Pressure Coefficients of the Fills

A friction angle (¢) of 30 degrees is estimated for the compacted fill. Based on the review of the
index tests as well as the strength test results, a friction angle of 30 degrees for the fill appears
conservative. Using the friction angle of 30 degrees, the lateral earth pressure coefficients for
the fill are:

Active earth pressure cosfficient, k, = tan®(45 - ¢/2) = 0.33

Passive earth pressure coefficient, k, = tan’(45 + &/2) = 3.0

At-rest earth pressure coefficient, k, = 1 - sin(¢) = 0.5

3.4 Subgrade Modulus

The subgrade modulus is a problem-specific observed result and is not a soil property. The
subgrade modulus depends on the size of the loaded area and needs to be properly evaluated
in each particular application. This calculation provides subgrade moduli fo be used for the
following two types of applications:

(1) Leading over large areas:

Reference 7 provides the modulus of subgrade reaction using the settiement data from the
Vitrification Building, a rangs of subgrade modulus ks between approximately 13 and 21 pci
were calculated. Since the proposed vault is 28 percent wider than the Vitrification Building,
subgrade modulus for computing the elastic settlement of the proposed vault would be less.
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Based on settlament data from large struclures a best estimate range of subgrade modulus ks
is betwean 10 to 20 pci. However, these values should not be used for point Joads or smaller
loading areas when the soil elastic deformation is limited within a shallow depth. For example,
using the above subgrade modulus, an over-conservative immediate settlement of 1 to 2 inches
would be calculated for a parked H-20 truck.

(2) Loading over smaller areas:

During the design of the slab, when the stress of a slab is computed, the size of the ioaded
area under the siab is computed simultaneously. The loaded area is relatively small, no more
than several feet (Ref. 8, pp. 247). The elastic deformation of the soil reaches to a shallow
depth only, Elastic properties of deep soil do not affect the subgrade modulus used in this type
of computation, neither the stress of the slab.

Subgrade modulus for soils at elevation 268 feet, MSL will be used to design the foundation of
the vaults, Subgrade modulus at the project site was estimated based on solil classification,
CPTU tip stress and friction ratio, as well as SPT blow count and CPTU tip stress.

Based on the soil classification at the project site, majority of the soils are SC. The range of the
subgrade modulus is between 200 and 250 pei (Ref. 6 and Appendix E). ’

Average CPT tip stresses and friction ratios betow the proposed foundation elevation were used
to estimate the subgrade modulus (Ref. 6 and Appendix £). Average values of soils
considering varicus thicknesses below the proposed foundation were used. The estimated
subgrade moduii are:

I Thickness Range Average Average Average _100R Subgrade
below of Tip Stress | Tip Stress | Friction ratio) & ' Modulus
Foundation | Elevations Qa Qo Ry (KPa/%) K._
(feel) (Feet, MSL) {tsf) (kPa) (%) {pci)
10 268 to 258 110.6 10,594 1.72 61.6 246
20 268 to 248 122.9 11,772 1.36 86.6 252
- 30 268 to 238 120.5 11,642 1.10 104.9 256
40 268 to 228 155.5 14,895 1.14 130.7 263
50 268 to 218 147 9 14167 1.24 1142 258

Average SPT biow counts and CPT tip stresses were also used to estimate the subgrade
modulus (Ref. 6 and Appendix E). Measured blow counts were converted 1o energy-correcled
blow counts Ngss, corresponding to 55% of input energy using:

Nss = (ER/55) Nuzasuren
where ER, the energy ratio per ASTM D 4633, is 76% (Appendix B).
Subgrade moduli estimated based on average blow counts considering various thicknesses
under the proposed foundation are:

[ Thickness Range |Average Tip[Average Ti Subgrade
below of? St rgss g St rgss P Bf:fggfm q:/100Nss Mogmus
Foundation | Elevations Qe Qe N (kPa) K1' |
(feet) (Feet, MSL) {tsf) (kPa) 55 (pci)
10 268 to 258 110.8 10,594 32 3.3 205
20 268 10 248 122.9 11,772 a2 a7 215
30 268 tc 238 120.5 11,642 30 3.8 218
40 268 to0 228 165.5 14,895 32 4.7 244
50 268 to 218 147.9 14,167 31 4.6 241
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Average SPT blow counts were also used based on the following relation (Ref. 8):

k1 =6N .
where K, is the subgrade modulus in tsf. Based on average Nss using Ngg of 29, k, is computed
to be 201 pci. Based on soil classification, CPTU tip stress and friction ratio, SPT blow count
and CPTU tip siress, as well as SPT blow counts the range of subgrade modulusfora 1" x 1°
plate, K, is betwaen 200 pei to 260 pci.

Based on the above computation, the range of k. is between 200 and 260 pci. To find

subgrade modulus for a 30 inch plate as required by the ACI code (Ref. 9) the following
equation is used:

ks = [(B + 1)/(2B)® K,
where B is the width of the load (30 inches or 2.5 feet in this case). Therefore,
ks = 0.49 k,
Using the ACI Code for design, the range of subgrade modulus, Ky (i.e,, subgrade modulus for

a 30 inch plate) is between about 100 pci to 130 pei. This applies to point icads or loads on
smaller areas.

3.5 Bearing Capacity

The allowable bearing capacity for the proposed and existing structures were calculated based
on modifications to the general Terzaghi bearing capacity equation (Ref. 6):

qU = chSch + 1’28Y‘H N’f ST D-, + YDD Nq Sq Dq
Where N, Ng, and N, are the bearing capacity factors; S, S,, and S, are the shape factors; and

D., D, and D, are the depth factors. It should be noted that the allowable bearing capacities
given within this section does not consider the setllement.

Using the general equations for these variables as given in the reference; conservative soil
properties of ¢ = 32°, ¢ = 50 psf, and ¥ = 120 pcf; and dimension D =0, B =L = 133 feet:
Ng=cot ¢ (N, - 1) =35.49

Ny = 6™ 127 tan? (n/4 + ¢/2) = 23.18
N, = 2(Nq + 1) tand tan (/4 + $/5) = 37.85 ,
Using the equation for bearing capacity factor N, suggested by Hansen in 1970:
N, = 1.5(Ng - 1) tanp =20.79
In calculating the bearing capacity, the smaller N, of 20).79 was use to compute the bearing
capacity.
Shape factors S, Sq, and S, are:
Se=1+{B/L){N;/N;} =1.653
Sq=1+(B/L}tan ¢ = 1.625
§,=1-04B/L =06
Depth factors D, Dy, and D, are:
D.=1+04K=1.000
Dg=1 + 2 tan ¢ (1- sin ¢)* K = 1.000
D, = 1.000
where K=D/B iiD<B
K=tan'(D/B) fD>B
For this site, the groundwater table is at an elevation below the foundation but within the

influence zone of some of the foundation system. Therefore, based on the reference, a
tactored value of the unit weight, termed the effective unit weight, should be used in the
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portions of the general equation affected by the groundwater table. In cases where the
groundwater table influences the failure zone, the effective unit weight is given by:

YH = Yusus + Tw *(Zw/2°B)
where: yusus = submerged soil unit weight

Yw = unit weight of water

Zw - depth from foundation to groundwater table
A factor of satety of 3 is used to compute the allowable bearing capacity Qa:

Ga = Qu/3 = 20 kst
Therefore, the soil at elevation 268 feet, MSL will be able to support the foundation pressure of
3,500 psf with sufficient factor of safety.

4. RESULTS AND CONCLUSION

The results are sumrmarized as follows:

e Average groundwater table elevation is 225 feet mean sea level with seasonal
fluctuation of = 5 feet. Areas of perched water can be expacted to occur above the
groundwater table elevations.

e Wet density of the fill is 125 pef.

Lateral earth pressure coefficients for the fill are:
Active earth pressure coefficient, k, = 0.33
Passive garth pressure coefficient, k, =3.0
At-rest earth pressure coefficient, k, = 0.5

+ Modulus of subgrade reaction k. depends on the size of the loaded area; 10 to 20 pei for
the full 150 ft diameter foundation and 100 to 130 pci for & 30-inch diameter plate.

« Soils at elevation 268 feet, MSL will support the foundation pressure of 3,500 psf with
sufficient factor of safety.
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Appendix A CPTU Report

Applied Research Associales, Inc. Dale: 12/Apr/2005
’ Sauth Royalton, VT 05068 Test ID: ZV2-CP5
\’ 802-763-8348 Northing: 77192.0

cpt@ned.ara.com Easting: 67008.0
WWW . ara.com Elevation: 287.0
Sleave Stross Tip Strass COR Ratio COR Pore Prassure
10 (ish) 0 (tsf) 600 o (%) 6 0 {1sf} 10
300 . — . r e T T——— 300
. “x.
270 - r .. - -1 270
240 |- %— % — 240
= .
- T 12271
210 |- - 2ot 210
j
5 .
2 180} -, 180
u /25
2 o - - - o -1
i
o N ad - o -1 - I
150 - -] - - = — 150
120 - T . — 2 = 120
90 - -1- — — — - — 90
60 LU T T Y 1 1 . 1 i X i i i A A T B T W 60

Maximum daplh: 11403 (#)
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Pressure {psi)
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Appendix A CPTU Report

Savannah River Site
2V2.CP5
Applied Research Associates, Inc.
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April 12, 2005

v/

Time (sec)

Sheet 11




Elevation (ft)
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Appendix A CPTU Report
Applied Research Associates. Inc. Date: 17May/2005
South Royaltan, VT 05068 Test ID: ZV2-CP6
802-763-8348 Northing, 772930
\ ’ epi@ned.ara.com Easting: 66929.0
WWwW.ara.com Elevation: 283.0
Sleeva Stress Tip Streess COR Ratio COR Paro Prassure
10 (tshy 0 (sl GOO 0 %) 6 0 (tsfy 10
Ry R S — —_ v . et 300
L= T
270 - . e im v - 270
s
3
240 |- f‘g — - ~{ 240
230 iy
h 2203 = .
i | =~ |
22 i
2107 - — - 210
i i
J L s
n&z 3 s A
180 = 175’—%— —{ 180
~ T r r '
150 - -+ - — — - 150
i1 | L
120 |- —+ — — = -1 120
i 1 i |
90 | -+ - - ~ - 90
I I
golittadaa " ) 1 i n Lt 1 iy iyt 60

Maximum depih: 107.05 {h)
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Appendix A CPTU Repor

Applied Research Associates, Inc. Date: 16/May/2005
South Royalton, VT 05068 Test ID; ZV2-CP7
802-763-8348 Narthing: 77282.0
\ cpl@ned.ara.com Easting: 870820
L WWW.ara.com Elevation: 279.4
Slceve Siress Tip Stress COR Ralio COR Pora Pregsure
10 {tsl) ¢ (tsf) Gan ] (%) - B 0 (tsF) 10
300 rr1—r—— —_—— : e — ey 300
270 |- ‘-"?"_- __,l;r“'? T = - 270
i [ IR | .
240 |- ~t - = - - - - 240
T ‘
L o= 1 I | ! | 1
< e z23|/ }
E : T i A o
i
210 ;1\ 12a7 = 210
e I -
= | {1 < y 3 J
= =
§ < i
§ 180 i o i 2b 180
PoT==" 4
180 = —]-' -1 — T — —1 158
| 1 i | ] | i
1 1 : . ]
120 |- -+ . - - ~ - 120
50 — —+ = — — = -1 90
- - :
60 | S T N R S - F—— i’ 5 Ll - i L 1 i 1 . ok A 2 1 3 2l 1 60

Maximum depth 109.63 (k)

e Py
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Appendix A CPTU Report
Applied Research Associates, Inc. Date: 16/May/2005
South Royalton, VT 05068 - Tesl ID: ZV2-CP8
802-763-8348 Northing: 77359.9
\’ cpt@ned.ara.com " Easting: 66983.0
WWW.Ara.com Elevation: 278.8
Sleeve Stress Tip Stress COR Ratiw COR Pore Pressure
10 (s 0 (tsf) GO0 0 %) 6 0 ttsf) 10
300 |||| R n i 5 T T T v - LI 300
270 |- " 270
‘5-___

240 |- = ~ 240
210 F = = 3 210
- B .L_:ha__.

