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1. Introduction 

The Saltstone Production Facility (SPF) immobilizes salt solution by blending it with a dry material 
mixture containing cement and flyash to form a grout.  The grout is pumped to the Saltstone 
Disposal Facility (SDF), which contains large storage disposal cells, where it is allowed to harden 
into a concrete-like solid waste form called saltstone. 

A new set of disposal cells, Disposal Cells No. 3 and 5, will be constructed to store saltstone.  The 
new disposal cells are located approximately 1,000 feet northeast of Vault 2, currently under 
construction, see Figure 1.  The Disposal Cells No. 3 and 5 basic design consists of a cylindrical 
type disposal cell.  The cylindrical disposal cells will be constructed of pre-cast concrete panels that 
will be erected on a poured in place concrete base slab (Ref. 1).  The concrete disposal cell will be 
encased in a High Density Polyethylene (HDPE) and Geosynthetic Clay Liner (GCL) system. 

An excavation of approximately 400 feet by 450 feet, 2 to 14 feet deep, will be excavated during the 
construction process.  After the construction of the tanks is complete, soil will be backfilled around 
the tanks.  A final cover system will be installed after the operational life of the disposal cells.  The 
final cover system will include a soil cover ranging from 10 to 23.5 feet high. 

The subsurface conditions in Z-Area were previously investigated and presented in reports prepared 
by WSRC and geotechnical engineering consultants.  A comprehensive geotechnical investigation 
was conducted for the Disposal Cells No. 3 and 5 project site and the results are summarized in this 
report.  The scope of this investigation included performing subsurface explorations to collect site-
specific data, characterization of the subsurface conditions, laboratory testing, and calculations to 
determine: recommended soil properties, bearing capacity, liquefaction potential, liquefaction 
settlement, settlement due to the compression of soft zones, and slope stability. 

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.  The following appendices are included with this report. 

• Appendix A – Stratigraphy 

• Appendix B – Test Data / Soil Properties 

• Appendix C – Bearing Capacity and Static Settlement 

• Appendix D – Liquefaction Analysis 

• Appendix E – Soft Zone Analysis 

• Appendix F – Slope Stability Analysis 
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2. Subsurface Exploration 

Prior to performing subsurface investigations at SRS, the location is hand augered to a depth of 6 
feet to check for underground interferences.  Bag samples may be collected from these hand auger 
cuttings, or from the auger used to advance the boreholes.  In the case of cone penetration tests 
(CPTs), no data is collected in the first 6 feet due to the hand augered hole.  

2.1 Cone Penetration Tests (CPTs) 

Seventeen (17) CPT soundings were performed for the Disposal Cells No. 3 and 5 subsurface 
investigation.  Of the 17 CPTs, nine (9) were seismic cone penetration tests (SCPTs).  The 
coordinates and elevations of the test locations are found in Table 1.  Figure 2 provides a plan view 
of the locations.  CPT logs, including shear wave velocity profiles, are included in Appendix B. 

2.2 Geotechnical Boreholes 

Four (4) geotechnical boreholes were drilled at the project site.  Disturbed Standard Penetration Test 
(SPT) samples were taken in two boreholes, while undisturbed samples were collected in the other 
two boreholes.  Boring logs are found in Appendix A.  Bag samples were collected from the hand 
auger process and auger cuttings between 0 to 5 feet and 5 to 10 feet below ground surface from 2 of 
the boreholes. 

2.2.1 Standard Penetration Test 

SPT testing was performed in boreholes Z-V3V5-B01 and Z-V3V5-B04.  SPT samples were taken 
continuously between 10 and 35 feet and at 5-foot intervals thereafter.  The boreholes were 
terminated at a depth of 150 feet. 

Standard Penetration 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 middle 12 
inches of the standard 24-inch drive.  The SPT energy measurements were taken for the same 
equipment and the average energy transferred was about 81 percent (Appendix B).   

2.2.2 Undisturbed Soil Samples 

Undisturbed soil samples were taken in Z-V3V5-B02 and Z-V3V5-B03 with Shelby tubes in 
accordance with ASTM D 1587.   

2.3 Laboratory Tests 

Laboratory tests were performed on the disturbed and undisturbed samples taken during this 
investigation.  Lab tests include index tests, triaxial tests, and consolidation tests.  Modified proctor 
tests were performed on the bag samples.  Laboratory results are included in Appendix B.    
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3. Subsurface Conditions 

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, and Z-Area, where Saltstone 
Disposal Cells No. 3 and 5 will be located. 

Subsurface conditions at the project site are described using an adaptation of the nomenclature 
developed by Mueser Rutledge Consulting Engineers (MRCE) and SRS geologic layers (Ref. 2, 3).  
Appendix A defines engineering layers based on boreholes and CPT soundings.  Table 2 provides 
the stratigraphy in terms of geologic and engineering layers.  

The subsurface conditions at the project site are similar to the general subsurface conditions in the 
GSA.  Cross sections of the subsurface at Disposal Cells No. 3 and 5 are illustrated in Figures 3, 4, 
5, and 6.  

Table 1 provides the elevation of each engineering layer at each CPT and SPT borehole location.  
Table 3 provides the statistics of CPT tip resistance, friction ratio, pore pressure, and SCPT wave 
velocities for each engineering layers.  Table 4 provides the statistics of SPT N-value for each 
engineering layers.  The site stratigraphy (engineering layers) is described in the following sections 
in descending order from the ground surface. 

3.1.1 Top Soil 

Top soil at the site is approximately 1 foot thick and will be removed during excavation.   

3.1.2 Fill 

No fill materials were encountered at the project site.   

3.1.3 S1/2 Layer 

The S1/2 layer consists of the Upland, the Tobacco Road, and the upper Dry Branch formations 
(geologic units).  The contact between the Tobacco Road and Upper Dry Branch formations is 
generally difficult to distinguish.  However, the engineering properties for these formations are 
similar, 

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

The Tobacco Road 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 S2 layer also consists of the upper portion of the Dry Branch Formation (geologic unit).  The 
Dry Branch Formation is present across the S2, C2, and S3 engineering layers, as described later.   
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3.1.4 C2 Layer  

The Tan Clay (C2) layer is part of the Dry Branch Formation.  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.   

3.1.5 S3 Layer 

From a geologic perspective, the S3 layer (lower Dry Branch Formation) can be subdivided into S3a 
and S3b as described below.  Since engineering properties for the subdivided layers are similar, a 
single S3 layer was used for engineering purposes.   

The 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.   

3.1.6 S4 Layer 

The S4 layer (Santee/Tinker formation) extends from the bottom of the S3 formation to the top of 
the M1 layer (Warley Hill formation).  The material consists of dense to very dense light gray-green 
calcareous fine to medium sand with some clay, 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 the presence of limestone layers within 
the calcareous sands. 

3.1.7 M1 Layer 

The M1 layer (Warley Hill formation) 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.  A pick for the M1 layer was not determined during this evaluation. 

3.1.8 Congaree Formation 

The Congaree Formation generally consists of poorly graded coarse sands with silts.  The material 
generally classified as SP-SM. 

3.2 Groundwater 

The average groundwater elevation in the vicinity of the project site is estimated at to be between 
215 and 220 feet, MSL.  A seasonal fluctuation of 5 feet was used for analysis.  

3.3 Soft Zones 

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 
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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 drill 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 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 characterized as a void. 

For this project site, soft zones are indicated from SPT N-values less than 5 or CPT tip resistances 
(qt) less than 15 tons per square foot (tsf) within the S4 layer.  The S3 layer contains a few lenses of 
less than 15 tsf material, but these occur higher in the soil column and are not considered soft zones 
associated with the dissolution of carbonate rich sediments. 

 



Saltstone Disposal Cells No. 3 and 5  K-ESR-Z-00002, Rev. 0 
Geotechnical Investigation Report  July 2009 
 

 6 

4. Engineering Properties 

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

As presented in Section 2, field explorations included CPTs and geotechnical boreholes with SPTs 
and undisturbed samples.  CPTs were conducted to acquire tip resistance, sleeve friction, shear and 
compression wave velocities, and pore pressure.  SPTs were conducted to acquire blow counts and 
soil samples for classification purposes.  Undisturbed soil samples were obtained from geotechnical 
boreholes for strength and consolidation testing.  Laboratory tests were performed on selected soil 
samples obtained from undisturbed sampling and from SPT sampling.  Laboratory tests include 
sieve analysis, determination of Atterberg Limits, unit weight, strength tests, and consolidation tests.     

Appendix C provides the details of evaluating data from field exploration and laboratory testing.  In 
addition, theoretical relationships were used to compute Poisson’s ratio (Appendix B) and empirical 
formulas and historical data were used to estimate subgrade modulus (Appendix C).  Engineering 
properties are summarized in Appendix B. 
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5. Engineering Evaluations 

Engineering evaluations were performed to determine bearing capacities, liquefaction potential, and 
slope stability.  Appendix C provides the evaluation of bearing capacity and settlement, Appendix D 
provides the evaluation of liquefaction potential, Appendix E estimates subsidence associated with 
the compression of soft zones, and Appendix F provides an evaluation of slope stability.   