180 |- - = =1 180
; ——
= | — e e———— P

- | [ i B

150 - — — - - 150
- h i 1 1

120 |- - - = - - 120

90 —+ — — — — -] 20
- -+ - o L
60 | N Y WP I S O 1 A . L I L A L 1 U A N D . 60

Mexirmum depth- 113233 {fy
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Appendix A CPTU Report
Applied Research Associates, Inc. Date: 11/May/2005
South Roevyalton, VT 05068 Test ID; ZV2-CP9
802-763-8348 Northing: 77483.0
\’ cpt@ned.ara.com Easting: 67019.0
WWW.ara.com Elevation: 275.3
Sleeve Stressy Tip Strass COR Ratio COR Pore Pressure
c 10 {1sf) n (tsf) 500 a (%) G Q0 (ts?) 10
300 - ———r Tr—T 300
270 + — - b e 270
= :;; == -
o ] Es i - - —
5
| 1
i T ] ] r ]
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L | M;E p
180 | 4 - 180
: I 1266
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B ] L ]
E A
: i 8
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L 1 l . A ﬂ _llJIlJl “60
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Appendix A CPTLU Report

Savannah River Site
ZN2-CP9
Applied Research Associates, Inc.
2 - - ot R
18|
17
15'} Depth: 62.011 Feet :

P. 7.21 psi | U;
15 May 11. 2005 .
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Appendix A CPTU Report

Appled Research Associates, Inc. Date: 13/May/2005
$ South Royalton, VT 05068 Test ID: Zv2-CP10

802-763-8248 Northing: 77470.0
cpt@ned.ara.com Fasting: 66880.0
Www_ara.com Elevalion: 279.0
Sleave Siress Tip Stress COR Ratic COR Pore Pressure
1 (tsf) 0 (1s1) GOoo ¢ (%) 6 3] {1sf) 10
300 T T - T T T T 300
270

270

240 r- 240

210 |- 210

180 180

Elevation (ft)

150 |- + - — - = - 150

120 |- -+ - - - = - 120
- —+ 4 - L

oo |- -1 - - - - ~{ 90

Lt
GO Lt iie 1 I i . P S S | L adad ga

Maximum depth: 103.07 th}
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Appendix A CPTU Report
Applied Research Associates, Inc. Date: 18/May/2005
South Royalton, VT 05068 Test ID: ZV2-CP11
802-763-8348 Morthing: 77191.0
\’ cpl@ned.ara.com Easting: 67145.0
WWW_ara.com Etevation: 283.0
Sleeve Strass Tipy Sirness COR Ratio COR Pora Pressure
10 (IsF) 0 tsf) G500 o] (%) 6 0 (1sf) 10
300 rrrrr - T r—r-rrrrrrr 300
280 - - - z80
< - r T = S -
"L.‘._ i - e —— e —] . _:
| r.“.'i';_ I e ] .4_5—______‘ ) [ i
Z < h—— -
260 |- - ¢ - - - -1 260
3
;)\
L P P o i
A 5 -
3. -r_;j L L
240 |- 4 = - - 240
-+ -4 r— -5 - .
220 - -+ - - - - 220
200 |- -1~ - — — = -1 200
180 |- -1 — — - - — 180
> -+ - - E - B
180 + -+ — — — — - 180
14011-11--|1 1 Il L J — J N TV G A B B 140

Maxmum depih- 4

0.10 (1)
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Appendix A CPTU Report

Applied Research Associales, Inc, Date: 12/Apri2005
South Royalton, VT 05068 Test 1D: ZV2-CP12
802-763-8348 Northing: 77145.0
\ ’ cpt@ned ara.com _ Easting: 66983.0
WWW . ara.com Elevation: 289.7
Sleeve Swrress Tz Stress COR Ratio COR Pore Prossure
10 {tsf) o} (1s£) [Hsl¢} 0 (%) 3] 0 (tsf) 10
300 rr———rrr v v . — r T ———y 300
T2, — -
1 = | {270
PEN -
=] “Eq - ]
240 |- -+ - . -4 r — 240
L 1 I ’. 4
210 - -1 . - - : -4 210
5 i h i ] i
c
2 180 |- -+ — — - - 180
2
2 L 1 4 | 4 L il
a
L 4 . ! J |
150 |- —- — - — = — 150
L + ﬁ u d | i
120 |- -+ — L - - — 120
90 + - — — — —-{ 90
60 R I BN - | A i ) . 'l L ;I N R N E I Y ' 60
Manimum depth: 40.19 (i)
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Appendix A CPTU Report

Applied Research Asscciates, Inc. Date: 12/Apr/2005
South Royalton, VT 05068 Test ID: Zv2-CP13
802-763-8348 Northing: 77324.0
’ cpt@ned.ara.com Easting: 66895.0
WWW.ara.com Elevalion: 286.2
Slecve Siress Tip Stress COR Ratio COR Pore Prassure
10 (&h Q {ts1) 600 0 (%) & ) s 10
300 r——rr—r . — — ™ . 300
R | == F
< Prig T ==
270 |- j—— \z Hf’ - - 270
240 —+ . S - 240
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< .
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1] .
2
o L 4
w
150 —+ — ~ — F - 150
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1 4 L .| ! 1
90 |- - -} - - - 90
60 FU T TR R L 1 1 1 L J E U W | [P TS BT 60

Maximum depth: 40.07 (L)
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Elevation (ft)

Sheet 21

Date: 18/May/2005
Test ID: ZV2-CP14

Northing: 77381.0
Easting 66858.0
Elevation: 280.8

Applied Research Asscciates. Inc.
South Royalton, VT 05068
802-763-8348
\’ cpl@ned.ara.com
WWw.ara.com
Slecve Streoss Tip Stross COR
10 (tsf) 0 {ts!) [ 31e]
300 v+ T T T
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Appendix A CPTU Report

Applied Research Associates, Inc. Date: 16/May/2005
Soulh Royalton, VT 05068 Test iD: ZV2-CP15
\’ 802-763-8348 Northing: 77270.0

cpt@ned.ara.com Easting: 67020.0
WWW.ara.com Etevation: 281.7
Sieove Slress Tip Stress COR Ratio COR f*ore Prossure
10 (tsh) 0 (tsf) 600 ¢] (%) 6 0 {1sfy 10
300 - v r . e 300
.;S '1_.._:,' TR r
270 T e > . 270
240 |- }a» %"\ = - -1 240
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g i
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10 R W RUER BR A I ] L 1 Y — IS N S W I O 60

Maximurm depih 143 58 (f)
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Testedby: H}  Reviewsd by: IW
" {po specification provided) .
Sample No.: Beag Source of Sample: TP-1 Date: 5/12/05
Locatlon: TP-1 Elev/Depth: 10 Ft.
G T t' CHent: Westinghouse Savannah River Company T
eo es Ing Project: Saltsteme Vault #2 Bulk Sampleas
Task Order Nomber 13 Contract No. ABBO18&N
Express INC. | projectno:_omxcom Figurs
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Tested by: HJ  Reviewed by: TW
i (no specificstion previded)
Sample No.: Bzg Source of Sample: TP-1 Date:  5/12/05
Locatlen: TP-1 Efev./Depth: 12 Ft.
G T t- Cllent: Westinghouse Savannsh River Compamy
eolestling Project: Salistanc Vault #2 Bulk Samples
Task Order Number 13 Contract No. AB3013EN
Express Inc. Project No: _GTX GO&21 Flgurs
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SIEVE PERCENT SPEC” PASS? Soll Descriotion
SIZE FINER PERCENT {X=NO) Tan Brown Clayey Sand
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#20 974
ptd ne Afterbera Umits
na | ot
g Yii
Dgs= 0.511 go= 0-274 Dgp= 0.210
Dag= 0.0673 Dy5= Dyg=
Cy= Ce=
ggggi]]%gn
uscs= HTO=  A-2-4(0)
 Remarks
Tested by: BI  Reviewed by: JW
T{wtp@ciﬁuﬂmmﬁdﬂn
Sample No.: Bag Source of Sample: TP-2 Date: 5/12/05
Location: TP-2 Elov/Depth: 4Ft,
G T t' Clignt: Westinghousc Savannah River Company
eo es lng Project: Salistone Vault #2 Bulk Samples
Task Order Number 13 Contract No. ABBO12EN
Express Inc- Project No: GTX G081 Figure
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#4 100.0
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234 501 Alterberg Limits
e gongen
. i)
Dgg= 0.496 = 0.25 Dsa= 0.168
D3p= 0.0022 Dis= Dyo=
Cu= Cc®
uscs= ﬂSHI@ A-4(0)
Remarks
Tested by: ) Roviewed by: JW
¥ (no specification provided)
Sample No.: Bag Source of Sample: TP-2 Date:  5/12/05
Locaton: TP-2 Elov.Depth: & F
[ Client: Woestinghouse Savannah River Company
GEOTeStlng Project: Saltstone Vauli#2 Bulk Semples N
Task Order Number 13 Contract No. ABS0188N
Express inc. Project No: GTX GO321 Figure
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G Ce=
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. Remarks
Tested by: HJ  Reviewed by: JTW
¥ (o specifieation prenvided)
Sample No.: Hag Source of Sample: TP-2 Data: 5/12/05
Location: TP-2 Elov./Dapth: 8 Fi
G T t- CHont: Westinghouse Savannsh River Company
eo es Ing Project: Salistone Vaukt #2 Bulk Samples
Task Order Number 13 Contract No. ABBO1BEN
Express INC. | ewpctne: omxcom Figurs




Calculation No. K-CLC-Z-00006, Rev. 0 Sheet 44
Appendix C Laboratory Test Reports

Particle Size Distribution Report ASTM D422/ASTM D1140
£
3 £ g3 53 c% T g B¢
b |! il: !|||| : | I |;I I |'I ||||I
b Gy h { I ji |- 11 1 | :
90 T § ™4 " i :a borpr-—d e 'y T -—
i i E| Cledy !_il L 1 ERRH P
sl ey i : 1 o |
8o ! it i il' | H t T I "
il [ep 1 J 1 H i [ H
P I D I (I I O A i T | T 1 .
i (T I Y [ | A | !
x (. o I :x i flp t
w 60+ IR e - |- st ot
E | ‘; I AR | i I\\I\ 1o : "
e . 13 . b 1l 0 -‘If t [I
Z o1 T =TT 17 D T 1Ty T T
Q ‘ TS I N I (3 i b \s it
] [l A+ | ! (I LD DL
o 40 | [+ b o T iff:qt : i
: e sy I 1 1 ofrt oy
301 4 b i i ' | ]_ | L l 1
I I N N R I I I qa e 4N
! | S S I '| (B A ?~~"‘"C\J
20 ¥ T T T Bj '] B LSRR s -
: i I I I I it el =N
Phr e o i 'J-.‘ R T ~~
10 (] i! Tl II ] it e e |
{ NP I (N R I T O B A1
[+] R L N T e ) Loy ;
500 100 10 0. 0.09 0.001
. GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % 8ILT % CLAY
Q0 0.0 T44 7.0 1R.6
SIEVE PERCENT SPEC.* PASS? Soil Pescrintion
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Uscs= Mgl-f}’0= A-2-40)
Remarks
Testedby: HI  Revicwed by: TW
’ {no specification provided)
Sample No.: Beg Source of Sample: TP-2 Date: 5/12/05
Location: TP-2 Elev./Deopth: LOFt
G T tl Cllent: Westinghouse Savannzh River Company
eo es lng . Project: Saltstone Vault #2 Bulk Samples
Task Order Number 13 Contract No. AB30188N
Express INC. | ewectno:_omxcon: Figare
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. Remarke
Testedby: i  Revicwed by: JW
* {no speeification provided)
Sample No.: Bag Source of Sample: TP-2 Date: 5/1245
Locatlon: TP-2 Elov./Depth: 12Fi.
G T t- Client: Westinghouse Savannah River Company
eolesing Profect: Saitstone Veult #2 Buik Samples
Task Order Number 13 Contract No, ABEO188N
Express Inc. Project No: GTX GOB21 Figure
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Particle Size Distribution Report ASTM D422/ASTM D1140
E
s £ H L - g8 g
i £ 55 f3 ® g gg§ g §¢8
100 rl | 1, |||l P TI ' ”a :I !\ 1 !!I}i'i [;.l ;
P C o ke i 1 !|'|;;| Hi-e
Boi-ix-y : ’_hT T . 1 jﬂ , 1 1 T t | [ L po—
1 IHEEEN: i 11 LR li! | ' .
a0l g1 s ! ! h HIRE afle! g |
I ‘I : ] NN i 1 1N B I I “'i 1 1
| I [ O R | | ] | |\| i sh’:.. U
nl 4_,4_ . ) 14 I ;- ; N ] i iy L[ —-
| T b RS ] - :
" IR s |\.,f||.l \
W 60— ik +— i H—Ty——t - b
= i r ' N Y . i
L B L LN il
g fiamiins IREOAN HHE
] | H
o i HE . i .
bt L | [ A (I | ) by Vel ooNHEE, 1
a H RN N ) ! Wiy I
] 1 I [ A (R i it I 4[]
30 . } 3 I 4 Il - I } —t » —y—
A e i | i ol N I
. el b T
| BIEEER' [ h forefor gt —c
: i u U I i b g
e ! [ N I ! I IR EEEUIE
¢ /I I R T I | 1 ! (I I A T| I ] i
1] l L JL (1 | L I iL il 1 1 l d i : lx
500 00 10 1 (%] o010 0.661
GRAIN SIZE - mm
% COBBLES % GRAVEL % SAND % SILY % CLAY
0.0 02 70,3 9.9 194
SIEVE PERCENT SPEC.* PASS? escrl
SIE FINER PERCENT | (XuNO) Brown Clayey sand
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g cl
#200 .3 ‘ Dps= 0.792 DMJ%n.;F 027 Dgg= 0.176
D3p= 0.0781 Dqs= Dyp=
cu= CC=
. lags! n
UsCs= sC AA 0= A-2-6(2)
Romarkg
Testedby: W Reoviewed by: HJ
" {np specification provided)
Sample No.: Bag Source of Sampla: TP-1 Date:  5/26/05
Locatlon; TP-1 Composits Elev.Depth: 2-121t
G T t' Cllent: Westinghouse Savannsh River Company
€O 1 eSTING | rroict sulistono Vault #2 Bulk Samptes
l Task Order Number 13 Contract No. AB30188N
EXEress n C. Projact No: GTX GO821 Figure
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Tested by: JW Reviewed by: HJ
] n - :
{na specification providad)
Sample No.: Bag Source of Sample: TP-2 Data: 5/26/05
Location: TP-2 Compasite Elev/Depth: 4.12 1t
] . Cllent: Westinghouse Savannah River Company
GQOTeStlng Projact: Saltstone Vault#2 Bulk Samples
l Task Order Number 13 Contract No. ABS018&N
Express INC. | et no:_smicos Figurs
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Dry density, pcf

COMPACTION TEST REPORT

Project No.: GTX Go821 Date: 5/2a/08

Project: Saltsione Vault #2 Bulk Samples
Task Order Number 13 Contracl No. ABEJ 188N