5.1 Bearing Capacity 

Ultimate bearing capacity and allowable bearing capacity were computed using site specific soil 
strength parameters.  The design bearing capacity was computed using site specific soil strength 
parameters factored by the appropriate strength reduction factors.  The allowable bearing capacity is 
used for design of foundations when the allowable stress design method is utilized.  The design 
bearing capacity is used for the design of foundations when the strength method is utilized. 

A more detailed analysis of bearing capacity is found in Appendix C. 

5.1.1 Ultimate Bearing Capacity 

For φ > 0°, the ultimate bearing capacity qu is computed using the equations originated by Terzaghi 
and later modified by others.  Hansen’s correction factors will be used for this calculation, as they 
result in lower values of bearing capacity (Ref. 4).  

(Terzaghi)    
2

rBGIDSNBBGIDSNqBGIDScNq z
qqqqqqqccccccu γγγγγγ

γ
++=   

where c = cohesion,  

  qq = overburden or surcharge pressure at the foundation base, 

  γz = effective unit weight of soil below the foundation base, 

  B = foundation width, 

  rγ = foundation width reduction factor. 

Nc, Nq, and Nγ are bearing capacity factors; Sc, Sq, and Sγ are foundation shape factors; Dc, Dq, and 
Dγ are depth factors; Ic, Iq, and Iγ are load inclination factors; Bc, Bq, and Bγ are foundation base 
inclination factors; and Gc, Gq, and Gγ are ground inclination factors.  Further details on the 
computation of ultimate bearing capacity are found in Appendix C. 

The equations above were used to compute the bearing capacities for an individual tank (150 ft 
diameter) and for the excavation limit (400 ft by 450 ft), which represents the area loaded by the fill 
soils associated with the disposal cells.  The bearing capacities of an individual tank controlled, 
relative to the larger excavation limits, and are presented herein. 

Using the equations listed above, the ultimate bearing capacity, or pressure required to cause a 
bearing failure of an individual tank (150 ft diameter) is: 

qu = 41,000 psf. 
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5.1.2 Allowable Bearing Capacity 

The allowable static bearing capacity qa is calculated by dividing the ultimate bearing capacity by a 
factor of safety.  Considering a factor of safety of 3,  

FS
qq u

a = = 13,900 psf 

The allowable dynamic bearing capacity (temporary dynamic loading, non-seismic) is calculated by 
a ⅓ increase in allowable static bearing capacity 

adyn qq 3
11=  = 18,500 psf 

5.1.3 Design Bearing Capacity 

The design bearing capacity qΦ, used for Load and Resistance Factored Design (LRFD), was 
computed with the same equations as the ultimate bearing capacity, using reduced soil strength 
parameters.  A strength reduction factor (fc) of 0.5 was applied to the cohesion and a strength 
reduction factor (fφ) of 0.8 was applied to the tangent of φ such that (Ref. 5). 

( )φφ φ tantan 1 f

cfc

red

cred
−=

=
 

(Terzaghi)    
2

rBGIDSNBBGIDSNqBGIDSNcq z
qqqqqqqccccccredu γγγγγγ

γ
++=   

Considering an effective cohesion of 200 psf and an effective friction angle of 30°, the reduced 
cohesion, cred, is 100 psf and the reduced friction angle, φred, is 24.8 degrees.   

The bearing capacity factors, shape factors, and depth factors are calculated using the reduced 
cohesion and reduced friction angle, resulting in a design bearing capacity of 30,200 psf.    

The strength reduction factor, Φ, is the ratio of the design bearing capacity to the ultimate bearing 
capacity: 

 Φ = 16,900 psf / 41,000 psf = 0.41 

5.2 Settlement and Heave 

The excavation needed to support the construction of Disposal Cells No. 3 and 5 will range from 2 
feet to 14 feet below ground surface.  The removal of this overburden material represents a reduction 
in overburden stress ranging from approximately 250, to 1,700 psf.  After operation of the Saltstone 
facility is complete (backfill and tank filling) approximately 3,000 psf will have been added at 
elevation 261 ft, msl.  After installation of the closure cap (10 to 23.5 feet thick) is completed, a total 
of 4,300 to 6,000 psf will have been added at elevation 261 ft, msl. 

Settlement and heave of the soil column are summarized in the following sections.  Appendix C 
contains more details of the computations. 
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5.2.1 Heave 

The Vault 2 disposal facility is located approximately 1000 feet southeast of the Disposal Cells No. 
3 and 5 facility.  The Vault 2 facility, which had 7 to 19 feet of overburden (900 to 2300 psf) 
removed during excavation, experienced approximately ¼ inch to 1 inch of heave.  Similar heave 
movements are expected during the Disposal Cells No. 3 and 5 excavation.  As a check, heave was 
also estimated from laboratory test results. 

5.2.2 Burland and Burbidge 

The Burland and Burbidge method estimates the immediate settlement of cohesionless soils, S0, 
based on SPT data.  The soil is assumed to be consolidated to the overburden pressure prior to 
excavation (Ref. 6). 

( )
vo

I
s

vocvos

s

qBqffS

qIBqffS

IBqffS

c σ

σσ

′<′××′××=

′>′××′−′××=

××′××=

for                      

for       

sand edconsolidatnormally a for                     

3
7.0

10

7.0
3
2

10

c
7.0

10

 

where fs = shape factor, ( )

2

25.0
25.1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

×
=

BL
BLfs  

fi = layer correction factor, ⎟
⎠
⎞⎜

⎝
⎛ −=

111 2 Z
H

Z
Hf  

q' = average effective bearing pressure  

σ'vo = effective overburden  

H = thickness of the layer 

Z1 = depth of influence of loaded area 

 = 1.35B0.75 for constant or increasing Nave with depth 

 = 2B for decreasing Nave with depth 

Nave = average SPT blow count over depth of influence 

Ic =compressibility influence factor, 0.23/Nave
1.4

  

Upper and lower settlements may be determined by modification of Ic (Ref. 7): 

Lower bound settlement is computed using Icmin = 0.08/Nave
1.3 

Upper bound settlement is computed using Icmax = 1.34/Nave
1.67  

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

 St = ft S0 

where ft = 1 + R3 + Rc log (t/3) 
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Ri and Rc are the time–dependent settlement ratios, for t = 30 years 

 R3 = 0.3 for static loads or 0.7 fluctuating loads 

Rc = 0.2 for static loads or 0.8 fluctuating loads 

Assuming static loads, 

 ft = 1 + 0.3 + 0.2 log (30/3) = 1.5 

Therefore, total settlement at t = 30 years is: 

 St = 1.5 S0 

The depth of influence for the excavation is approximately 120 feet using the Burland and Burbidge 
method.  The immediate settlement calculated immediately prior to cap installation (pre-closure) is 
based on original excavation depths of 2 and 14 feet.  Settlements after the completion of the cap 
(and 30 years after) are based on the original excavation depths (2 and 14 feet) and two cap 
thicknesses (10 and 23.5 feet).   

The lower bound, upper bound, and average settlements were computed using Icmin, Icmax, and Ic as 
described earlier.  For phases after closure cap completed, lower bound settlements are computed by 
averaging the 4 lower bound settlements using minimum and maximum excavation depths and 
minimum and maximum cap thicknesses, while upper bound settlements were computed by 
averaging the 4 upper bound settlements.  The average settlement is the average of four settlements 
computed using Ic.   

The average, lower, and upper bound settlements are given in the table below for the different 
phases of construction and operation.  Due to the cohesive nature of the soil, settlements associated 
with the C2 layer were not included.  The following table presents the settlement values using the 
Burland and Burbidge method. 

 

Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Immediate After Operation is Complete 0.9 4.6 1.9 
Immediate After Closure Cap is Complete 1.8 8.8 3.7 
30 Years After Closure Cap is Complete 2.7 13.1 5.5 

5.2.3 Schmertmann Method 

The Schmertmann method estimates the immediate settlement of cohesionless soils, S0, based on 
CPT data (Ref. 7): 

 zi
n

i si

i
t I

E
z

PCCS ×
∆

×∆××= ∑
=1

10  

where  C1 = strain relief from embedment correction factor, C1= 1 – 0.5 σ’
vo / ∆p ≥ 0.5,  

 Ct = correction for time-dependent increase in settlement and Ct = 1 + 0.2 log (t/0.1) 
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  t = in years,  

for t = 30 years, Ct = 1 + 0.2 log (30/0.1) = 1.5 

 ∆P = net applied footing pressure 

 ∆zi = depth increment i, 

 σ’
od = effective overburden at base of foundation 

Izp = peak influence factor  

 
5.0

1.05.0 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

′
∆

+=
Izp

P
σ

 

 Izi = influence factor of soil layer i 

 Esi = elastic modulus of soil layer i 

= 2.5 qc for L/B = 1 

= 3.5 qc for L/B ≥ 10 

where qc is the average tip stress of soil layer i in tsf.  For this evaluation, thickness of each soil layer 
(depth increment) is 1 foot.  The depth was determined relative to the foundation elevation, 261 ft, 
msl.  The influence factor of a soil layer can be calculated based on the geometry of the foundation 
(Ref. 8).  See Appendix C for further calculation details. 

Previous analyses performed for the Vitrification Building, 221-S, found that the estimated 
Schmertmann settlements were more than double the measured settlements, likely due to the 
methodology underestimating the elastic modulus for the cohesionless soils present at SRS (Ref. 9).  
Realistic results may be obtained by dividing the Schmertmann result by a conservative adjustment 
factor of 2.  The results are summarized in the table below. 

Energy corrected SPT blow counts in the Congaree range from 70 to refusal and CPTs refused on 
the top of the Congaree (approximately 700 tsf, Z-V3V5-C10).  A value of 350 tsf tip stress was 
used in this analysis for Congaree soils.   

The Schmertmann settlement analysis was performed for all 17 CPTs and SCPTs.  Average tip 
stresses were computed on 1-foot intervals, relative to the depth below the bottom of the foundation 
(i.e. 261 ft, msl).  CPTs which refused at shallow depths were supplemented with the average tip 
stress values from the remaining CPTs for the corresponding 1-foot intervals.  Due to the cohesive 
nature of the soil, settlements associated with the C2 layer were excluded by setting Izi equal to 0 for 
each C2 1-foot interval. 

 

Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Immediate After Operation is Complete 2.9 3.7 3.2 
Immediate After Closure Cap is Complete 4.2 7.7 5.7 
30 Years After Closure Cap is Complete 6.3 11.5 8.5 
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5.2.4 Settlement of Cohesive Layer 

Settlement of the cohesive layer C2 was computed using one dimensional consolidation theory. 

For normally consolidated soils: 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ ∆+
+

= '

''
log

1 o

o

o

c
e
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σσ  

For over consolidated soils 

where '''
po σσσ <∆+  
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where 
• H = thickness of cohesive layer 
• Cc = virgin compression index 
• Cr = recompression index 
• σo

’ = initial effective overburden pressure 
• σp

’ = preconsolidation pressure 
• ∆σ’ = change in effective pressure 
• eo = initial void ratio 

Beneath the southeastern tanks (Tanks #3B and #5B) the C2 layer is approximately 11 feet thick and 
33 feet below the bottom of the excavation.  Beneath the northwestern tanks (Tank #3A and #5A) 
the C2 layer is approximately 5 feet thick and 39 feet below the bottom of the excavation.  Beneath 
the northern tank (Tank #3A), the C2 layer ranges from 0 to 4 feet under half of the tank. 

Maximum consolidation settlement within the C2 layer occurs where the C2 layer has the greatest 
thickness (southeast corner of the site, Tank #5B).  The C2 layer “pinches out” towards the 
northwestern corner (Tank #3A) of the site.  Thus the minimum consolidation settlement of the C2 
layer is zero.  Average Cc and Cr values for the C2 layer used in this calculation are 0.50 and 0.11, 
respectively.  These values were interpreted from two consolidation tests within the site, as well as 
testing from the Vault 2 subsurface exploration.  Overconsolidation ratios (OCR) for the C2 layer 
indicated the layer is normally consolidated.  Estimated consolidation settlements of the C2 layer are 
summarized in the table below. 
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Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 
Heave After Excavation 0 -0.6 -0.4 

Immediate Settlement After Operation is Complete 0 1.8 1.8 
Immediate Settlement After Closure Cap is Complete 0 5.1 3.8 

Site experience in other areas on site also indicates that the rate of secondary consolidation for the 
site is small, on the order of ¼ inch over 30 years, for structural loading ranging from 3 to 6 ksf 
(Ref. 9).   

5.2.5 Summary of Settlement and Heave 

Heave within the excavation for Disposal Cells No. 3 and 5 is expected to range from ¼ inch to 
approximately 1 inch.  Settlements were computed for the soil column above the Congaree 
formation (considered to be incompressible) with the Burland and Burbidge method.  For the 
Schmertmann method a tip stress of 350 tsf was assigned to the Congaree Formation and soil layers 
beneath the Congaree Formation.  Due to the cohesive nature of the C2 layer soils, the settlement of 
the C2 layer was excluded from the Burland and Burbidge method and Schmertmann method as 
described in Appendix C. Therefore, the consolidation settlement of the C2 layer was calculated 
separately and added to the settlements determined by the Burland and Burbidge method and the 
Schmertmann method.   Total static settlements are summarized in the Table 5. 

5.3 Dynamic Settlement 

Dynamic settlement includes the settlement due to liquefaction and/or partial liquefaction and the 
settlement due to the compression of soft zones.  The following sections contain a summary of the 
liquefaction potential and the resulting settlements.  Also contained in the following sections is an 
assessment of soft zone settlement potential.  Appendix D and Appendix E contain the liquefaction 
and the soft zone calculations, respectively. 

5.3.1 Liquefaction Potential 

The liquefaction potential for the Saltstone Disposal Cells No. 3 and 5 is evaluated using a modified 
version of the “Simplified Procedure for Evaluating Soil Liquefaction Potential” (Ref. 10, 11, 12).  
The simplified procedure calculates the liquefaction factor of safety as the ratio of Cyclic Resistance 
Ratio (CRR) to the Cyclic Stress Ratio (CSR) generated by the earthquake.   

 Factor of Safety = 
CSR

MSFKKKCRR age ⋅⋅⋅⋅
= ασ5.7   

Where 
 Kσ = overburden correction factor 
 Kage = aging correction factor 
 Kα = static shear stress correction factor 
 CRR7.5 = cyclic resistance ratio for magnitude 7.5 earthquake (soil capacity) 
 CSR = cyclic stress ratio generated by earthquake (earthquake demand) 
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Appendix D contains further details on the computation of the factor of safety. 

Full liquefaction has been defined previously at SRS as occurring at factors of safety less than 1.15.  
Partial liquefaction occurs for factors of safety less than 2.2, but greater than 1.15.  Once the factor 
of safety is determined, dynamic settlements are then calculated based on correlations between 
factor of safety and SRS site-specific volumetric strain curves. 

Liquefaction potential was computed using shear wave velocity data and CPT tip resistances to 
determine CRR values.  Both methods considered the Design Basis Earthquake (DBE) with a peak 
ground acceleration (PGA) of 0.20g.  The fines contents were determined using CPT correlations 
that were corroborated with laboratory testing. 

Liquefaction potential based on shear wave velocities indicates that the site is only slightly 
susceptible to liquefaction.  CPT determination of liquefaction potential were computed using two 
sets of CRR curves, the previous SRS site-specific curves and the current SRS site-specific curves.  
Both sets of curve produced similar results. 

5.3.2 Settlement due to Liquefaction and Partial Liquefaction 

Settlements were calculated using the SRS site-specific volumetric strain curves for each of the 17 
CPTs at Disposal Cells No. 3 and 5.  Figure 7 illustrates the relationship between factor of safety and 
volumetric strain.  Settlements were computed for each of the magnitudes in the USGS seismic 
hazard for SRS.  Figure 8 illustrates the liquefaction induced settlement for CPT Z-V3V5-C06.  
Illustrations of the liquefaction induced settlements for all other CPTs may be found in Appendix E.   

Settlements were not computed for the methodology that uses shear wave velocity to determine 
factor of safety, as the SRS specific correlations relate strain and CPT tip stress and not shear wave 
velocity.  Also, the factors of safety determined by shear wave velocity methodologies are generally 
higher than the CPT tip stress method.   

Settlement due to liquefaction, based on the new SRS CRR curves, ranges from ¼ inch to 2 inches 
with an average of less than 1 inch for the magnitude 7.5 earthquake, see Table 6.  The magnitude 
weighted average using the USGS PGA hazard dissagregation is less than ½ inch for the 2,500 year 
earthquake. 

5.3.3 Settlement due to the Compression of Soft Zones 

No significant soft zones were identified beneath Disposal Cells No. 3 and 5 during the subsurface 
investigation.  To provide a conservative estimate of surface settlement due to any soft zones that 
may exist between investigation locations, the soft zone configuration from Saltstone Vault No. 2 
was employed.  Surface settlements at a point x were computed as 

 sS = H {Cc/(1 + eo)} log {(Po + ∆P)/Po} 

 s(x) = RS/L sS WSZ /W Exp[-x2/(2i2)] 

where  RS/L is the ratio of the volume of the settlement to the volume lost at-depth 
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sS is the compression of the soft zone at depth 

WSZ is the width of the soft zone 

 i = W/(2π)1/2 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 = z tan β + WSZ/2 

where z is the soft zone depth  

β = tan-1{(W - WSZ/2)/Z} based on soil type 

Surface settlements for wide soft zones are calculated by superimposing settlement profiles for 
multiple narrow soft zones to simulate the desired width.  For Disposal Cells No. 3 and 5, a series of 
5-foot wide soft zones were utilized to represent soft zones ranging in width from 25 feet to 150 feet. 

The results of the soft zone analysis indicate that the maximum soft zone induced settlement is 
½ inch and the maximum differential settlement is ½ inch.  Maximum slope and curvature are 
0.0010 ft/ft and 0.00005 per foot, respectively.  Appendix E contains further details on the Disposal 
Cells No. 3 and 5 soft zone analysis.   

5.4 Subgrade Modulus 

The subgrade modulus is a foundation specific value and is not a specific soil property.  The 
subgrade modulus correlates foundation pressure and settlement by 

∆
=

pks  

where  p = foundation contact pressure (pounds per square inch, psi) 

 ∆ = foundation settlement (inches) 

The subscript s refers to the foundation size.  For example, k1 refers to the subgrade modulus for a 1-
foot square foundation.  When no subscript is used, the value refers to the subgrade modulus for the 
entire foundation. 