Locatlon: TP-1 Composite

Elev./Depth: 2-12f Sample No, Bag
Remarks: Tcsicd by: S8 Reviewed by: HI

MATERIAL DESCRIPTION
Description: Brown Clayey send

Classgifications - USCS: sC AASHTO: A-2-6(2)
Nat. Molst. = Sp.G.» 27

Ligudd Limit = 38 Plasticlty Index = 21

% >»Nod= 02% %<No200= 293%

TEST RESULTS

Maximum dry density = 124.2 pef
Optimum moisture=[02%

140 AVA Test specification:

N
130 A%

\\ N \ ASTM D 1557-91 Procedure A Modified
™ ‘\

120 v g N 100% SATURATION CURVES

, N FOR SPEC. GRAV. EQUAL TO:
F o | NN 2.8
' AN 27

110 N 28

100

90

70

7y

y I/
7

Y ]

i'd4
.74

1} 5 G 15 20 25 30 a5 40
Water content, %

Figure

Sheet 50
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COMPACTION TEST REPORT
Project No.: GTX GD821 Date; 5/24/05
Project: Saltstone Vault #2 Bulk Samples
Task Order Number 13 Contract No. ABBOIZSN
Location: 7TP-2 Composite
Elov/Depth: 4-12 £ Sample No. Bag
Remarks: Tesied by: 55 Reviewed by HS
MATERIAL DESCRIPTION
Description: Brown Clayey sand
Classifications - USCS: SC AASHTO: A-246({1)
Nat. Molst. = Sp.G.= 2,70
Liquid Limit= 39 Plasticity indexs 19
% > No.d= 0.0% % <No.200= 239%
TEST RESULTS
Maximum dry density = 123.4 pef
Optimum moijsture = 10.7 %
140 NN Test specification:
B, ASTM D 1557-9]1 Procedure A Modified
NN NONIN
\L \
N
130 \\ h,
hy ‘\
W.N
N W
P ol Y
120 N ™\ 100% SATURATION CURVES
FOR SPEC. GRAV. EQUAL TO:
o™ 2.8
K \\ 27
T 110 < 28
=2 b
b RN
5 EANSAY
& 100 N R
'\1\k Mol ~
P
"~ Ny
80 -
—
-._‘\
-
S
80
70
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Figure
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Qo R E TRIAXIAL SHEAR TEST REPORT
e e { ASTM D 4767 ) -88 4“
kT AN
R /120
JOB NAME: Saitstone Vault # 2 Task 8 CONTRAGT AD 80187N . SPECIFICATION X-SPC-G-00013 REVE
JOBNOD.: 24150-H |REPORT NO. ; N/A REVIEWED BY : DATE: 6/17/05
BORING/PIT ND.: Zv2820 |DEPTH /ELEV. : 6'-8" SAMPLE NO . : ST1 |TYPE: yo
SAMPLE LOCATION: A/A
SOIL DESCRIPTION : Orange brown clayey sard.
LL, % : 43 Tev o : 24 | FINES, % : 40 |Gy 2.70
SPECIMEN PROPERTIES TEST PARAMETERS , TESTTYPE : CU/FPP
INMAL AFTER CONSOLIDATION |SPECIMEN NO. 1 2 3
SPECIMEN NO. 1 2 3 1 2 3 |BValue 055 | 0.05) 095
DIAMETER INCHES | D, | 283 | 288 | 288 | D, | 287 { 266 | 286 |BACK PAESSURE, kot Uy | 1ar j a1} 104
HEIGHT | INCHES Hy, | 590 | 584 | 584 | H, | 5881 567 | 580 |CONFINING PRESSURE , let oy | o5 | r1] 1z
WATER CONTENT, % W, | 202 | 195 | a1 ] W, | 227 { 209 ] 178 [MAX. DEVIATOR STRESS kt_|01-03] &0 | 88 | 169
BRY DENSITY.PCF | yoro | 1044 1058 | 11168 yauo | 70551 10771 1129 [ULT. DEVIATOR STRESS  tat [0,-04 60 | 82 ] 169
SATURATION % B, |2a9| 901 |aso] S, 1 100 ) 100 ) 100 |Specimen Shape &
VOID RATIO e, | 0615 | ases ] 05rs 0.599 | 0.565 } 0.480 |Failure
CONTROLLED : Stain @ 0.44 % per minute T50, Minutes = 0.9
A
WA
SHEAR TOTAL EFFECTIVE _
STRENGTH COHESION , C (wof) 0.30 |APPARENT COHESION kef) : 0.25
PARAMETERS [ANGLE OF INTER. FRICTION, & DEGREES ) : 54.0 | ANGLE OF INTER. FRICTION, ¢' ( DEGREES) : 33.4
105 -—-- P e
9{ /- MOHA /'~ DIAGRAM — -~ TOTAL STRESSES
8i ’ e T EFFECTIVE STRESSES
w 1 -~
g2 7! - Ta reesas p'q STRESS PATHS
g s ~N
51 .
4] S
% ] \
2 |
; t . :
P 1 !
o+t —— b ———r : o —
6 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 12 19 20 21 22 23 24 25 26 27 28 29
PRINCIPAL STRESS , KSF
2 T e e e e =¥ g
18 R IRESSTRTHAINGCERYE """ SPECIMEN3 5
%16 == sPECMEN 2 |5
- 14 = =
§ 12 r - = = SPECMEN1 H
; 10
. =5
g ¢ =
¢ - = b was
& ¢ = .
& 2 : } T =
01 = 4 + + T - = —
14 6 1
0 2 4 6 B wBawn "2 1 8 20
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QO RE TRIAXIAL SHEAR TEST REPORT ——-—Il
rmeae i e (ASTM D 47567 ) -B8 qh‘
Saltsione Vault # 2 Task 8 GONTRACT AG 80137M sPec-FJcAT»:::::c-awmsnsva

% E?I'RNN

24150-H |REPORT NO. : REVIEWED BY : DATE: 6/2305
: Zv282U |DEPTH/ELEV.: SAMPLE NO. : 5Tz TYPE: [9/2)
ISAMPLE LOCATION : N/A :
SOIL DESCRIPTION : Red brown and purple clayey sand.
b % 42 | 23 | FINES, % : 39 |G,: 2.70
SPECIMEN PROPERTIES TEST PAFIAHETERS, TEST TYPE CU/PP
INITIAL AFTER CONSOLIDATION |SPECIMEN NO. 1 [ 213
SPECIMEN NOD. 1 2 3 1 2 3 |B value 09 |og9s] °*
DIAMETER, INCHES | D, | 289 | 2848 . D, | 288 | 287 - |eACK PRESSURE, it U, | 101 | 101 *
HEIGHT , INCHES H, | 590} 583 4 H, | 58] 590 *  |CONFINING PRESSURE , lout o; | a9 |27 ]
WATER CONTENT, % W, | 157 ) 14ir . W, | ras] 158 *  [uAX. DEVIATOR STHESS kst | 0400l 85 | 140 -
DRY DENSITY, PCF o3 rrgr] - lvpclreze] niso] - luLt. beviaTon sTRESS 1t |0y-0a| a5 | 32| -
SATURATION % Sy |a29lese] - | S | rop] s00] - [Spacimen Shape @ ukpoc
VOID RATIO e, |asir]odaa]| - e losoglos6] - |Falure *
CONTROLLED : Strain @ 0.15 % per minute TEQ, Minutes = 26
Note & * Due to limitad sampls recavary. Only two specimans were 1gsted &s requesied by SAS.
Nots : Strength parameters were estimated as requested by dent based an two .
SHEAR TOTAL EFFECTIVE
STRENGTH COMESION, C_ (kst) : 1.70 JAPPARENT COHESION, (kat) : 0.38
PARAMETERS |ANGLE OF INTER. FRICTION, & DEGREES ) : 350 ANGLE OF INTER. FRICTION, 4" { DEGREES) : 30.0
10 . ro——— .? S P e
9 ‘/.-' HOHH"[,p'li] DIAGRAM =+ - TOTAL STRESSES
8 Pid o EFFECTIVE STRESSES
w .
g - ceeen- -G STRESS PATHS
6 1 o
5 ~\
o 5
& 4
g o
v ZJ," "'-..
- ;
0 L — =t et T . —r—r
0t 2 3 4 5 6 7 B 9 10 v 12 13 14 15 15 17 18 19 20 21 22 23 24 25 26 27 2B/ 29
PRINCIPAL STRESS , KSF
20 ; —— ¥ ——— T —
8 TREN GOV SPECIMEN 3
§ 16 SPECIMEN 2
- 14 =
. g 12 SPECIMEN 1 =
N4 10
g ¢ =
E 4
e 2 t =
PR ===== : + =t
0 2 . [ 8 12 14 16 18 0
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QO RE ' TRIAXIAL SHEAR TEST REPORT
(ASTMD 4767 ) 88 4h‘"
AEVA_ 11 30 il
JOB NAME: Salistone Vault # 2, Task 8§ CONTRACT AB 80187N ., SPECIFICATION K-SPC-G00013 REVS
JOB NO.; 24150- |REPORT NO.: N/A REVIEWED BY : DATE: 8/10S
BORING /PIT NO. : Zv2g2y |DEPTH/ELEV. : 28-30' _JSAMPLE NO. : ST3 |TYPE: up
SAMPLE LOCATION : _A/A
SOIL DESCRIPTION : Orange brown clayey sand.
LL, %: 38 [Pi, %: 20 | FINES, % 16 [G,: 2.68
SPjECIMEN PROPERTIES TEST PEAMETERS,TEST TYPE : CUIPP
NITIAL AFTER CONSOLIDATION [SPECIMEN NO. 1 2 3
SPECIMEN NO, 1 2 3 1 2 3_1B Value 095 1 095] 095
DIAMETER ,INCHES | D, | 285 | 288 | 289 | D, ]| 287 | 287 | 287 |DACK PRESSURE, kot Uy, | 101 | 100} 16.0
HEIGHT , INCHES Ho | 574 | 592 ) 588 | W, 1 572 | 589 | 585 |CONFINING PRESSURE , kef o | 17 {39 6t
WATER CONTENT, %} W_ | 164 { 146 | 146 | W, | 198 ] 194 | 187 |MAX. DEVIATOR STRESS kst | O 03] 62 13.5 ] 183
DRY DENSITY, PCF | Yyno] 707.3] 108.3 ] 1097 | Yuro ] #09.31 170.0) 111.5 JULT. DEVIATOR STRESS , wat 00y 62 ) 135 19.3
SATURATION ,% S, | 7971 722 | 749 ] S, | 100 | 100 { 100 |Specimen Shape @ o =1
VOID RATIO e, | 05511 0544 ]| 052¢4] e, | 0530 0.520] 0507 |Faiure .
CONTROLLED : Sirain & 3.84 % per minute T50, Minutes = 0.11
IN/A
[N/A
SHEAR TOTAL EFFECTIVE _
STRENGTH COHESION, C (%kst) : 025 |APPARENT COHESION, { kat) : 0.05
PARAMETERS |ANGLE OF INTER. FRICTION, ¢¢ DEGREES) 35.8 |ANGLE OF INTER. FRICTION, ¢' { DEGREES) : 333
10— e — -
94 . R { piea " ww. TOTAL STRESSES
" 8 EFFECTIVE STRESSES
8- Sl e pq STAESS PATHS
w 6 '
g
&
30
]
2
ry
.e
0 i . . v v T ——— r r—r——r—r ——
D 1 2 2 4 5 B 7T B 9 i 111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2
PRINCIPAL STRESS , KSF
20 i O e S e e n S T T == T - =
18 T LERESS ST R SPECIMEN 3 =
b s E= S SPECMEN 2 [
- 14 e =
Eﬂ graE = = = SPECMEN 1 E]
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E 10 EESEs =
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Q

TRIAXIAL SHEAR TEST REPORT

PRINCIPAL STRESS , KSF

Q ORE -
{ ASTM D 4767 ) -88 4“
advhTa
YA, AN
JOB NAME; Saltstone Vault #2 ,Task 8 CONTRACT A8 851878 , SPEGIFICATION X-SPC-G-00013 REVA
JOB NQ.: 24150-H _|REPORT NO. ; N/A REVIEWED BY : DATE: 6/17/05
BORING / PIT NO. : Zv2B2) |DEPTH/ELEV.: 34'-36' |SAMPLE NO.: ST4 |TYPE: [#)8)
SAMPLE LOCATION: ArA :
SOIL DESCRIPTION : Tarmish ysiiow siity sand.|
LL, % : N.P. P, % N.P. | FINES, % : 16 |Gy : 2.63
SPECIMEN PROPERTIES TEST PARAMETERS , TEST TYPE cu/pp
INITIAL AFTER CONSOLIDATION [SPECIMEN NO. 1 2 3
SPECIMEN NO. 1 2 3 1 2 3 _|B Value 095 | 095 | 095
DIAMETER ,INCHES | Do { 287 | 269 | 285 | D | 286 | 286 | 266 [RACK PRESSURE, ket U, | 100 | 100 101
HEIGHT , INCHES Hy | 594 ]| 565 | 591 ] H, | 591 ] 584 | 585 |CONFINING PRESSURE , ksf a,' 21 ¢2? | 83
WATER CONTENT, %| W | 774 | 193 | 198 | W. | 242 | 226 | 22.0 [MAX DEVIATOR STRESS kst | ay03] 121 | 174 | 185
DRY DENSITY, PCF | ¥, 99.0 | 101.6| 99.8 | Yune | 100.2] 1029 102.3 JULT. DEVIATOR STRESS , ket | @y-03) 1271 | 174 | 185
SATURATION 5 S, 1 719l a23| 88 ] S, | o | 106 | 100 |SpecimenShape @ Rged
VOID RATIC € {0658 (0615]| 06441 e, | 0697] 0.595] v.605 jFailure |
CONTROLLED : Stran @ 3.64 % par minute T50, Minutes = Q.11
N/A
N/A
SHEAR TOTAL EFFECTIVE
STRENGTH COHESION C [kt :  D.25 |APPARENT COHESION { kef) : 6.26
PARAMETERS _|ANGLE OF INTER. FRICTION, #( DEGREES ) 26.6 |[ANGLE OF INTER. FRICTION, <' { DEGREES) : .0
A0 o e —
9. M. —-—-- TOTAL STRESSES
) g gl i T EFFECTIVE STRESSES
g .|
-] [
a
E 5
g 4
5 ]
2.
1 .’-z"“:;
o - - — ———

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 9

20 ¥ 3 T T =F F —]
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Figure 3 General Separations Area Water Table Elevation
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CALIFORNIA BEARING RATHO - CBR
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Calculation No. K-CLC-Z-00005, Rev. 0

1. INTRODUCTION

This calculation identifies engineering stratigraphic layers for CPTU soundings performed for
the Saltstone Vault No, 2. Engineering stratigraphic layers and nomenclature were based on
previous subsurface investigations pedormed within Z Area. Geclogic formations were
correlated from regional type wells and sediment samples acquired from the SPT borings and
CPT soundings as part of previous investigations as well as exploration completed specifically
for the Vault No. 2 location.

2. INPUT DATA

Subsurface data acquired for the Saltstone Vault No. 2 investigation included six (6) seismic
piezocone penetration test (SCPTU) soundings pushed to the point of refusal, four (4) shallow
piezocone penetration test soundings (CPTU), three (3) standard penetration test (SPT)
borings and, three (3) undisturbed (UD) borings (Figure 1). One of the six SCPTU soundings
(ZV2CP15} was pushed near SPT boring ZV2B1 for the purpose of acquiring data through a
soft interval noted in the SPT boring. The four shallow CPTU soundings were utilized for slope
stability analysis and the stratigraphy for these borings was not interpreted as part of this effort.

3. METHOD FOR DETERMINATION OF ENGINEERING LAYERS

Engineering layers developed for the Salistone Vault No. 2 area followed a scheme previously
used by other investigations in Z Area. Utilization of this same layering provided a means 1o
compare subsurface conditions between investigation sites. A primary S and C designation
was used to divide layers into predominantly sand and clay units respectively. Lavers were
secondarily divided based on clay and silt content. This iayering system was extended to the
Saltstone Vault No. 2 area by correlating CPT curve signatures to SPT N-values and soil
descriptions.

Of most significance beneath the Saltstone Vault No. 2 site is the presence of a thick, soft clay
unit correlative to tayer C2, which was extensively mapped during previous investigations
throughout Z Area. Thus, the top and bottom of the C2 layer were delineated from the seven
deep SCPTU soundings.

4. METHOD FOR DETERMINATION OF STRATIGRAPHIC LAYERS

Geologic stratigraphy (specifically the top of the Santee/Tinker Formation} was determined
directly from the three SPT borings drilled as part of this investigation. The top of the
Santee/Tinker Formation (designated S4) was determined solely for the purpose of the
liquefaction potential analysis. The AMlamaha, Tobacco Road and Dry Branch formations
overlying the Santee/Tinker Formation were not differentiated as part of this study.

The top of the Santee/Tinker Formation was determined visually from soil samples as a marked
change in the gradation, color, mineralogy, and reaction to dilute HCI solution. The gradational
change from Dry Branch to Santee/Tinker formations was noted as becoming more fine grained
while the color bacame more greenish and the mineralogy transitioned from an abundance of
manganese oxide to the presence of calcite (positive HCI reaction) and glauconite.
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5. RESULTS AND CONCLUSIONS

Engineering stratigraphy and top of the Santee/Tinker Formation for Saltstone Vault No. 2 CPT
soundings and SPT borings are summarized in Table 1.

6. REFERENCES

K-CLC-Z-00003, Subsurface Stratigraphy for Salistone Vault No. 4, Rev 0.
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D Surf UTM_E UTM_N Surface PICK_ELEV PICK_DEPTH
oLy
ZV2CPI0 279 430310.52 368522558 top C2 228 3]
" ZV2CPi0 279 440310.52 368522528 bot G2 213 ]
ZV2CPi0 279 440310.62 360522528 top 54 186 B3
| ZV2CP15 281 440380.88 3685204.06 top C2 223 58
ZVZCPi5 281 A40380.88 3685204.08 ~ bot G2 208 73
ZVZCPi5 281 44038058 36BG204.06 “top 54 181 100
ZV2CP5 287 440391.92 3585162.70 top C2 227 B0
ZV2CP5 287 440331 .92 3685182.70
ZV2CPs 287 440301.52 | ., 36865182.70
ZV20PE 283 | 44035433 | ;368519342
ZVZCPe 283 | 44035433 | . 368519342 |  botC2.
ZV2CPe: 283 44035433 | 308519342 | -
ZVaCPT 278 440393 89 368521814
ZVICPT 279 440393.89 3685218.14
ZV2CP7 278 440383.89 3685218.14".
ZVZCPB 570 340355.63 3685010.60 -
ZV2CPa - 278 440355 .63 3685219.50
ZVZGPa 278 440355.63 3686210.50
ZV2CP3 275 440342.44 3685256 .36
ZVeCPe 275 44034244 3585256.35
"ZVZCPD 275 440342 .44 3B85255.95 top 54 168 100
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1. INTRODUCTION

This calculation provides the bearing capacity and static settlement for the Z-Area Vault No. 2
(Ref. 1).

2, INPUT DATA

Input data include:
(1) Facility configurations
Elevation at Bottom of mud mat: 268 feet, MSL (Ref. 2, Attachment 5.4)
Area to be excavated: approximately 250 feet by 400 feet (Ref. 2, Attachment 5.4}
Vault inside diameter: 150 feet (Ref. 2, Section 3.1.2.1)
Vault inside height: 22 feet (Ref. 2, Section 3.1.2.1)
Weight of the fluid Saltstone : 110 psf (Ref. 2, 3.1.2.10.A)
Closure cap thickness: 13 feet to 23.5 feet (Ref. 1, Section 3.2.1)
(2) Stratigraphy
Stratigraphy at SCPTu locations (Ref. 3 and Ref. 4):

Exploratory Ground Contact Contact Contact
Elevation Between Between Between
LD. (feet MSL) 81/2 and C2 C2 and S3 S3 and S4
(ft, MSL) (ft, MSL) (ft, MSL)
Z-V2-CP5 287.0 227 208 178
Z-v2-CP6 283.0 230 212 178
Z-\2-CP7 279.4 223 207 176
Z-V2-CP8 278.8 224 212 184
Z-\V2-CP9 275.3 212 197 166
Z-V2-CP10 279.0 228 213 186
Z-\V2-CP15 281.7 223 208 181

Elevations of area will be excavated: El. 274 ft, MSL northeast to 289 ft, MSL

southwest.

Groundwater elevation: 225 + 5 feet) (Ref. 4, Section 3.1)

(3) Soil properties:

Weight of soil above El. 268 ft, MSL (soil to be excavated and backfill} :125 pcf (Ref. 4,

Section 3.2)

Weight of soil below EI. 268 ft, MSL: 120 pef (Ref. 5, Section 4.0)
Effective friction angle: 32 degrees (Ref. 5, Table 13)
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Effective cohesion: 50 psf (Ref. 5, Table 13)
Energy Corrected average blow count for $1/2 layer: 31 (Ref. 5, Table 8)
Consolidation properties for layer C2 (Ref. 5, Pages 123-124, Table 14):

Sample
No. €o OCR Cc _ C
Z-V2-B1U-ST5 1.378 1.1 0.781 0.102
Z-V2-B1U-ST5a 1.391 1.0 0.725 0.083
Average 1.4 1 0.75 0.09

(4) Settlement Data

Actual measured settlement data was obtained from the Vitrification Building. Settlement and
heave data of the settlement points at the four corners of the building are (Ref. 6, Appendix F):

. North- North- | South- { south-
Location
west east west east
Settiement Point No. 3 18 14 9
Heave after excavation (in) -0.276 0.000 -0.276 | -0.468
Settlement 10 years after construction completion (in) [ 3.234 3.180 1.903 1.680
Total (in) 3.510 3.180 2179 2.148

3. COMPUTATIONS

3.1 Bearing Capacities

This section provides the bearing capacity parameters including ultimate bearing capacity,
allowable static bearing capacity, allowable dynamic bearing capacity, design bearing capacity,
and strength reduction factor. .

3.1.1 Ultimate Bearing Capacity

Ultimate bearing capacity q, is computed using the equations originated by Terzaghi and later
modified by others (Ref. 7} '

Qo= Gc+ Qg+ Qy
where gc = ¢ N:S:D: G
Qq = 4 NgSqDq Gq
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ar=v(B/2) N, 8, D, G,

q is the overburden or surcharge pressure at the foundation base, y is the effective soil unit
weight of 120 pcf, ¢ is the friction angle of 32 degrees, c is the cohesion of 50 psf, and B is the
foundation width of 150 feet. N, Ng, and N, are the bearing capacity factors; S,, Sq, and S, are

the shape factors; D,, D,, and D, are the depth factors; and G, G,, and G, are the inclination
factors.

The bearing capacity factors N, and N, are:
Ng = ™™ * tan® (/4 + ¢/2) = 23.18
N: = cot ¢ (Ng- 1) = 35.49
The bearing capacity factor N, suggested by Chen in 1975 is:
N, = 2(Ng + 1) tan ¢ tan (n/4 + ¢/5) = 37.85
while N, suggested by Hansen in 1970 is:
Ny,=1.5(Ng-1)tan ¢ = 20.79
The smaller N, is to be used to compute the bearing capacity
The shape factors S, Sy, and S, suggested by Hansen are:
Sc=1+(B/L)(Ng/N.) = 1.653
Sq=1+(B/L) tan ¢ = 1.625
S,=1-0.4 B/L = 0.600
The depth factor;.s D., Dy, and D, suggested by Hansen are:
Dq = 1 + 2 tang (1- sing)® k = 1.000
De = Dy — (1 - Dg)/(N, tan ¢) = 1.000 for ¢ > 0°
D, =1.000
where k=D/B (D<B)
The inclination Factors G, G,, and G, are 1.0 for this calculation.

Since the distance z,, from the foundation to the groundwater table is less than the foundation
width B, the effective unit weight of the soil below the foundation base is taken as:

Y=Y + (Ym-Y)zu/B
For this evaluation, vy, is considered to be 120 pcf.

where Y is the submerged unit weight and v, is the moist unit weight of soil. Furthermore,
since the width of the foundation is larger than 6 feet, a reduction factor of (Ref. 8).

r,=1-0.25log (B/6) = 0.651
is applied to the component of the ultimate bearing capacity, g,.
The components of the ultimate bearing capacity are:

gc = ¢ N 8¢ D G = 2,833 psf

Qq = 9 Ng8q Dq Gq = 0 psf
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Qy =Y (B/2) N, S, D, G, = 45,931 psf
The ultimate pressure applied to foundation to cause a bearing failure is:
Qo = Qc + Qq + G, = 48,864 psf or 48,000 psf

3.1.2 Allowable Bearing Capacity

Consider a factor of safety of 3, the allowable bearing capacity is:
Q. = qo/3 = 48,864/3 = 16,288 psf or 16,000 psf

3.1.3 Design Bearing Capacity

The design bearing capacity ®q, was computed using the same equations for computing the
ultimate bearing capacity. However, the strength parameters including cohesion and friction
angle were reduced using appropriate strength reduction factors. The cohesion is reduced by
applying a factor f, of 0.5. For cohesion ¢ = 50 psf, the reduced cohesion is:

Creduced = fcC = 0.5 x 50 = 25 psf

The friction angle is reduced by applying a factor f, of 0.8 to the tangent of the friction angle.
For friction angle ¢ = 32 degrees, tan ¢ = 0.625, the reduced tangent of the friction angle is:

fotan ¢ = 0.8 x 0.625 = 0.500
or tan (Oreducea) = 0.500
The reduced friction angle is:

{reduced = 26.6 degrees

Using a reduced cohesion Crequces @and a reduced friction angle ¢reauced, the bearing capacity
factors, shape factors; and depth factors are:

N, = 23.18

N, = 12.59

N, = 8.69
S:.=1.543

S, =1.500

S, = 0.600

D. = 1.000

D, = 1.000

D, = 1.000

The components of the design bearing capacity are:

Q. = 2,738 psf
qq = 0 psf

q, = 26,962 psf
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The design bearing capacity is:
®Qq, = Q. + qq + g, = 21,938 psf or 22,000 psf

3.1.4 Strength Reduction Factor

Based on the ultimate bearing capacity and design bearing capacity, the strength reduction
factor @ is:

P = (Dq,)/q. = 21,938/48,864 = 0.45
3.2 Settlement

Settlement is computed based on the static loadings, soil properties, and thickness of each
engineering layer. Appropriate methods were chosen for cohesionless or cohesive soils. The
following sections provide the static loadings, layer thicknesses, and computations of
settlements. :

3.2.1 Static Loadings

Static loading under the foundation, at elevation 268 feet, MSL, is used to compute the static
settlement. This loading changes at various phases of the project.

Current ground surface elevation is between 275.3 to 287.0 feet, MSL. At elevation 268 feet
MSL, the existing overburden pressure is from 7.3 to 19 feet of soil, or 900 to 2,400 psf. At the
end of excavation, the overburden pressure reduces to zero.