The subgrade modulus depends on the size and shape of the loaded area.  The k1 subgrade modulus 
estimated for for Disposal Units 3 and 5, based on SRS settlement data for large structures, ranges 
from 55 to 100 pci.    

5.5 Lateral Earth Pressure 

Lateral earth pressures within the fill material resulting from compaction were calculated using the 
method presented by Duncan et al. (Ref. 13).  The method calculations σh’ graphically and considers 
compaction effort and the method of compaction.  The compaction induced lateral earth pressures 
are summarized in Table 7 and presented in Figure 6.  See Appendix C for further details on the 
computation of lateral earth pressures. 
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5.6 Post Closure Slope Stability 

The post-closure geometry at the Saltstone Disposal Cells No. 3 and 5 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 anticipated that further slope stability analysis will be performed 
during final 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 F 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 loose lifts not exceeding 12 inches. 

Comparisons of subsurface conditions at Vault No. 4 (Appendix F, Figure 1) with those at Disposal 
Cells No. 3 and 5 show good correlation between Disposal Cells No. 3 and 5 and Vault No. 4 soils.  
The acceptable safety factors were chosen based on past experience at the SRS and 
recommendations from the literature.  For the static and pseudostatic (seismic) cases, the minimum 
acceptable safety factor was chosen as 1.5 and 1.0, respectively.     

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 F 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. Summary and Conclusions 

The geotechnical subsurface investigation for Saltstone Disposal Cells No. 3 and 5 collected 
information via standard penetration tests (SPT), undisturbed borings, cone penetrometer tests, 
(CPTs), and laboratory testing.  Subsurface conditions were characterized and soil properties were 
determined using site-specific data, as well as existing data from nearby areas.  Engineering 
evaluations were performed for bearing capacity, liquefaction potential, and slope stability.  
Settlements due to static loading, liquefaction, and soft zone compression were also computed.   

6.1 Bearing Capacity 

Bearing capacity for the Saltstone Disposal Cells No. 3 and 5 were determined for both allowable 
stress design and Load and Resistance Factored Design (LRFD) methods.  The values for an 
individual tank controls over the values for the overall excavation. 

1. For allowable stress design 

o Ultimate Bearing Capacity 41,000 psf 

o Allowable Static Bearing Capacity 13,900 psf 

o Allowable Dynamic Bearing Capacity 18,500 psf 

2. For LRFD design 

o Ultimate Bearing Capacity 41,000 psf 

o Design Bearing Capacity 16,900 psf 

o Strength Reduction Factor 0.41 

The theoretical bearing capacity, in either design approach, is significantly higher than the expected 
loading, therefore the foundation will have sufficient margin of safety against bearing failure. 

6.2 Settlement 

Average settlement values are summarized below for static and dynamic evaluations. 

6.2.1 Static Settlement 

Static settlements due to static loading, see Table 5. 

o Heave during excavation  ½ inch 

o Operations complete 4 inches 

o Closure Cap Complete 9 inches 

o 30 Years after Closure 11 inches 
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6.2.2 Dynamic Settlement 

Dynamic settlement due to liquefaction and partial liquefaction and the compression of soft zones 

o Liquefaction 1 inch 

o Soft Zone Settlements ½ inch 

o Total Dynamic Settlement 1 ½ inches 

The dynamic settlement will only occur after the design basis earthquake, which has a low 
probability of occurrence, 0.0004/year (2,500 year event).  The project site is slightly susceptible to 
liquefaction.  Estimated liquefaction and partial liquefaction induced settlements range from ¼ inch 
to 2 inches.  Compression of the soft zones is assumed to occur after the design basis earthquake, 
after which the compression will propagate to the ground surface causing surface settlement. 

6.2.3 Differential Settlement 

The differential static settlement is estimated to be the same magnitude as the average settlement.  
Liquefaction settlements are expected to occur rather uniformly and thus not contribute significantly 
to differential settlement. 

Maximum settlement and differential settlement of the soft zones are ½ inch. 

6.3 Subgrade Modulus 

The recommended subgrade modulus, k1, is 100 pci. 

6.4 Lateral Earth Pressures 

Compaction induced lateral earth pressures are summarized in Table 7. 

6.5 Slope Stability 

Both static and pseudo-static slope stability analyses show that the 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 
required once the final closure system configuration 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 neither static nor 
dynamic slope stability will be an issue. 

6.6 Monitoring and Inspection 

Heave markers shall be installed prior to the beginning of excavation and 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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A detailed footing inspection is highly recommended prior to forming or placing concrete for a mud 
mat or the mat foundation.  This is particularly important where the excavated depth to the bottom of 
the foundation is less than 6 feet.  In addition, a proof roll of the excavation should be conducted 
prior to the placement of a mud mat or form work for the mat foundation. 
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Table 1: Summary of CPT Tests and Stratigraphy 

    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevatio
n 

ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer 

Congare
e 

ZV3V5C1 SCPT 78429 66907 264.9 NP 224 185  
ZV3V5C2 CPT 78267 66960 268.6 221 215 184  
ZV3V5C3 CPT 78477 66813 263.9 NP 219 190  
ZV3V5C4 SCPT 78405 66836 266.8 NP 221 186  
ZV3V5C5 CPT 78325 66863 268.8 226 221 186  
ZV3V5C6 SCPT 78244 66889 268.8 229 217 187 144 
ZV3V5C7 SCPT 78173 66913 268.2 233 223 NDE  
ZV3V5C8 CPT 78374 66741 267.7 220 216 186  
ZV3V5C9 SCPT 78293 66768 270.4 225 216 173  

ZV3V5C10 CPT 78213 66794 270.7 227 211 178 144 
ZV3V5C11 SCPT 78414 66623 264.7 218 215 185  
ZV3V5C12 SCPT 78343 66646 268.1 219 216 186  
ZV3V5C13 CPT 78262 66673 272.0 225 221 184  
ZV3V5C14 SCPT 78181 66699 273.0 228 216 186  
ZV3V5C15 CPT 78110 66723 271.6 231 220 178  
ZV3V5C16 CPT 78319 66575 268.7 NP 228 186  
ZV3V5C17 SCPT 78158 66628 274.6 228 219 186  
ZV3V5B01 Boring 78395 66839 266.9 No Stratigraphy – Undisturbed Sampling 
ZV3V5B02 Boring 78235 66894 269.9 228 218 188 145 
ZV3V5B03 Boring 78333 66649 268.3 221 216 183 148 
ZV3V5B04 Boring 78171 66702 272.8 No Stratigraphy – Undisturbed Sampling 

Table 2: Summary of Engineering and Geologic Layers 

General Description USCS Engineering 
Layer 

Geologic 
Layer 

Medium dense to dense red-brown clayey fine sand SC Upland 

Medium dense to very dense fine to medium sand, some silt SM, SP-SM Tobacco Road 

Medium dense to dense medium sand with some  
clay and sandy clay layers SC 

S1/2 

Medium dense clayey fine sand interlayered  
with stiff silty clay CH C2 

Medium dense to dense medium sand with  
some clay and sandy clay layers 

SC, SP,  
SP-SM, SP-SC S3 

Dry Branch 

Dense to very dense calcareous fine to medium sand  
with some clay and silt SM, SC S4 Santee Tinker 

Hard clayey silt to very dense fine to medium sand MH M1 Warley Hill 

Dense poorly graded sands with silts SP-SM CG Congaree 
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Table 3: Summary of CPT and SCPT Data 

Layer Description 
Sleeve 

Friction 
(tsf) 

Corrected 
Tip 

Resis-
tance 
(tsf) 

Friction 
Ratio 
(%) 

Pore 
Pressure

(tsf) 

P 
Wave 
(fps) 

S 
Wave 
(fps) 

Poisson’s 
Ratio 

S1/2 Average 2.65 164.64 2.24 0.75 2500 1500 0.197 
 Minimum 0.55 39.39 0.44 -0.05 1557 947  
 Maximum 8.36 345.74 11.85 9.32 4198 3981  
 Standard Deviation 1.81 69.36 2.21 1.21 791 883  
 No. of Data Points 468 468 468 468 14 10  

C2 Average 1.20 46.28 2.65 1.98 3490 1050 0.450 
 Minimum 0.66 20.83 1.11 -0.01 2026 771  
 Maximum 2.37 118.24 5.20 5.25 6732 1404  
 Standard Deviation 0.45 26.73 0.90 1.41 1604 247  
 No. of Data Points 98 98 98 98 9 7  

S3 Average 2.06 143.86 1.95 1.52 3450 1230 0.427 
 Minimum 0.44 16.32 0.41 -0.12 1875 799  
 Maximum 6.65 397.06 6.67 10.65 6095 2086  
 Standard Deviation 1.48 106.78 1.33 1.92 1609 318  
 No. of Data Points 370 371 370 371 9 14  

S4 Average 3.35 124.28 3.21 4.25 6095 1525 0.456 
 Minimum 0.94 33.96 1.05 0.24 6095 1103  
 Maximum 9.06 518.16 7.30 12.89 6095 2756  
 Standard Deviation 1.93 90.90 1.33 3.13 0 620  
 No. of Data Points 151 156 151 156 1 11  