At the end of construction, outside the tank, approximately 24 feet of structural fill is placed
with a overburden pressure of approximately 125 pcf x 24 feet = 3,000 psf. Under the tank,
assuming the weight of the foundation and mud mat is 300 psf, the roof is 25 psf, and the wall
including the miscellaneous items is 175 psf, the overburden pressure is approximately a total
of 500 psf. When the tank is filled with Saltstone , additional weight of 22 feet of Saltstone , or
110 psf x 22 feet = 2,420 psf plus 100 psf of grout above the Saltstone , will make the total
foundation pressure approximately 3,000 psf. Therefore, for the pre-closure case, a uniform
overburden pressure of 3,000 psf is considered at elevation 268 feet, MSL.

After the 13-foot to 23-foot thick closure cap is completed, additional 125 pcf x 13 feet to 125
pcf x 23.5 feet or 1,600 to 3,000 psf is added to the pressure. The total pressure is 4,600 to
6,000 psf.

Phase Existing End o.f Pre- Post-

Range overburden Excavation Closure Closure
(psf) (psf) (psf) (psf)
Minimum 200 0 3,000 4,600
Maximum 2,400 0 3,000 6,000
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3.2.2 Layer Thicknesses

Based on the stratigraphy at various SCPTu locations, the thicknesses of the layers at these
SCPTu locations are:

Thi ss to be Layer S1/2 '
Exploratory exc:\lfgfe d above thickr!:ess below La.ayer C2 La_tyer 33
o | EL268fMSL | EL 2681, MSL t“"(’f'::)ss ‘h';';’:)ss
T (feet) (feet)
Z-V2-CP5 19.0 41 19 30
Z-V2-CP6 15.0 38 18 _ 34
Z-V2-CP7 114 45 16 31
Z-VV2-CP8 10.8 44 12 28
Z-V2-CP9 7.3 56 15 31
Z-V2-CP10 11.0 40 15 27
Z-V2-CP15 13.7 45 15 27
Average 12.6 441 15.7 29.7

Soils in Layer $1/2 and S3 are cohesionless while soils in Layer C2 are cohesive. Following
sections describe methods chosen for the computations of different types of soils.

3.2.3 Historical Settlement Data

Historical settlement data from similar site under similar conditions may be available for
estimating the settlement. Settlement data is available for the Vitrification Building located
southwest of the project site, less than 4,000 feet away.

Stratigraphy at the Vitrification Building site contains the same types of engineering layers as
the Saltstone site. Groundwater at the Vitrification Building site is approximately 30 to 35 feet
below the foundation compare to an average of 43 feet below the foundation at the Saltstone
site. Consolidation properties obtained from laboratory tests are very similar (Ref. 9). The
foundation of the Vitrification Building is 117 feet by 362 feet, the bottom elevation of the
foundation is 270 feet, MSL, and the static building load is between 5,000 to 5,500 psf. These
dimensions and load are comparable to the Saltstone Facility.

Based on the similarities of the stratigraphy, soil properties, and facility configurations, as well
as the availability of the settlement data. Settlement data from the Vitrification Building was
used to estimate the settlement of the project site.

The total settlement of the Vitrification Building over a 10-year period since excavation is
between 2.148 to 3.510 inches. Since most of the layers are cohesionless, it is assumed that
the settlement is linearly elastic and the subgrade modulus is computed as:

K = p/D
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where p is the load and D is the settlement. Using an average pressure of 5,250 psf, the
subgrade modulus can be computed as a minimum value of 10.39 pci and a maximum value of
16.97 pci. For phases after closure cap completed, minimum settlements were computed
considering a minimum cap thickness of 13 feet and a maximum subgrade modulus while
maximum settlements were computed considering a maximum cap thickness of 23.5 feet and
a minimum subgrade modulus. The average heave is the average of four heaves computed
using minimum and maximum subgrade moduli as well as minimum and maximum depths of
excavation. The average settlement is the average of four settlements computed using
minimum and maximum subgrade moduli as well as minimum and maximum cap thicknesses.
The results are:

Cumulative Cumulative Cumulative
Phase Minimum Maximum Average
Settlement Settlement Settlement
(inches) (inches) (inches)
Heave after Excavation 0.4 -1.6 0.9
10 years after operation completed 1.2 2.0 1.6
10 years after closure cap completed 1.9 4.0 2.9

Note that settlements include the recompressions of heave.
3.2.4 Settlement of Cohesionless Layers

Settlement of cohesionless layers was computed using Burland and Burbidge method and
Schmertmann's method.

3.2.4.1 Burland and Burbhidge Method:

Burland and Burbidge method estimates the immediate settlement p; using the relation (Ref.
10, p.3-10):

01 = fo f1 [(AP'ae = 2/3 6') BY'I] for AP’y > o,
pi = fs f1 AP'avelc/3 for APy < &g
where f, is the shape factor, [(1.25L/B)/(L/B + 0.25)]°
f; is the layer correction factor, H/Z4(2 - H/Z,)
AP, is the average effective pressure, Qoave + G'oave
Qoave IS the average pressure in stratum from foundation load,
G'oave IS the effective overburden pressure in stratum H
o'p is the maximum effective past pressure
H is the thickness of the layer
Z = 1.35B%" is the depth of influence of loaded area

Nav is the average SPT blow count over depth influence by loaded area.
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I, is the compressibility influence factor, 0.23/Nave1"" with coefficient of correlation 0.848
The lower bound, upper bound, and average settlement are computed as follows:
Lower bound settlement is computed using lemin = 0.08/Naye
Upper bound settlement is computed using lgmax = 1.34/Nave

Average settlement is computed using compressibility influence factor, |, defined
earlier.

Settlement after time t at least 3 years following construction may be estimated by:
Pe = Ti pi
where fi=1+R + R log (¥/3)
Ri and R; are the time—dependent settlement ratios, for t = 30 years
Ri=03and R, =0.2
fi=1+0.3+0.21l0og (30/3})=1.5
Therefore, primary and secondary settlement is:
pe=15p

Burland and Burbidge method considers the settlement of the layer up to the depth of Z, =
1.35B%" or 59 feet. Since the average thickness of Layer S1/2 is 44.1 feet and the average
combined thickness of layers 81/2 and C2 exceeds 59 feet, only layer $1/2 with a thickness of
44 1 feet was considered as the thickness H. Dimension B is considered as 250 feetand L is
considered to be 400 feet.

The lower bound, upper bound, and average settiements were computed using lemin, lemax, @and
I. as described earlier. For phases after closure cap completed, lower bound settlements were
computed considering a minimum cap thickness of 13 feet while upper bound settlements
were computed considering a maximum cap thickness of 23.5 feet. The average settlement is
the average of four settlements computed using lower and upper bounds as well as minimum
and maximum cap thicknesses. The results are summarized in the following table:

Lower Bound Upper Bound Average
Phase Settlement Settlement Settlement
{inches) (inches) (inches)
Immediate after operation completed 0.9 53 2.1
Immediate after closure cap completed 1.2 8.3 3.1
30 Years after closure cap completed 1.9 12.4 4.6

3.2.4.2 Schmertmann Method

Schmertmann method estimates the immediate settlement pi using the equation (Ref. 10, p.3-

6):
= C1 Ct Ap 2 (AZi Izjf Esi)

where C,is the correction to account from strain relief from embedment
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Ciis the correction for time-dependent increase in settlement and C, = 1 + 0.2 log (t/0.1)
tis time in years, for t = 30 years, C;= 1 + 0.2 log (30/0.1) = 1.5.

Ap is the net applied footing pressure

Az, is the depth increment i

15 is the influence factor of soil layer i

Esi = 2.5 ¢, is the elastic medulus of soil layer | for axisymmetric footings L/B = 1

where g is the average tip stress of soil layeriin isf. For this evaluation, thickness of each soil
layer is 2 feet,

Previous analyses performed for the Vitrification Building found that the results obtained from
Schmertmann method were approximately 2.3 times the actual measurements (Ref. 11).
Realistic results can be obtained by increasing the elastic modulus Eg, i.e., multiply E5 by an
adjustment factor of 2.3. Since the resulting settlement is a linear function of elastic modulus,
in lieu of muitiply the elastic modulus by an adjustment factor, the resulting settlement was
divided by the same adjustment factor. For this calculation the results were divided by a
conservative factor of 2. The results are summarized in the following table:

Settlements were computed using data from each of the seven deep SCPTu’s. For phases
after closure cap completed, both the minimum cap thickness of 13 feet and the maximum cap
thickness of 23.5 feet were considered. The average settlement is the average of 14
settlements computed using seven SCPTu’'s as well as minimum and maximum cap
thicknesses. The results are summarized in the following table:

Minimum Maximum Average
Phase Settlement Settlement Settlement
(inches) (inches) (inches)
Immediate after operation completed 0.7 4.1 1.6
Immediate after closure cap completed 1.1 8.5 3.0
30 Years after closure cap completed 1.6 12.8 4.4

3.2.5 Settlement of Cohesive Layer
Settlement of cohesive Layer C2 was computed using the cne-dimensional consolidation
equation (Ref. 10, p.3-29);
pp= Ho Ae/(1 + ep)
where H, = initial height of the layer
e = 1.4, initial void ratio
Ae = change in void ratio
For a normally consolidated soil
Ae = C, log (Ps/ Po)

For an overconsolidated soil
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Ae = G, log (Pi/ P,) + C, log (Pp/Py)

where C. = 0.75 is the virgin compression index
C: = 0.090 is the recompression index
P, = initial effective overburden pressure
P, = preconsolidation stress

P¢ = final applied effective pressure

~ Layer C2 is approximately 15 feet thick and 56 feet below the foundation at the north side and
19 feet thick 41 feet below the foundation at the south side. Previous investigations in the S-
area suggested that reasonable and conservative settlement of Layer C2 can be obtained
using one-dimensional consolidation theory assuming half of the layer experience virgin
compression and half experience recompression index (Ref. 9, p.22). Recompression index of
0.09 was used for overburden less than P, and average compression index of (0.75 + 0.09)/2
or 0.42 was used for overburden greater than P..

The average heave is the average of the heaves considering minimum and maximum depths
of excavation. The average settlement is the average of the settlements considering minimum
and maximum cap thicknesses. The estimated settlements of cohesive layer C2 are:

Minimum Maximum Average
Settlement/ Settlement/ Settlement/
Phase
Heave Heave Heave

(inches) (inches) (inches)
Heave after Excavation 0.2 -1.0 -0.6
Immediate after operation completed 1.5 2.5 2.0
Immediate after closure cap completed 3.7 5.0 4.3

Note that settlements include the recompressions of heave.

Site experience in H- and S-Areas also indicates that the rate of secondary consolidation for
the site is small, on the order of less than 1/4 inch over 30 years, for structural loading in the
range of 3 to 6 ksf. Based on site experience, secondary compression for Vault No. 2 is
estimated to less than 1/4 inch over the life of the facility (30 years). It is expected that this
settlement will be uniform and not contribute to differential settlement.

3.2.6 Summary of Settlements and heave

Estimation of settlement was performed by combining the settlement computed for
cohesionless layers and settlement computed for the cohesive layer. The results were
compared with the settlement using the historical data and conservative judgments were made
to estimate these values, The estimated settlement are summarized as follows:
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Minimum Maximum Average
Settlement/ Settlement/ Settlement/
Phase
Heave Heave Heave
(inches) (inches) (inches)
Heave after Excavation -1/2 - 1172 -1
Immediate after operation completed 2 7 4
Immediate after closure cap completed 5 13 7
30 Years after closure cap completed 6 18 9

Note that settlements include the recompression of heave.

The expected heave and settlement are the average computed heave and settliement shown in
the above table. The differential heave or settlement at various phases is approximately the
same as the total heave or settlement.

When one of the vaults is being filled with Saltstone and the other vault is left empty,
differential settlement will occur due to the differential loading. The portion of the empty vault
adjacent to the vault being filled will experience more settlement than the portion opposite the
vault being filled. This type of differential settlement was not considered in the analysis, but
can be eliminated if both vaults are filled simultaneously. However, this type of differential
settlement will be diminished when both vaults are filled.

Due to the large overburden pressure, settlement was predicted with large amount of
deviations. In order to verify the estimated settlement, it is recommended that settliement
monitoring points be installed and settlement be monitored during construction and operation
phases. Settlement data will provide important information for the actual settlement and will be
used to verify and calibrate the predicted settlement as well as for the design of the closure
cap.
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4, RESULTS

(1) The bearing capacity parameters are:
Ultimate bearing capacity: q, = 48,000 psf
Design bearing capacity: ®q, = 22,000 psf
Strength reduction factor: ® = 0.45
Allowable static bearing capacity: g, = 16,000 psf
Allowable dynamic bearing capacity: q4 = 21,000 psf
(2) The estimated settlement and heave are:
Average and differential heaves at completion of excavation is approximately 1 inch

Average and differential settlements immediately after the completion of operation is .
approximately 4 inches.

Average and differential settlements immediately after the installation of the closure cap
is approximately 8 inches.