All Average 2.31 119.76 2.51 2.12 3884 1326  
 No. of Data Points 1087 1093 1087 1093 34 42  

 

Table 4: Summary of SPT Statistics 

 
Description 

 
S1/2 C2 S3 S4 

Average 24 9 17 55 
Minimum 16 6 WH 11 
Maximum 35 31 37 50 in 3 inches 

Standard Deviation 5.1 6.9 11.0 35.7 
No. of Data Points 28 4 17 55 

Average Corrected N60 32 12 23 74 

WH: Weight of Hammer 
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Table 5: Summary of Static Settlements 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 

Heave ¼ 1 ½ 
Operation Complete 2 6 4 

Closure Cap Complete 3 13 9 
Closure Cap Complete + 30 Yrs 5 18 11 

 

Table 6: Summary of Liquefaction Induced Settlements – New SRS CRR Curves 

 Settlement (inches) 

 Mw = Mw = Mw = Mw = Mw = Mw = 2,500 Yr 
 4.75 5.25 5.75 6.25 6.75 7.5 Weighting 

Z-V3V5-C01 0.00 0.00 0.00 0.01 0.07 0.49 0.24 
Z-V3V5-C02 0.00 0.00 0.04 0.16 0.47 1.93 0.95 
Z-V3V5-C03 0.00 0.00 0.00 0.04 0.13 0.70 0.34 
Z-V3V5-C04 0.00 0.00 0.00 0.00 0.02 0.24 0.12 
Z-V3V5-C05 0.00 0.00 0.00 0.01 0.05 0.43 0.21 
Z-V3V5-C06 0.00 0.00 0.02 0.08 0.29 1.30 0.64 
Z-V3V5-C07 0.00 0.00 0.01 0.03 0.15 0.79 0.38 
Z-V3V5-C08 0.00 0.00 0.01 0.07 0.24 1.16 0.57 
Z-V3V5-C09 0.00 0.00 0.02 0.11 0.34 1.68 0.82 
Z-V3V5-C10 0.00 0.00 0.00 0.01 0.10 0.78 0.38 
Z-V3V5-C11 0.00 0.00 0.00 0.01 0.04 0.38 0.18 
Z-V3V5-C12 0.00 0.00 0.01 0.05 0.19 1.00 0.49 
Z-V3V5-C13 0.00 0.00 0.00 0.01 0.07 0.50 0.24 
Z-V3V5-C14 0.00 0.00 0.00 0.03 0.13 0.88 0.43 
Z-V3V5-C15 0.00 0.00 0.00 0.05 0.20 1.22 0.59 
Z-V3V5-C16 0.00 0.00 0.02 0.10 0.32 1.48 0.73 
Z-V3V5-C17 0.00 0.00 0.01 0.10 0.32 1.64 0.80 

     Average 0.98 0.48 

 

Table 7: Compaction Induced Lateral Earth Pressures 

Depth σH Design 
(feet)  (psf) 

0 0 
2 525 
4 640 
8 735 

14 900 
K0 controls at 14 feet and below
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Figure 1: Z Area Location Map 
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Figure 2: Disposal Cells No. 3 and 5 Location Map with Subsurface Investigation Locations 
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Figure 3: Cross Section AA 
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Figure 4: Cross Section BB 
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Figure 5: Cross Section CC 
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Figure 6: Cross Section DD 
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Figure 7: SRS Volumetric Strain Curves for Liquefaction Analysis 
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Figure 8: Liquefaction Induced Settlement of CPT Z-V3V5-C06 
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Figure 9: Compaction Induced Lateral Earth Pressures 
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1. INTRODUCTION 
 
This calculation identifies engineering stratigraphic layers for CPTU soundings performed for 
the Saltstone Vaults No. 3 and 5.  Engineering stratigraphic layers and nomenclature were 
based on previous subsurface investigations performed within Z Area by Mueser Rutledge 
Consulting Engineers (MRCE) and SRS.  Figure 1 depicts the location of Vaults 3 and 5 within Z 
Area. 
 
2. INPUT DATA 
 
Subsurface data acquired for the Saltstone Vaults No. 3 and 5 investigation included nine (9) 
seismic piezocone penetration test (SCPTU) soundings and eight (8) piezocone penetration test 
soundings (CPTU).  In addition four (4) borings were performed, including two (2) undisturbed 
and 2 standard penetration test (SPT) borings.  These locations are depicted in Figure 2. 
 
3. METHOD FOR DETERMINATION OF ENGINEERING LAYERS 
 
Engineering layers developed for the Saltstone Vaults No. 3 and 5 area followed a scheme 
previously used by other investigations in Z Area.  Utilization of this same layering provided a 
means to compare subsurface conditions between investigation sites.  An S or C designation 
was used to divide layers into predominantly sand and clay units, respectively.  The upper layer 
S1/2 exists from the surface to the C2 layer.  The C2 layer corresponds to what has commonly 
been termed the "Tan Clay" layer.  The S3 layer exists between the C2 layer and the S4 layer.  
The S4 layer corresponds to the Santee/Tinker Formation.  This layering system was extended 
to the Saltstone Vaults No. 3 and 5 area by correlating CPT curve signatures to the CPT curve 
signatures interpreted for Vault No. 2 (Ref 1).  
 
Table 2 summarizes the contacts between stratigraphic layers based on the SPT boring logs for 
ZV3V5B02 and ZV3V5B03.  The contact elevations are approximate as SPT sampling was 
performed on 5-foot intervals below a depth of 35 feet. 
 
The Congaree Formation, which consists of coarse, dense sands, was identified in the borings 
and on a few CPT signatures.  This formation appears to be relatively flat across the site and 
exists at an elevation of approximately 145 ft, msl.  CPTs ZV3V5C06 and ZV3V5C10 refused on 
(did not penetrate) the top of the Congaree Formation. 
     
4. RESULTS AND CONCLUSIONS 
 
Engineering stratigraphy for Saltstone Vaults No. 3 and 5 CPT soundings is summarized in 
Table 1.   
 
Of interest in the Vaults 3 and 5 area is that the C2 layer 'pinches out' in the northern section of 
the site (Figure 3). Cones ZV3V5C1, ZV3V5C3, ZV3V5C4, and ZV3V5C16 do not appear to 
contain the C2 layer at all. 
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Figure 1: Vaults 3 and 5 Location Map 
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Figure 2: Geotechnical Investigation Locations 
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Figure 3: C2 Layer Thickness
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Figure 4: Cross Section AA 
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Figure 5: Cross Section BB 
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Figure 6: Cross Section CC 
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Figure 7: Cross Section DD 
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Table 1 – Engineering Stratigraphy Based on CPTs -Tops of Stratigraphic Layers in feet msl.  
 

CPT ID Ground 
Elevation C2 S3 S4 Congaree SRS_E SRS_N 

ZV3V5C1 264.9 NP 224 185  66,907 78,429 
ZV3V5C2 268.6 221 215 184  66,960 78,267 
ZV3V5C3 263.9 NP 219 190  66,813 78,477 
ZV3V5C4 266.8 NP 221 186  66,836 78,405 
ZV3V5C5 268.8 226 221 186  66,863 78,325 
ZV3V5C6 268.8 229 217 187 144 66,889 78,244 
ZV3V5C7 268.2 233 223 NDE  66,913 78,173 
ZV3V5C8 267.7 220 216 186  66,741 78,374 
ZV3V5C9 270.4 225 216 173  66,768 78,293 
ZV3V5C10 270.7 227 211 178 144 66,794 78,213 
ZV3V5C11 264.7 218 215 185  66,623 78,414 
ZV3V5C12 268.1 219 216 186  66,646 78,343 
ZV3V5C13 272 225 221 184  66,673 78,262 
ZV3V5C14 273 228 216 186  66,699 78,181 
ZV3V5C15 271.6 231 220 178  66,723 78,110 
ZV3V5C16 268.7 NP 228 186  66,575 78,319 
ZV3V5C17 274.6 228 219 186  66,628 78,158 

NDE – Not Deep Enough 
NP – Not Present 
 
 
Table 2 – Engineering Stratigraphy Based on SPT Borings-Tops of Stratigraphic Layers in feet msl.  
 

Boring ID Ground 
Elevation C2 S3 S4 Congaree SRS_E SRS_N 

ZV3V5B02 269.9 228 218 188 145 66,894 78,235 
ZV3V5B03 268.3 221 216 183 148 66,649 78,333 
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1. INTRODUCTION 

This calculation provides an evaluation of the available geotechnical test data for the 
project site.  The results of the evaluation will be used to provide recommended soil 
properties.

2. INPUT DATA 

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

2.1        Field Exploration 

The field exploration includes Cone Penetrometer Tests (CPTs), seismic Cone 
Penetrometer Tests (SCPTs), and geotechnical boreholes.  Tables 1, 2, and 3 show the 
field exploration performed at the project site.  Figures 1 illustrates the location of 
Disposal Cells 3 and 5.  Figure 2 shows the geotechnical exploratory map.  Subsurface 
cross sections are illustrated in K-CLC-Z-00012 (Ref.1).  Appendix A provides the CPT 
and SCPT logs (Ref. 2).  Appendix B provides the geotechnical Borehole Logs (Ref. 3). 

2.2        Laboratory Testing 

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

Table 4 shows the undisturbed soil samples used for the evaluation.  Table 5 shows the 
disturbed soil samples used for the evaluation.  Appendix C provides the laboratory test 
reports (Ref. 4).  The Engineering Layer for each sample is shown in Tables 3, 4 and 5.  
These layers were identified in Reference 1. 

3. DATA ANALYSIS COMPUTATIONS 

3.1 CPT and SCPT Data 

Statistics of CPT and SCPT data, including tip resistances, sleeve frictions, friction 
ratios, pore pressures, compressive wave velocities, and shear wave velocities are 
shown in Table 6. 

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

 Vave = d i / ( (d i / V i)

where  di is the distance between two points at Location i where the wave velocity 
is measured and Vi is the measured wave velocity at Location i. 

Poisson’s ratio is computed using the following equation: 

 = (2Vs
2 – Vp

2) / (2Vs
2 – 2Vp

2)

where  is the Poisson’s ratio and Vs and Vp are the shear and compression wave 
velocities at each data point. 

Poisson’s ratio data points from all the wave velocity data points, regardless of the 
values, were used to compute the averages. 
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The average Poisson’s ratios are 0.197 for Layer S1/2 and 0.444 for the other layers.  
Assuming the phreatic surface to be at a depth of 55 feet based on data from past 
hydrogeologic studies, the average Poisson’s ratios are 0.304 and 0.445 respectively, 
above and below the groundwater table.  For comparison, the average Poisson’s ratios 
for Vault 2 above and below the water table were 0.236 and 0.368, respectively. The 
recommended Poisson’s ratios are 0.30 and 0.44, respectively, above and below the 
groundwater table. 

3.2 SPT Data 

Table 7 shows the SPT blow-count statistics for the various Engineering Layers.  Also 
shown are energy-corrected blow counts N60, corresponding to 60% of input energy 
using:

 N60 = (ER/60) NMEASURED

where  NMEASURED is the measured blow counts 

 ER, the average energy ratio measured was 81% (Appendix B). 

The recommended N60 value is the arithmetic average, exclusive of SPT samples that 
met refusal, for soils above the Congaree formation, approximately 120 feet below the 
surface (Ref. 1).  The recommended N60 is 28 blows per foot. 

3.3 Laboratory Data 

Laboratory test data are evaluated in the following sections. 

3.3.1 Grain size Distribution and Atterberg Limits 

Results of particle size analyses and Atterberg Limits testing performed on selected 
samples are included in Tables 8 and 9, respectively. 

3.3.2 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 10.

3.3.3 Strength  

Strength tests were performed on selected samples.  Test results are summarized in 
Table 11.  The results from sample Z-V3V5-B04 ST3 appeared to be in question and 
were excluded when determining the design value.  Strength test results are consistent 
with the results obtained from corresponding engineering layers elsewhere at the SRS. 

3.3.4 Consolidation   

Consolidation tests were performed on selected soil samples.  Pre-consolidation 
pressures were determined using the Casagrande method (Ref. 6).  Table 12 
summarizes the initial pressures, pre-consolidation pressures, over-consolidation ratios, 
compression Indices, re-compression indices, and ratio of compression to re-
compression indices.  These test results are consistent with the results obtained from 
corresponding engineering layers elsewhere at the SRS. 
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3.4 Groundwater Elevation 

Ground water elevation was obtained from Figure 1. The groundwater elevation at the 
project site is estimated to range from 215 to 220 ft, msl (Ref 5).  A seasonal 
groundwater fluctuation is estimated to be ± 5 feet.

3.5 Unit Weight of Fills 

Soils excavated above 261 feet, MSL may be used for backfill material around the 
tanks.  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 120 pcf. 

4. RESULTS AND CONCLUSIONS 

The results are summarized below.  Recommended soil values are also given.

 Table 6 provides statistics of CPT and SCPT data.   

 Table 7 provides statistics of SPT data.   

o The recommended N60 for the soil column is 28 blows per foot. 

 Tables 8 and 9 provide particle size analyses and Atterberg Limits, respectively. 

 Table 10 provides the statistics of moisture contents and unit weight. 

o Recommended total unit weight for in situ soils is 120 pcf. 

 Table 11 provides effective and total strength parameters.

o Recommended total stress parameters are a friction angle of 9° and a 
total cohesion of 2400 psf. 

o Recommended effective stress parameters are an effective friction angle 
of 30° and an effective cohesion of 200 psf. 

 Table 12 provides the consolidation parameters including OCR, Cc, Cr, and Cc/Cr.

 Table 13 provides the results of the modified Proctor tests. 

o Recommended total unit weight for fill soils is 120 pcf. 

 Table 14 provides the results of the hydraulic conductivity tests. 

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

 Average groundwater table elevation 215 to 220 feet mean sea level with 
seasonal fluctuation of ± 5 feet.  Areas of perched water may be expected to 
occur above the groundwater table elevations. 
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Table 1  Piezocone Penetrometer Tests at the Project Site 

CPT or 

SCPT

I.D.

Type of 

CPT or SCPT 

SRS

North

(feet)

SRS

East

 (feet) 

Ground

Elevation

(feet MSL) 

Total

Depth

(feet)

Z-V3V5-C1 Seismic 78,429 66,907 264.9 83.3 

Z-V3V5-C2 Non-seismic 78,267 66,960 268.6 88.1 

Z-V3V5-C3 Non-seismic 78,477 66,813 263.9 79.1 

Z-V3V5-C4 Seismic 78,405 66,836 266.8 85.9 

Z-V3V5-C5 Non-seismic 78,325 66,863 268.8 97.6 

Z-V3V5-C6 Seismic 78,244 66,889 268.8 124.6 

Z-V3V5-C7 Seismic 78,173 66,913 268.2 79.7 

Z-V3V5-C8 Non-seismic 78,374 66,741 267.7 91.4 

Z-V3V5-C9 Seismic 78,293 66,768 270.4 102.2 

Z-V3V5-C10 Non-seismic 78,213 66,794 270.7 126.9 

Z-V3V5-C11 Seismic 78,414 66,623 264.7 88.8 

Z-V3V5-C12 Seismic 78,343 66,646 268.1 91.7 

Z-V3V5-C13 Non-seismic 78,262 66,673 272.0 96.3 

Z-V3V5-C14 Seismic 78,181 66,699 273.0 93.4 

Z-V3V5-C15 Non-seismic 78,110 66,723 271.6 95.9 

Z-V3V5-C16 Non-seismic 78,319 66,575 268.7 108.8 

Z-V3V5-C17 Seismic 78,158 66,628 274.6 96.6 

Table 2  Geotechnical Boreholes at the Project Site 

Borehole

I.D.

Type

of

Borehole

SRS

North

(feet)

SRS

East

 (feet) 

Ground

Elevation

(feet MSL) 

Total

Depth

(feet)

Z-V3V5-B1 UD 78,395 66,839 266.9 150.0 

Z-V3V5-B2 SPT 78,235 66,894 269.9 150.0 

Z-V3V5-B3 SPT 78,333 66,649 268.3 150.0 

Z-V3V5-B4 UD 78,171 66,702 272.8 150.0 
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Table 3  Engineering Layers at Geotechnical Borehole Locations 

Exploratory

I.D.

Nearest

CPT

or

SCPYu

Ground

Elevation

(feet MSL) 

Contact

Between

S1/2 and C2 

(ft, MSL) 

Contact

Between

C2 and S3 

(ft, MSL) 

Contact

Between

S3 and S4 

(ft, MSL) 

Z-V3V5-B1 Z-V3V5-C04 266.9 224 (No C2) 224 (No C2) 186.0 

Z-V3V5-B2 Z-V3V5- C06 269.9 229 217 189.0 

Z-V3V5-B3 Z-V3V5- C12 268.3 219.0 216.0 186.0 

Z-V3V5-B4 Z-V3V5- C14 272.8 237 216.0 186.0 

Table 4  Undisturbed Soil Samples 

Sample

No.

Layer

SRS

North

(feet)

SRS

East

(feet)

Ground

Elev.

(ft, msl)

Depth

from

(feet)

Depth

to

(feet)

Elev.

from

(ft, msl) 

Elev.

to

(ft, msl)

Z-V3V5-B1-ST1 S1/2 78,395 66,839 266.9 20.0 22.0 246.9 244.9 

Z-V3V5-B1-ST2 S1/2 - - - 30.0 32.0 236.9 234.9 

Z-V3V5-B1-ST3 S1/2 - - - 37.0 39.0 229.9 227.9 

Z-V3V5-B1-ST4 S3 - - - 50.0 51.25 216.9 215.65 

Z-V3V5-B1-ST5 S3 - - - 55.0 57.0 211.9 209.9 

Z-V3V5-B1-ST6 S3 - - - 75.0 77.0 191.9 189.9 

Z-V3V5-B1-ST7 S3 - - - 78.0 80.0 188.9 186.9 

Z-V3V5-B1-ST8 S4 - - - 81.0 83.0 185.9 183.9 

Z-V3V5-B4-ST1 S1/2 78,171 66,702 272.8 20.0 22.0 252.8 250.8 

Z-V3V5-B4-ST2 S1/2 - - - 30.0 32.0 242.8 240.8 

Z-V3V5-B4-ST3 S1/2 - - - 35.0 36.66 237.8 236.14 

Z-V3V5-B4-ST4 C2 - - - 50.0 52.0 222.8 220.8 

Z-V3V5-B4-ST5 C2 - - - 55.0 57.0 217.8 215.8 

Z-V3V5-B4-ST6 S3 - - - 84.0 86.0 188.8 186.8 

Z-V3V5-B4-ST7 S4 - - - 120.0 122.0 152.8 150.8 

     *No recovery 
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Table 5  Disturbed Soil Samples

Sample

No.