Average and differential settlements 30 years after installation of the closure cap is
approximately 10 inches.
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Appendix A
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Fig. 4.5 Bearing capacity on Tresca material,

The failure mechanism shown in Figure 4.6 for a footing on a
Coulomb matcriat is that determined by Hill (1950}. Since the
mechanism is symmetrical, we may consider only the left side.
Apain we determine the solution by cquating the internal and
external rates of enecgy dissipation. The external work is due
to the footing load. The internal work is due 10 the deforming
region ADC and the differential slip along the surfaces OC, CD,
and DE. No work is dissipated along the surfaces AC and AD
owing (o the naturc of the assumed deformation i in ADC. The
work componcnls arc

Pu,
Wexy = T
cugB cot ¢

cthnd
Scos(In + 401

Ween = 1) = Wep

B
W = €ug cOs —_— .
oc = cbocos [4 cos (in + m]

ﬂc”'“'“‘
4cos{tn + %mJ

These cxprcs'-ions are developed by considering the work
cxpfcssmm in Figure 44b and the kincmatic relations of
Figure 4.6. Collecting terms,

Wan = c[ug cos -f'cu'l'“"][ (4.10)

P =clicotg [e™ *1an’(in + 14} =[] (4.10)
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The limit of Equation 4. 11 as g approaches zerois 7 = (1 4- m)fic,
whicl is the well-known exact solution for alooting ona Toesen
maternl

Using liout analysis. Chen {1975) has eviduated the bearnimyg
capacity lictors N ol Equation 4.1. Thege values, sumnvarizcd
m Table 4.1, are given by the following relitionships.

Ny=e"""*an?(in 4 i¢) (4.§2)
N, = cot (N, — 1) {4.13)
N,=2(1 + N)tan ¢ tun{in + L¢) {d.14)

It is worth pointing out that while the correct N, expression
hax for somc time remained unsettied, the above values of
N and N are the same as those given by Mcycrhof und Brinch
Hansen and arc generally aceepted as the correct or exact valucs.
The differences in the reported N, are substantial, ranging
from about onc-third to double the values reported here.
Andersen (1972) and Georgiadis and Michalopoulos (1985)
have determined that the expression for N, provided by
Brinch Hunsen (1970) provides a lower bound to vilues
determined experimentally. The data presented by Georgiadis
and Michalopoulos indicate that Equation 4.14 provides a very
good representation of the data for ¢ < 40° from a design
standpoint. Drinch Hansen's expression has the form

=L5(N, —lJan g (4.15)
On the basis of a statistical analysis of test results, Ingea and
Baccher (1983) have suggested that for strip footings
— W0 1738 - 1 6an
N, = ¢ (4.16)
which geves N values greater than Chien's expression (Eq. 4.14)
for v < 50,

Numerous authors have noted that the correct value of ¢
to be used in the bearing capacity cquations may be different
fromy that value measured. by comventional wiaxial tests, The
value of ¢ measured in plane strain tests may be 10% greater

TABLE 4.1 BEARING CAPACITY FACTORS*,

$ N, N, N NN, Ry

[s} 1.000 5.142 0.000 0.194  0.000

2 1.197, 5632 0.156 0212  0.035

4 1.432 6.185 0.350 0232  0.070

[ 1.716 6813 0.545 0.252 0.105

8 2.058 7527 0.909 0273 0.4t
10 247 8345 1.313 0296 0.176
12 2973 9.285 1.837 0320 o0.213
14 1.586 10.370 2522 0346 0.249
16 4.335 11631, 3.422 0373  0.287
18 5.258 13.104 4612 0.401 0.325
20 6.399 14.835 6.196 0.431 0.364
22 7.821 16.883 8.316 0463  0.404
24 . 9.603 19.323 11473 0497 0445
26 11.854 22,254 15.049 0533 0488
28 14.720 25.803 20.351 0570 0632
30 18.401 30.129 27,665 06114 0577
32 23417 35.490 37.849 0653 0625
34 29.440 42163 52182 0698 0675
36 37.7152 50.585 72.594 0746  ©.727
k]:| 48.933 61.351 102.050 0798 0781
40 64.195 75.312 145,191 0852 0833
42 £4.272 93.706 209.435 0811 0.900
44 115,307 118.368 306.920 0974 0966
46 158,500 152.096 458018 1.042 1.036
a8 222,297 199.257 697.926 1116 L
50 319.053 266.874 1089.456 1195 1192

“Clien 21975y
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footing depth factors, rc,;px(ivcl,'. given in Tabies 4.2 and 4.3,
An iterative solution is required lor inclined loads because the
footing load compancats H and ¥ appear indhe factors @
Figurc 4.2 shows the geometry for an inclined (ooting load.
The equivaleat dimensions 8 and L should be used, in the
case of ecogeatric loads, in the expression of Tables 4.2 and 4.3,
‘The ultimate footing load should be based on the reduced
footing dimensions.

TABLE 4.2 MEYERHOF FOOTING DEPTH AND
LOAD INCLUNATION BEARING
CAPACITY MQOIFIERS".

. . 18
o NA i dc+ Nt id g+ Y M nd,

ForD <8
o
do=140.2 /N,-E
dy=d, =1

o . o
d,=d, =1 +o_1./~,E

(4-01
(4>10%)

ipmiy= {1 —ar90")?
fe (1 —alé)?
N, =unl(n+3¢)

* Meyerhof (1963 ).

TABLE 4.3 B8RINCH HANSEN FOOTING DEPTH
AND LOAD INCUNATION BEARING

CAPACITY MODIFIERS".
~ . 8 R
Qo uNadde+ Nexjida+ 7 Nsid,
For O < 8:
domi4042 (6=0%
R P
doody=—L >0
e né (>0
FANY 4—'2:_.«4(1-:‘.«4)2%
d.u‘ )
oM
AR - -0
i FTrre Y (4 )
L A=
foie— w m" (¢>0%

]
Qgm]l - |
V4 Accold

.. [ s
i"-E Y o ——
- V+Ac<oto]‘
m = m cosT0, + mysial0,
Crean 2+ 8
. me e P 5. 4.1 AP
" CTresi T ST

0. is the projocied dicsetion of 1034 in the planc of Ihs taoting.
measured {com tha tide of longih L

(API, 19G7.)

*As modded by Vetit {1975),
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H
H=~Psingy
P Wy V-Pcasq
a

Fig. 412 Inclined (ooting load.

Bowles (1982) has suggested that the Brinch Hansen
inclination factors i should not be used in conjunction with Lhe
shape factors 5. The use of Meyerhol's expressions with
Equation 4.24 has bcen verified by comparison with laboratory
experiments {(Hanna and Meyerhof, 1981},

4.7 FOOTING SHAPE, DEPTH, AND INCLINATION
EFFECTS

The looting size, orientation and position rclative 1o the ground
surface have an influence on the bearing capacity. Brinch
Hansen (1970)and Vesié (1975) have addressed these problems.
The bearing capacity may be determined as

Ie)

o = N5.d,g.bc + Nysd,g bg + 32- Nos,dgb, (4.25)
where gq is the vertical component of the fooling load and the
factors s, d, g, and b are the footing shape, footing depth, ground
inclination, and base inclination [lactors, respcctwciy The
expressions for the factors s, b, and g are given in Tables 4.4
and 4.5, The gecometric parameters for inclined footings and
ground surfaces arc given in Figure 4.13. The equivalent
dimensions B' and L’ should be used, in the case of eccentric
loads, in the expression of Tables 4.4 and 4.5. The ultimate

TABLE 4.4 MEYERHOF AND BRINCH HANSEN
FOOTING SHAPE BEARING CAPACITY
MODIFIERS,

8
qg = N s dqd.c + N sy ,q+—2-N,srd

Py

Meyefhol { Meyerhol 1963)

=1+02N—
$,=5,=10 (6 =07

. . 8
.s,=.tr,=1+0.1.'\l,I (¢>10%)

N, =130 (ix + 1d)
Brinch Hansen { Alter Vesié, 1875)
an,
LN,

s.= 1

8
Sp=1+4— lang
L

1 040
s, = 47

For circular looting use 8/¢ = 1.

TABLE 4.5 BRINCH HANSEN FOOTING AND
GROUND INCLINATION BEARING
CAPACITY MODIFIERS",

r8
qq = N s d.g.b,c + N,svd,g,b,ag 7 N d,.g.b,

Footing Inclination Faclors
E
by =8, = {1 —atan ¢}

2a . .
b =1 - (¢ = 0° a inradians)
n+2
1 -, R
b= by — — 2 (¢>0°)
. Nang
Ground Inclination Factors
9, =9, ={1 —tanw)’ (¢ >0°)
2w )
9. =1- (¢ = 0°. win radians}
5+ 2
1790' 2
=y = (¢ =07
Ge “ N an ¢

Aestrictions: a < 45°%, ar < 45%. w < ¢.
For ground inclination use NV, = ~2sinw,

* As modilied by Vesit (1975)

Fig. 413 Inclined tooting and ground surlace...

I’ooung load should be based on the reduced footing dlmcnsnons
in the case of an eccentric load.

Bowles ( 1982) has suggcslcd the lactors s, d, g.and b should
not be used in conjunction with the load inclination factors i.
Vesic (1973) has suggested that for the sloping ground condition’. .
and ¢ = 0 {Tresca material) soils, o :

N,= —2sinw {4.26) -

4.8 NONHOMOGENEQUS FOQUNDATIONS ANZI-).'-
ANISOTROPIC STRENGTH

The conditions of nonhemogencous foundations and anisotzopic
soil strength hive been treated by Reddy and Srinivasan {10673 -
using limit equilibrium procedures and by Chen (1975) using =
the upper-bound method. These zuthors examined the commor
condition of a strip footing supported by a iwo-layer undrained -
clay (Tresca matcrial, ¢ = 0) foundation. Chen also considered -
the case of a lincarly increasing strength with depth. The results
of Chen agree well with those of Rcddmg and Srinivasan and
are shown in Figure 4.14.
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Fig. 4.17 Graphical aids for Meyerhof .and Hanna solution 1o layered foundation.

4.9 INFLUENCE OF GROUNDWATER TABLE

The positicn of the groundwater 1able may have a significant
effect on the bearing capacity of shallow foundations. Generally
the submergenee of soils will causc loss of the apparent cohesion
duc to capilary stresses or weak cementation honds. At the
same time the cffcetive unit weight of submerged soils will be
reduced 10 about onc-hall the weight of the same soils above
watcr. Thus, through submergence, all three terms involved in
the bearing capacity cquation are reduced. For this reason, it
is cssential that the bearing capacity analysis be made assuming
the highest possible groundwater level at the particular level
for the expected lifetime of the steucture. The assessment of this

v

level must be made laking into consideration the probabitity
of temporacy high levels that could be expected in some
locations during heavy rainstorms or floods, although they may
nol appear w the oflicial records.

I the highest groundwiter level is within the depth 2, < 8

below the foundation level (Fig. 4.18) the effective weight 7 of

the soil below the foundation base should be taken as
r=7 +'F“u.—n (4.28)
where y* is the submerged unit weight and y,, is the moist unit

weight of soil, corresponding to the minimum moisture content
of the soil above the water 1able { Mevechol. 1953 If the water




Calculation No, K-CLC-2-00011, Rev. 0

Sheet 19

Appendix A

Bearing Capacity of Shallow Foundations 159

TABLE 4.8 VALUES OF MINIMUM PARTIAL FACTORS®.

Category ftem

Load Factar Resistance Factor

Loads Dead lcads

Live 10ads, wind of eanhgquake

Water pressures

Shear strength Cohesion (¢)

{stability; earth pressures)
Cohesion (c) {foundations}

Friction {tan ¢}

(7,) 1.25 (0.B5) .
((.)\.‘5 -
{(£,) 1.25 (0.85)

{£.) 065
() 0.5
(1} 08

Note: Load factors given in parentheses apply to dead loads and water pressures when their etfects are
heneficial, as for dead loads resisting instabifity by sliding. overturning or uplift.

* Meyerho! (1984)

factors) given in Table 4.8. The higher values in Table 4.7 arc
applied to the normal loads and service conditions, while the
lower values are applied to the maximum loads and worst
environmental conditions. :

The basic philosophy using total factors of safcty is that the
foundation should be capable of resisting a load F, times greater
than the design load. The load and resistance faclor design
{LRFD) method applies stparate or partial factors to the loads
and soil cesistance. The load factors arc provided mainly for
variability and pattern of loading, which differ for dead loads,
live loads, environmental loads, and water pressurcs. The
tesistance factors consider the variability and uncertainty of
assessment of soil resistance, which differ for the cohesive and
friction components. Thus, the factored shear strength of soil
at the ultimate limit state may be expressed as

1= fctof,lang {4.33)

for. the Coulomb criterion. The factors j, and f, are the
resistance factors for the cohesive and [riction compdnents,
respectively. It is evident from Equation 4.33 that the total
factor of safety obtained will depend on the relative contributions,
of the cohesive and friction components.

Whitman {1984) has recently reviewed the application of
the related topic of risk analysis to geotechnical engineering.

413 EXAMPLE PROBLEMS
EXAMPLE 4.1

A rectangular footing (Fig. 4.21) 28 ft wide and 84 ftlong is
10 be placed at a depth of 101t in a deep stratum of selt,
saturated clay (bulk unit weight 105 Ib/ft?). The water lable
is at 8fi below ground surface. Find the ultiinate bearing
capacity under the following two conditions:

a. assuming that the rate of application of dead’and live
loads is fast in comparison with the rate of dissipation
of excess pore-water, pressures: caused by loads, so that
undrained conditions prevail at failure:

L -B4 F7J

TIT

PELAS
o |

- F1
!D-mrr g ti- e
t
B -28F1
q-t.y 10 -2 1y’

Fig. 4.21 Fooling geomelry

b. assuming, as the other cxtreme, that the rate of loading
is slow ecnough that no €Xxcess pore-waler pressures are
introduced in the foundation soil.

The strength parameters of the soil, obtatned from uncon-
solidated, undrained tests are ¢, = 0.22ton/ft?, ¢, = 0.
Consolidated, drained tests give ¢, = 0.04 ton/Mt?, ¢, = 23°.

CONDITION (a)

Submerged unil weight of soil: y* = 105 — 62 = 43 bR
Overburden stress: g = {(8){105) + (2){43)]/(2000)
= 0.463 ton/ft’.
Bearing capacity factors (Table 4.1): N, = Sl N, 51
N, =0
. Shape factars { Table 4.4, Brinch Hansc,n):

BN
s, =1+ = —2 =1 +(1/3)00.19) = 1.065
LN

<

. - s, = 100
Ulli:na_le bearing pressure (Eq. 4.24):
go = €N.S. + N5,
go = (0.22)(5.14)(1.065) + {0.463)(1)({ 1.00}

= 1.21 + 046 = L67von/ft?

CONDITION {b)

Bearing capacity faciors: N, = 18.05; N = 866 N, = 9.70.
Shape factors:

Sl

BN
|4 = 2= 1 4(1/3)(048} = 116
LN /3)(0.48)

s

-
]

=1+ g:anqs = 1 +(1/3)6042) = 1.14

. =1-04 ? =1-(04)(1/3)=087

© U lumare bearing peessure:

: B
du = CN 3+ NS, + 5 N,

OO IEOSHY 16) + (0463)K66)(1.14,
C - LU/ 2HAIN2ENS. 0BT/ (2000)
=072 4 457 +254 = 18I 10n/0t?
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ina reduction factor (revised from the previous edition) as loliows: =
B
ro=1~-0251og|— Bzé6ltor2m
-

where & = 6.0 for [ps and 2.0 for SI

This gives:

#=2 25 3 15 1 5 10 20 0 m

r=10 097 0.93 093 0.92 0.90 0.82 0.75 0.57

One can use this reduction factor with any of the bearing capacity methods to give”
0.5;BN s d,r,

This equation is particularly applicable for large bases at small D/B ratios where
the BN term is predominating.

General observations about the bearing-capacity equations may be made as
follows: ’

1. The cohesion term predominates in cohesive soil.

2. The depth term (gN,) predominates in cohesionless soils. Only a small D
increases gy, substantially. _

3. The basé width term 0.5;BN, provides some increase in bearing capacity for;
both cohesive and cohensionless soils. In cases where B < 3 to 4 m this term’
could be neglected with little error.

4. No one would place a footing on the ground surface of a cohesionless soil mass

It is highly unlikely that one would place a footing on a cohesicaless soil with &
D, (Table 3-4) less than 0.5. If the soil is loose, it would be compacted in 50
manner to a higher density prior to placing footings in it .

Where the soil beneath the [ooting is not homogeneous or is stratified, som

judgment must be applied to determining the bearing capacity. In the case(,

stratification, later sections will consider several cases.

7. When a base must be designed for a particular load, except for the Terza

method, one must use an iterative procedure since the shape, depth, at

inclination factors depend on B. A computer program such as B-31 is m

useful for this type problem. It should be set to increment the base by 0.075 m ¢

0.25'ft (3 in) steps as this is a common multiple of base dimensions.

8. Inspection of Table 4-1 indicates that the Terzaghi equation is much easicr {
use than the other methods (see also Example 4-1) so that it has great appeal fe
many practitioners—particularly for bases with only vertical loads and D/B £
Its form is also widely used for deep foundations but with adjusted N factof

9. Vesi¢ (1973} recommends that depth factors d; not be used for shallo

foundations (D/B < 1) because of uncertainties in quality of the overburd¢

W

6

-
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2 Az )
p1‘=C1"L'AP'Z E.l.IZJ {3-8)
=1 D5 4
where
C. = correction to account for strain relief from embedment.
1 - 0.50,/48p 2 0.5
g, = effective vertical overburden pressure at bottom of focoting or
depth D , tsf
Ap = net applied footing pressure, g - ©6J , tsf

)
Il

correction for time dependent increase in settlement,
1 + 0.2'1log;-(/0.1}

= time, years

= elastic modulus of soil layer i
Az, = depth increment 1 , 0.2B, ft
Izi = influence facter of seoil layer 1, Figure 3-4

JUNG

, tsf

Settlement may be calculated with the assistance of the calculation sheet,

Figure 3-5. The time-dependent increase in settlement is related with creep
and secondary compression as cbserved in clays.

{1) Influence factocr. The influence factor Iz is based on approxima-
tions cf strain distributions for square or axisymmetric footings and for in-
finitely long or plane strain footings obhserved in cohesionless soil, which
are similar to an elastic medium such as the Boussinesq distribution, Fig-
ure 1-2. The peak value of the influence factor Izp in Figure 3-4 is

{item 59)
1/2
Izp=0.5 +0.1 A,p {3-9a)
Gl'zp
Axisymmetric: 07p=0.5Bsy + Doy’ {3-9b)
L/B =1 R
Plane Straim: 6 = Bey'+ Doy _ ' (3-9¢)
L/B 210 - L .
X -8
where
g, = effective overburden pressure at theugepﬁh of Izp ., tsf
y' = effective unit weight {wet soil®unit’weight . y less unit weight
of water) in units of ton/cubic foot.. = L ’
D = excavated or embeded depth, ft

The parameter ¢,,, may be assumed to vary linearly:between Equations 3-9b ang
3-9c for L/B between 1 and 10 ., Iz may be assumed to vary linearly
between 0.1 and 0.2 on the Iz axis at the ground surface for L/B be-
tween 1 and 10 and Z/B may be assumed tO'vdry?igheérly between 2 and

4 on the 2Z/B axis for L/B between 1 and 10 5" o

3-7
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0.0 0.1 02 03 04 05 06 07 08
0 T 1 = — ¥ T T T LI T L) T L T T 0
o -:-\ . :
m AXISYMMETRIC ~_ ~ /“’p 2 0.5
~.—-1F L/B = 1 . - -4 —1
M~ -
- - /\ -
S -
< o
-
@ ~2 PLANE STRAIN 4 -2
; L/8 > 10
I - -y
—
0
o -3 =1 -3
_4 1 Il 1 i 1 '] L 1 A1 Il L ] - 8  § A '_-4
|<—B——>'| .
9 bp=q - 04 )
) . Ood o
B8/2 RAXISYMMETRIC :
€ PLANE STRAIN . : =
v v & ¥y i R
DEPTH TO I=xp ' IR
Z = DEPTH BELOW FOOTING BOTTIOM, FT e T
B = FOOTING WIDTH, FT : . R
Iz = DEPTH IRFLUENCE FACTOR - R
Izp = PEAK DEPTH INFLUENCE FACTOR e,
Figure 3-4. Recommended strain influence factors for Schmertmann’ s R

Approximation. Reprinted with permission of the American Society of

Civil Engineers from the Journal of the Geotechnical Engineering Diwi- -

sion, Vol 104, 1978, "Improved Strain Influence Factor diagram", by = '
J. M. Schmertmann, J. P. Hartman, and P. R. Brown, p I134
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LB = ——- FT
1 Y : TDN/F;B
' Lza
D+ oo FT{y - ____ 1sF|96d* ---- TSF|E;- TSF za E,
J vy v ¥ b ) -
Z : ©8.,2B « ______ FT
L Ap: & - Glod® ---- TSF
Z . .
s 1- Ood . .
Cl = L-2.3 AP Z2a.% sz __._.

+
C = 1+8.21 ez
1 °eg o

P ¢ € CapaZ SUN = ____ FT B8]

.

DEFINITIONS N

a
¥ « UNIT WHET MEIGHT, TON/FT

Td " EFFECTIVE OVERBURDEN
PRESSURE AT DEPTH D. TSF

q *= APPLIED PRESSURE FRON
FOOTING, TSF

[2q* AVERAGE INFLUEHCE FRACTOR

.

O 0 o0 F£F VO DO £V OO TN O DO LN

£ W W W W W N NN = e~ - 58 00

Eg * SOIL ELASTIC -MODULUS. TSF

SymM =

Figure 3-5. Battlement calculation sheet for cohesionless soil
using Schmertmann’s. method

{2) Elastic modulus. Elastic modulus E, may be estimated. from re-
sults of the mechanical. (Dutch Static) Cone Penetration Test (CPT} (item 59)

Axisymmetric Footings: =~ E,; = 2.5‘-q; (3-10a)
L/B=1 '
Plane Strain Footings: Ey=3.5+q, {3-10b)

L/B > 10

where ¢, is the cone tip bearing resistance in units of tsf. E,, may be
assumed to vary linearly between Equations 3-10a and 3-10b for L/B between

1 and 10 . SPT data may also be converted to Dutch cone bearing capacity by
the correlations in Table 3-1. The estimated average elastic modulus of each
depth increment may be plotted in the E, column of Figure 3-5.

<

3-9
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Table 3-1

Correlations Between Dutch Cone Tip Resistance .
and Blow Count N from the SPT (Data from Item 55)

Soil g. /N’
Silts, sandy silts, slightly cohesive silt-sand 2
Clean, fine to medium sands and slightly silty sands 3.5
Coarse sands and sands with licttle gravel ) 5
Sandy gravel and gravel e 6

‘Units of g, are in tsf and N in blows/ft

{3} Calculation of settlement. Iz/E, is computed for each depth in-
crement z/B and added to obtain SUM, Figure 3-5. Immediate settlement of
the soil profile may then be calculated as shown on Figure 3-5. If a rigid
base lies within =z = 2B , then settlement may be calgulated as shown down to
the rigid base.

@. Burland and Burbidge Approximation. This procedure based on 200 SPT
case studies predicts settlements less than most of these methods (item 4).

{1} Immediate settlement of sand and gravel deposits may be estimated

by
AP, > dl: Py = Fov £y [mp’ - 20l + BT 4 I (3-11a)
ave o= i s i ave 3 fe] c
! ! . i Ic - .
AP, < a5 p; = £, £y AP * = (3-11b)
where
£, = shape correction factor, [{1.25-L/B)/{(L/B + 0.25)]?
£, = layer thickness correction factor, H/z,- {2 - H/z,)
AP{,. = average effective bearing pressure, gy * O’cave ¢ ESE
Q... = average pressure in stratum from foundation load, tsf
G6l.. = average effective overburden pressure in stratum H , tsf
o, = maximum effective past pressure, tsf .
H = thickness of layer, ft .
Z, = depth of influence of loaded area, ft
I, = compressibility influence factor, = 0.23/(N!) with coefficient
of correlation 0.848
N,.. = average SPT blowcount over depth influenced by loaded area

{a) The depth of influence 1z, is taken as the depth at which the set-
tlement is 25 percent of the surface settlement. This depth in feet may be

3-10
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approximated by 1.35B° ' where N,, increases or is constant with depth.
z, is taken as 2B where N,., shows a consistent decrease with depth.

(b} N,, 1is the arithmetic mean of the measured N values within the
depth of influence 2z, . N,,. is not corrected for effective overburden pres-
sure, but instead considers compressibility using I, . The arithmetic mean
of the measured N, should be corrected to 15 + 0.5(N,. - 15) when
N... > 15 for very fine and silty sand below the water table and multiplied by
1.25 for gravel or sandy gravel.

(c) The prcbable limits of accuracy of Equations 3-11 are within upper
and lower bound values of I, given by

0.08; 1N B

E'IG)

T s 134/, {3-12}

{2} Settlement after time t at least 3 years following construction
from creep and secondary compression effects may be estimated by

Pr = fc'Pf (3-13}
where
f. =1 + R, + R, log t/3
R, = time-dependent settlement ratio as a proportion of p; during
first 3 years following construction, = 0.3
R, = time-dependent settlement ratio as a proportion of p. for each
log cycle of time after 3 years, = 0.2

values of R, and R, are conservative based on 9 case records (item 4).

f. Dilatometer Approximation. The .dilatometer consists of a stainless
steel blade 96 mm wide and 15 mm thick with a sharp edge containing a stain-
less steel membrane centered and flush with one side of the blade. The blade
is preferably pushed (or driven if necessary} intc the so0il. A pressure-vacu-
um system is used to inflate/deflate the membrane a maximum movement of 1.1 mm
against the adjacent soil (item 58}. ' '

{1}) Calculation. This procedure prediéts settlement from evaluation of
one-dimensional vertical compression or constrained modulus E; by the DMT

H
py = Toave ' 7 - (3-14)
£y

where .

Qe = average increase in stress caused by the applied load, tsf

H = thickness of stratum at depth 2z where q... is applicable, ft

Eq = constrained modulus, RyE, ,.tsf o

R, = (1 - v,)/[(1 + v)(1 - 2v,}], factor that varies from 1 to 3
relates E, to Young’s soil modulus E,

v, = Poisson's ratioc ' v

3-11
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Table 3-5

Procedure for Calculation of Ultimate Primary Conselidation
Settlement of a Compressible Stratum

Step Description

1 Evaluate the preconsclidation stress 6, from results of a one-
dimensional (1-D} consolidation test on undisturbed soil specimens
using the Casagrande construction procedure, Table 3-6a, or by methods
in paragraph 1-5a. Refer to Appendix E for a description of 1-D con-

solidation tests.

2 Estimate the average initial effective overburden pressure o/ in
cach compreseible stratum using soil unit weights, depth of overbur-
den on the compressible stratum, and the known groundwater level or
given initial pore water pressure in the stratum. Refer to Equation
1-1, o, = Yz - u, . Gy = (G, + ¢,..)/2 where .. = effective
pressure at top of compressible stratum and ¢/.. = effective pressure
at bottom of compressible stratum.

3 Determine the soil injtial void ratio e, .as part of the 1-D consoli-
dation test or by methods in Appendlx II EM 1110-2-1906, Laboratory
Soils Testing.