Layer

Depth

from

(feet)

Depth

to

(feet)

Elev.

from

(ft, msl)

Elev.

to

(ft, msl) 

Z-V3V5-B2-SS1 S1/2 10.0 12.0 259.9 257.9 

Z-V3V5-B2-SS2 S1/2 12.0 14.0 257.9 255.9 

Z-V3V5-B2-SS3 S1/2 14.0 16.0 255.9 253.9 

Z-V3V5-B2-SS4 S1/2 16.0 18.0 253.9 251.9 

Z-V3V5-B2-SS5 S1/2 18.0 20.0 251.9 249.9 

Z-V3V5-B2-SS6 S1/2 20.0 22.0 249.9 247.9 

Z-V3V5-B2-SS7 S1/2 22.0 24.0 247.9 245.9 

Z-V3V5-B2-SS8 S1/2 24.0 26.0 245.9 243.9 

Z-V3V5-B2-SS9 S1/2 26.0 28.0 243.9 241.9 

Z-V3V5-B2-SS10 S1/2 28.0 30.0 241.9 239.9 

Z-V3V5-B2-SS11 S1/2 30.0 32.0 239.9 237.9 

Z-V3V5-B2-SS12 S1/2 32.0 34.0 237.9 235.9 

Z-V3V5-B2-SS13 S1/2 34.0 36.0 235.9 233.9 

Z-V3V5-B2-SS14 C2 40.0 42.0 229.9 227.9 

Z-V3V5-B2-SS15 C2 45.0 47.0 224.9 222.9 

Z-V3V5-B2-SS16 C2/S3 50.0 52.0 219.9 217.9 

Z-V3V5-B2-SS17 S3 55.0 57.0 214.9 212.9 

Z-V3V5-B2-SS18 S3 60.0 62.0 209.9 207.9 

Z-V3V5-B2-SS19 S3 65.0 67.0 204.9 202.9 

Z-V3V5-B2-SS20 S3 70.0 72.0 199.9 197.9 

Z-V3V5-B2-SS21 S3 75.0 77.0 194.9 192.9 

Z-V3V5-B2-SS22 S3/S4 80.0 82.0 189.9 187.9 

Z-V3V5-B2-SS23 S4 85.0 87.0 184.9 182.9 

Z-V3V5-B2-SS24 S4 90.0 92.0 179.9 177.9 

Z-V3V5-B2-SS25 S4 95.0 97.0 174.9 172.9 

Z-V3V5-B2-SS26 S4 100.0 102.0 169.9 167.9 

Z-V3V5-B2-SS27 S4 105.0 107.0 164.9 162.9 

Z-V3V5-B2-SS28 S4 110.0 112.0 159.9 157.9 

Z-V3V5-B2-SS29 S4 115.0 117.0 154.9 152.9 

Z-V3V5-B2-SS30 S4 120.0 122.0 149.9 147.9 

Z-V3V5-B2-SS31 S4 125.0 125.25 144.9 144.65 

Z-V3V5-B2-SS32 S4 130.0 130.83 139.9 139.07 

Z-V3V5-B2-SS33 S4 135.0 135. 83 134.9 134.07 

Z-V3V5-B2-SS34 S4 140.0 141.92 129.9 127.98 

Z-V3V5-B2-SS35 S4 145.0 147.0 124.9 122.9 

Z-V3V5-B2-SS36 S4 150.0 152.0 119.9 117.9 
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Table 5  Disturbed Soil Samples, continued 

Sample

No.

Layer

Depth

from

(feet)

Depth

to

(feet)

Elev.

from

(ft, msl)

Elev.

to

(ft, msl) 

Z-V3V5-B3-SS1 S1/2 10.0 12.0 258.3 256.3 

Z-V3V5-B3-SS2 S1/2 12.0 14.0 256.3 254.3 

Z-V3V5-B3-SS3 S1/2 14.0 16.0 254.3 252.3 

Z-V3V5-B3-SS4 C2 16.0 18.0 252.3 250.3 

Z-V3V5-B3-SS5 S3 18.0 20.0 250.3 248.3 

Z-V3V5-B3-SS6 S3 20.0 22.0 248.3 246.3 

Z-V3V5-B3-SS7 S3 22.0 24.0 246.3 244.3 

Z-V3V5-B3-SS8 S3 24.0 26.0 244.3 242.3 

Z-V3V5-B3-SS9 S3 26.0 28.0 242.3 240.3 

Z-V3V5-B3-SS10 S3 & S4 28.0 30.0 240.3 238.3 

Z-V3V5-B3-SS11 S4 30.0 32.0 238.3 236.3 

Z-V3V5-B3-SS12 S4 32.0 34.0 236.3 234.3 

Z-V3V5-B3-SS13 S4 34.0 36.0 234.3 232.3 

Z-V3V5-B3-SS14 S4 40.0 42.0 228.3 226.3 

Z-V3V5-B3-SS15 S4 45.0 47.0 223.3 221.3 

Z-V3V5-B3-SS16 S4 50.0 52.0 218.3 216.3 

Z-V3V5-B3-SS17 S4 55.0 57.0 213.3 211.3 

Z-V3V5-B3-SS18 S4 60.0 62.0 208.3 206.3 

Z-V3V5-B3-SS19 S4 65.0 67.0 203.3 201.3 

Z-V3V5-B3-SS20 S4 70.0 72.0 198.3 196.3 

Z-V3V5-B3-SS21 S4 75.0 77.0 193.3 191.3 

Z-V3V5-B3-SS22 S4 80.0 82.0 188.3 186.3 

Z-V3V5-B3-SS23 S4 85.0 87.0 183.3 181.3 

Z-V3V5-B3-SS24 S4 90.0 92.0 178.3 176.3 

Z-V3V5-B3-SS25 S4 95.0 97.0 173.3 171.3 

Z-V3V5-B3-SS26 S4 100.0 102.0 168.3 166.3 

Z-V3V5-B3-SS27 S4 105.0 107.0 163.3 161.3 

Z-V3V5-B3-SS28 S4 110.0 112.0 158.3 156.3 

Z-V3V5-B3-SS29 S4 115.0 117.0 153.3 151.3 

Z-V3V5-B3-SS30 S4 120.0 121.42 148.3 146.88 

Z-V3V5-B3-SS31 S4 125.0 125.25 143.3 143.05 

Z-V3V5-B3-SS32 S4 130.0 130.25 138.3 138.05 

Z-V3V5-B3-SS33 S4 135.0 135.42 133.3 132.88 

Z-V3V5-B3-SS34 S4 140.0 140.42 128.3 127.88 

Z-V3V5-B3-SS35 S4 145.0 147.0 123.3 121.3 

Z-V3V5-B3-SS36 S4 150.0 152.0 118.3 116.3 
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Table 6  CPT and SCPT Data

Layer Description 

Sleeve

Friction

(tsf)

Tip

Resis-
tance

(tsf)

Friction

Ratio

(%)

Pore

Pressure

(tsf)

P

Wave

(fps)

S

Wave

(fps)

Poisson’s
Ratio

S1/2 Average 2.65 164.64 2.24 0.75 2500 1500 0.197 

Minimum 0.55 39.39 0.44 -0.05 1557 947  

Maximum 8.36 345.74 11.85 9.32 4198 3981  

Standard Deviation 1.81 69.36 2.21 1.21 791 883  

No. of Data Points 468 468 468 468 14 10  

C2 Average 1.20 46.28 2.65 1.98 3490 1050 0.450 

Minimum 0.66 20.83 1.11 -0.01 2026 771  

Maximum 2.37 118.24 5.20 5.25 6732 1404  

Standard Deviation 0.45 26.73 0.90 1.41 1604 247  

No. of Data Points 98 98 98 98 9 7  

S3 Average 2.06 143.86 1.95 1.52 3450 1230 0.427 

Minimum 0.44 16.32 0.41 -.12 1875 799  

Maximum 6.65 397.06 6.67 10.65 6095 2086  

Standard Deviation 1.48 106.78 1.33 1.92 1609 318  

No. of Data Points 370 371 370 371 9 14  

S4 Average 3.35 124.28 3.21 4.25 6095 1525 0.456 

Minimum 0.94 33.96 1.05 0.24 6095 1103  

Maximum 9.06 518.16 7.30 12.89 6095 2756  

Standard Deviation 1.93 90.90 1.33 3.13 0 620  

No. of Data Points 151 156 151 156 1 11  

All Average 2.31 119.76 2.51 2.12 3884 1326  

No. of Data Points 1087 1093 1087 1093 34 42  

Table 7  SPT Blow Count Data 

Description S1/2 C2 S3 S4 

Average 24 9 17 55 

Minimum 16 6 WH 11 

Maximum 35 31 37 50 in 3 inches

Standard Deviation 5.1 6.9 11.0 35.7 

No. of Data Points 28 4 17 55 

Average Corrected N60 32 12 23 74 
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Table 8  Distribution of Particle Sizes 