4 Evaluate the compression index C. from results of a 1-D consolida-
tion test using the slope of the field virgin ceonsolidation line de-
termined by the procedure in Table 3-6a as illustrated in Figures 3-12
and 3-13, or preliminary estimates may be made from Table 3-7. Deter-
mine the recompression index €, for an overconsolidated soil as il-
lustrated- in Figures 3-12 and 3-13; preliminary estimates may be made
from Figure 3-14. T« '

: . -T A
5 Estimate the final applied effective pressure  of whére 6; = O] +
O, . O . 50il pressure caused by the structure, may be found from
Equation C-2 or Bou551nesq solution in Table C =1% _'

6 Determine the change in void ratio Ae of str_tum £or the pres-
sure increment of - o ‘graphically from ‘a Adtd plot 51mllar to
Figure 3-12, from Equation 3-21 for a normally. CDnSOlldated 5011 or
from Equation 3-23 for an overconsolldated 3011 - -

. ’

G

7 Determine the ultimate one-dimensional consolldatzcn settlement of

stratum Jj with thickness H; . from Eqpatlon 3- 20

Ae
Py = T ot . :
8 7 -
8 Determine the total consolidation p. -of the entlre proflle of com-

pressible soil from the sum of the settlement of - each stratum.
Equation 3-22
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Table 3-5. Concluded
Step - Description
)
Pe = ¥ Po .
3= ) . ~
9 Correct p, for effect of overconsolidation and small departures from

1-D compression on the initial excess pore pressure using the Skempton
and Bjerrum procedure, Eguation 3-24

Pic © }'pc

where X is found from Figure 3-15. 4 = 1 if B/H > 4 or if depth to
the compressible stratum is > 2B. The egquivalent dimensicn of the
structure when corrected to the top of the compressible stratum B,
is found by the approximate distribution B, = (B'L')®* where B’
=g +z2 and L* =L + 2z , B = foundation width, L = foundation
length and z = depth to top of the compressible soil profile. Sub-

stitute B, for B in Figure 3-15. p,. is the corrected consoli-

dation settlement. This correction should not be applied to bondedr

clays. .
where . L

e

p.. = consolidation settlement of stratum j , ft ) v
Ae. = change in void ratio of stratum 3j , e, - eg . )
e,; = initial void ratio of stratum j at iritial pressure 0 o1 . e o®
e,. = final void ratio of stratum J at final pressure G’ I e ®
H, = height of stratum 3j , ft o e
The final wvoid ratio may be found graphically using the final pressure oy oL %éf

illustrated in Figure 3~12a. The change in void ratio may be calculated by'--azi

; .
Aej =C.* logw% o (3_21;) B

ol . o)

where ¢, is the slope of the field virgin consolidation curve or .compression” |
imdex. Figure 3-13 illustrates evaluation of C from results of a 1-D con- -
solidation test. Table 3-7 illustrates some empirical correlations of G, =
with- natural water content, void ratio, and liguid limit. Refer to Chapter o, " .
T 5-818-1, for further estimates of C, I

{¢} Total consclidation settlement p, of the entire profile of comp:eséible
scil may be determined from the sum of the settlement of each o
stratum )

n ‘-. . .

Pc= E pt.'j : - --(3-_22) o

- 3= B . - '
where n is the total number of compressible strata. This settlement is con- =
sidered to include mioch of the immediate elastic compression settlement p. ., ' -
Equation 3-1. '
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Table 3-7

Estimates of the Virgin Compression Index, C:

Soil C.

Organic soils with sensitivity 0.009(LL - 10} -
less than 4

Organic soils, peat 0.0115W,
Clays 1.15(e, - 0.35}
0.012w,

0.01(LL - 13)
Varved clays (1 + e,)- [0.1 + 0.0C06(%W. - 25}]
Uniform silts 0.20
Uniform sand

Loose 0.05 to 0.06
Dense 0.02 to 0.03

Note: LL = liguid limit, percent
W, = natural water content, percent
e, = initial wvoid ratic

final effective vertical applied pressure o/ exceeding the preconsolidaticn
stress ¢, . Reloading a specimen in the consolidometer will give the labora-
tory curve shown in Figure 3-12b.

{a) Reconstruction of the field virgin consoclidation curve with slope
C. may be estimated by the procedure in Table 3-6b. Refer to Table 3-7 for
methods of estimating C.

(b} The rebound loop in the laboratory curve is needed to develop the
recompression line BF . Evaluation of the recompression index ¢, is illu-
strated in Figure 3-13. The recompression index is equal to or slightly smal-
ler than the swelling index, C, . Approximate correlations of the swelling
index are shown in Figure 3-14.

’ - ®

{c) Settlement p, of stratum j in inches may be estimated as the
sum of recompression and virgin consolidation settlements. The final void
ratio is found graphically from Figure 3-12b. The change in void ratio may be
calculated by ' :

/ '
o a
Aey = C, * log,,—22 + C. * log,,—2 (3-23)
Ooy 9py
where C, is the average slope of the recompression line BF . If oOf <
of, .ignore the right-hand term of Equation 3-23 containing €, and substitute
o ¢y for ai; in the term containing ¢, . Settlement of stratum j is
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1. Introduction

The calculation computes the ground surface profile including the upper bounds of the
settlement, slope, and the curvature of the slope due to the compression of soft zone. The
settlement at ground surface will distribute in the form of an error or normal probability function
(Ref. 1).

2. Input

2.1 Geometrical Configuration

The foundation of the Saltstone Vault No. 2 is approximately at 268 feet, MSL. The ground
surface elevation at the project site after closure is approximately 305 feet, MSL (Ref. 2). One
significant soft zone was found at the project site. The top and bottom of this soft zone are
177.6 and 163.2 feet, MSL, respectively, the width of the soft zone is within 150 feet, and the
soft interval thickness is 14 feet {Ref. 3).

2.2 Soft Zone Properties

Two samples were taken from the soft zone, sample ID Z-V2-B1U-P31V, between elevations
177.2 and 176.7 feet, MSL; and sample ID Z-V2-B1U-PS1H, between elevations 177.7 and -
177.2 feet, MSL

Test results from sample Z-V2-B1U-PS1V include:
Initial void ratio g, is 0.92 (Ref. 3, p. 126)
Compression index C. is 0.196 (Ref. 3, p. 14)
Over-consolidation ratio OCR is 0.9 (Ref. 3, p. 14)
Moisture contents: 35.5%, 32.4%, and 34.9% (Ref. 3, p.13)
Compression ratio CR = C/{1 + e,}) = 0.196

Test results from sample Z-V2-B1U-PS1H include:
Initial void ratio ey is 0.72 (Ref. 4).
Moisture contents: 25.7%, 28.8%, and 31.6% (Ref. 4)

Based on these test results, the compression ratio, CR for initial void ratio of 0.72 is Cc/{1 + e,)
or 0.114 and the average moisture content is 31.5%.

These initial void ratios, compression index, OCR, moisture contents, and compression ratio
are within reasonable ranges as results found from soft zones elsewhere within the Savannah
River Site (Ref. 5, p. 30 and 31).

Using the correlation developed for the soft zone at the SRS (Ref. 5, p. 45 Fig. 13 and p. 46
Fig. 14), based on an average moisture content of 31.5%, both the compression index C. of
0.196 and the compression ratio CR of 0.114 for the project site are very consist with the
results from the S-Area, the area closet to the project site and covered in Reference 5. Both
the compression index and the compression ratio appear to be reasonable.

3. Computations
3.1 Soft Zone Compression '
The compression of the soft zone sg at depth is estimated assuming full overburden pressure:

ss = H{C/(1 + &,)} log {{P, + AP)/P.}
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Where s is the compression of the soft zone and H is the thickness of the soft zone. C, and
eo were described in the previous section. When the arch above the soft zone is weakened
the P, + AP term is equal to the overburden pressure and the P, term in the denominator is the
soft zone preconsolidation pressure. In this instance the equation becomes:

ss = H {C./(1 + e,)} log (1/0CR)

Where OCR is the over-consolidation ratio of the soft zone. Using the project site-specific soil
properties provided in the previous section, choosing a conservative e, of 0.72, the
compression of the soft zone is:

ss = H {CJ/(1 + &)} log (1/OCR) = 14 x 0.196/(1 + 0.72) x log (1/0.9) = 0.0730 feet
or s5=0.876 inches.
3.2 Methodology for Computing Surface Settlement

A vertical slice of subsurface with unit thickness perpendicular to the longitudinal direction of
the soft zone was considered. Ground settlement propagated from subsurface deformation
was computed considering the surface setilement profile resembles the shape of an error or
normal probability curve (Ref. 1). The surface settlement s(x) at any point x is:

s(x) = s(0) Exp.{-*/(21%)} (1)
Where i is the distance from the center of the normal probability curve to the point of inflection:

i = Wi2m)" (2)
and W is the half width of the normal probability curve and may be estimated as (Ref. 1):

W =ztan B + Wez/2. (3)
where:

z is the soft zone depth and
Be is based on soil type
The volume lost at-depth due {o compression of soft zone can be computed as:
Vi =85 Wgz (4)

Where ss is the compression of the soft zone computed in the previous section and Wgz is the
width of the soft zcne.

As the soft zone collapses, the volume of the soil above the soft zone will be increased as a
result of dilation and loosening as the soil stresses redistribute. For granular soils, appreciable
volume changes can occur in the soil as a result of disturbances and displacement (Ref. 1).

The volume of the surface settlement is:
Vs = Rs,q_VL (5)

where Rg, is the ratio of the volume of the surface settlement to the volume lost at-depth due
to compression of the soft zone. Substituting Equation (4) into Equation (5):

Vs = Ren 85 Wsz, {6)
Surface settlement at the center of the normal probably curve is:

s(0) = Vo/W (7}
Substituting Equation (6) into Equation (7)

$(0) = Rsn 85 Wsz /W (8)

Substituting Equation (8) into Equation (1), settlement at any point x can then be expressed as
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s(x) = Rsn ss Wsz /W Exp[-x%/(2i%)] (9)
Figure 1 illustrates the properties of a normal probability curve settlement trough.
3.3 Surface Settlement due to the Compression of a Narrow Soft Zone

The assumption of normal probability is for underground disturbance over a short width.
Assume the width of the soft zone is:

Wez = 5 feet

For the project site, at elevation of the foundation, 268 feet, MSL, the distance to the average
depth of the soft zone is:

z= 268 —(177.6 +163.2)/2 = 97.6 feet

For SRS soil conditions B falls between 33 and 50 degrees. For sands below groundwater
level, B is generally greater than 50 degrees. A smaller 3 will provide conservative values of
maximum slope and maximum change of slope (Ref. 1) at the project site, consider = 33
degrees:

W =z tan B + Wgz/2 = 97.6 tan(33°) + 5/2 = 65.882 feet
i = W/(2r)'"? = 65.882/(2r)'"? = 26.283 feet

The volume of the surface settlement is generally one third to two thirds less than the volume
of lost ground (Ref. 1). In this calculation, Rsa is considered to be 2/3

$(0) = Rey 5s Wsz /W = (2/3) x 0.876 x 5/65.882 = 0.0443 inches
Equation 1 become:

s(x) = 0.0443 Exp {-<*/(2 x 26.283%)} inches
or  s(x)=0.0443 Exp(-x*/1381.59) inches
3.3 Surface Settlement Considering Various Widths of Soft Zone

A wide soft zone can be considered as a series of narrow soft zones located one next to the
other. Surface settlement due to a wide soft zone was computed by superimposing trough
computed for narrow soft zone many times to simulate the desired width. In this calculation, a
series of troughs considering 5-foot width soft zones were superimposed to simulate soft
zones representing various widths of the soft zone.

Figure 2 presents the multiple troughs and their combined settlement for various widths of soft
zone. Figures 3 through S present the settlement, slope, and curvature at the surface
considering various widths of soft zone. The maximum settlement, maximum differential
settlement, maximum slope, maximum curvature, and the ratio of the maximum settlement at
the surface to the soft zone compression are also summarized in the following table:

Maximum Ratio of
Soft Zone Maximum Differential Maximum Maximum Maxi
aximum
Settlement Settlement
Width Settlement within Slope Curvature
. to Soft Zone
Foundation Compression
(feet) (inches): width . (feet/feet) (per foot) po
. (%)
{inches)
25 0.214 0.202 0.00040 0.000024 24%
50 0.384 0.368 0.00064 0.000034 449,
75 0.495 0.450 0.00073 0.000029 56%
100 0.550 0.450 0.00074 0.000019 63%
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125 0.574 0.389 0.00074 0.000017 66%
150 0.581 0.289 0.00074 0.000017 66%
Maximum . 0.581 0.450 0.00074 0.000034 66%

3.5 Reaction Under a Rigid Foundation

Foundations can be designed as flexible foundation or rigid foundation. For the case of a
flexible foundation, the foundation is considered to be deformed in the same shape and
magnitude as the settlement profile provided in the above section.

For the case of a rigid foundation, soil under the slab will be settled equally but the reaction on
the foundation will not be uniform.

Based on the differential settlement of 0.45 inches and an average subgrade modulus of 17
pci {Ref. 5), the reaction at the center of the trough could be less than the reaction away from
the center in the amount of:

p =k y =17 pci x 0.450 inches = 7.65 psi = 1,100 psf

4. Results

Considering the upper limits for the settlement, slope, and curvature of the slope for various
width of the soft zone. The following is recommended for design:

The maximum settlement is 1/2 inch
The maximum differential settlement is 1/2 inch

For the design of a flexible foundation, consider maximum slope of 0.00075 feet/feet and
maximum curvature of the slope of 0.000035 per foot.

For the design of a rigid foundation, consider the reaction of the soil under the center of the
foundation is 1,100 psf less than the pressure at the perimeter of the foundation, distributed in
the form of a parabola with the vertex at the center of the tank.
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