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)

           

Z-V3V5-B1 0-5 ft S1/2 - 100.0 99.7 97.0 87.6 63.0 26.0 17.0 13.4 

Z-V3V5-B1 5-10 ft S1/2 - 100.0 99.0 96.5 86.0 68.0 41.0 35.0 34.4 

Z-V3V5-B1/B4-0-10 ft S1/2 - 100.0 99.9 96.0 82.0 63.0 37.0 38.5 24.9 

Z-V3V5-B1-ST1 S1/2 - 100.0 98.0 81.0 47.5 29.0 17.5 12.0 10.1 

Z-V3V5-B1-ST2 S1/2 - 100.0 93.9 76.0 36.7 18.0 12.0 10.5 9.5 

Z-V3V5-B1-ST3 S1/2 - 100.0 98.6 92.0 84.1 74.0 53.0 44.0 39.9 

Z-V3V5-B1-ST4 S3 - 100.0 99.5 94.0 76.7 51.0 11.0 6.0 4.9 

Z-V3V5-B1-ST5 S3 - 100.0 99.3 82.0 46.5 31.0 10.7 6.5 5.8 

Z-V3V5-B4 0-5 ft S1/2 - 100.0 99.8 95.0 77.2 58.0 35.0 25.0 20.4 

Z-V3V5-B4 5-10 ft S1/2 - 100.0 99.5 93.5 77.5 62.0 43.5 36.5 32.9 

Z-V3V5-B4-ST1 S1/2 - 100.0 99.9 95.0 84.0 67.0 44.0 37.5 36.5 

Z-V3V5-B4-ST2 S1/2 100.0 100.0 99.3 78.0 34.7 21.0 12.0 9.0 8.1 

Z-V3V5-B4-ST3 S1/2 100.0 100.0 99.8 90.0 46.3 18.0 11.0 9.0 8.2 

Z-V3V5-B4-ST4 S1/2 - 100.0 100.0 100.0 99.7 97.0 70.0 48.0 42.2 

Z-V3V5-B4-ST5 C2 - 100.0 99.9 99.0 98.2 93.0 87.0 82.0 80.1 

Z-V3V5-B4-ST6 S1/2 - 100.0 99.9 98.0 94.5 88.0 63.0 38.0 24.6 

Z-V3V5-B2-SS9,10,11 S1/2 100.0 100.0 99.6 77.5 36.0 18.0 11.5 8.5 7.3 

Z-V3V5-B2-SS26,27 S4 85.0 81.7 77.6 70.5 62.2 53.0 37.5 29.5 23.7 

Z-V3V5-B2-SS29,30 S4 - 100.0 98.8 91.0 66.1 48.5 34.5 28.0 22.8 

Z-V3V5-B3-SS1,2,3 S1/2 - 100.0 99.7 91.0 76.8 60.5 37.0 32.0 31.4 

Z-V3V5-B3-SS7,8,9 S1/2 100.0 99.8 98.2 86.0 45.7 20.0 12.0 8.5 7.4 

Z-V3V5-B3-SS22,23,24 S4 84.0 78.0 76.2 74.5 73.5 72.1 58.5 39.0 29.9 
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Table 9  Atterberg Limits and USCS 

Sample

No.
Layer

LL

(%)

PL

(%)

PI

(%)
USCS

      

Z-V3V5-B2-SS1A S1/2 68 34 34 MH

Z-V3V5-B2-SS1B S1/2 42 21 21 CL 

Z-V3V5-B2-SS5 S1/2 40 22 18 SC 

Z-V3V5-B2-SS9/10/11 S1/2 33 18 15 SP-SW 

Z-V3V5-B2-SS12 S1/2 NP NP NP SC 

Z-V3V5-B2-SS15 C2 87 32 55 CH 

Z-V3V5-B2-SS18 S3 NP NP NP SP-SM 

Z-V3V5-B2-SS21A S3 63 20 43 CH 

Z-V3V5-B2-SS21B S3 38 25 13 SM 

Z-V3V5-B2-SS25 S4 NP NP NP SM 

Z-V3V5-B2-SS26/27 S4 45 28 17 SM 

Z-V3V5-B2-SS29/30 S4 48 21 27 SC 

Z-V3V5-B2-SS33 Congaree NP NP NP SM 

Z-V3V5-B3-SS2 S1/2 54 22 32 CH 

Z-V3V5-B3-SS1/2/3 S1/2 53 26 27 SC 

Z-V3V5-B3-SS5 S3 37 22 15 SC 

Z-V3V5-B3-SS7/8/9 S3 28 20 8 SP 

Z-V3V5-B3-SS11/12 S4 37 18 19 SC 

Z-V3V5-B3-SS13A S4 51 20 31 CH 

Z-V3V5-B3-SS13B S4 33 20 13 SC 

Z-V3V5-B3-SS16 S4 83 38 45 MH 

Z-V3V5-B3-SS18A S4 104 45 59 MH 

Z-V3V5-B3-SS18B S4 44 25 19 SC 

Z-V3V5-B3-SS21 S4 33 28 5 SM 

Z-V3V5-B3-SS22/23/24 S4 39 26 13 SM 

Z-V3V5-B3-SS28A S4 51 32 19 MH 

Z-V3V5-B3-SS34 Congaree NP NP NP SM 

Z-V3V5-B4-ST1 S1/2 42 23 19 SC 

Z-V3V5-B4-ST2 S1/2 39 22 17 SW 

Z-V3V5-B4-ST3 S1/2 NP NP NP SW 

Z-V3V5-B4-ST4 C2 74 40 34 SM 

Z-V3V5-B4-ST6 S3 49 33 16 SM 
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Table 10  Unit Weights and Water Contents 

Sample

No.
Layer

Type of 

Test

Wet Unit 

Weight

(pcf)

Moisture 

Content

(%)

Dry Unit 

Weight

(pcf)

Z-V3V5-B4-ST5 C2 Unit Weight 93.6 69.1 55.4 

Z-V3V5-B4-ST6 S3 Unit Weight 115.3 33.2 86.5 

Z-V3V5-B1-ST2 S1/2 Hyd. Conductivity 110.0 14.0 96.6 

Z-V3V5-B4-ST2 S1/2 Hyd. Conductivity 120.8 13.9 106.1 

Z-V3V5-B1-ST1 S1/2 Triaxial 1 of 3 117.2 11.7 104.9 

Z-V3V5-B1-ST1 S1/2 Triaxial 2 of 3  117.2 14.2 102.6 

Z-V3V5-B1-ST1 S1/2 Triaxial 3 of 3 119.6 12.4 106.4 

Z-V3V5-B4-ST1 S1/2 Triaxial 1 of 3 129.1 19.1 108.4 

Z-V3V5-B4-ST1 S1/2 Triaxial 2 of 3  130.1 19.1 109.2 

Z-V3V5-B4-ST1 S1/2 Triaxial 3 of 3 128.7 19.8 107.4 

Z-V3V5-B4-ST6 S3 Consolidation 118.6 29.8 91.4 

Z-V3V5-B1-ST4 S3 Consolidation 106.9 13.3 94.4 

Z-V3V5-B4-ST2 S1/2 Consolidation 123.2 15.8 106.4 

Z-V3V5-B1-ST5 C2 Consolidation 122.0 17.9 103.5 

Z-V3V5-B4-ST4 C2 Consolidation 103.8 50.3 69.1 

Z-V3V5-B4-ST5 C2 Consolidation 92.8 64.3 56.5 

      

Average S1/2 9 tests 121.8 15.6 105.3 

Average C2 4 tests 103.1 50.4 71.1 

Average S3 3 tests 113.6 25.4 90.8 

Average S4 0 tests - - - 

Average All  16 tests 115.6 26.1 94.1 

Table 11  Consolidated Undrained Triaxial Test with Pore Pressure Measurements 

Sample

No.
Layer

Total (Stress)

Friction Angle

(degrees)

Total (Stress)

Cohesion

C

(psf)

Effective

Friction Angle 

’

(degrees)

Effective

Cohesion

c’

(psf)

Z-V3V5-B1-ST1 S1/2 31.1 2,606 33.4 137 

Z-V3V5-B1-ST3 S1/2 8.0 2,808 29.6 299 

Z-V3V5-B4-ST1 S1/2 10.8 2,462 34.8 322 

Z-V3V5-B4-ST3 S1/2 - - 33.1 357 

Z-V3V5-B4-ST4 C2 9.5 1,041 25.7 376 

Design Values - 9 2400 30 200 
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Table 12  Consolidation Tests 

Sample

No.
Layer

P’O

(ksf) 

P’C

(ksf) 

Initial

Void

Ratio

OCR Cc Cr Cc/Cr

Z-V3V5-B1-ST4 S3 6.0 3.4 0.60 0.6 0.051 0.0083 6.1 

Z-V3V5-B1-ST5 S3 6.3 8.0 0.75 1.3 0.030 0.0083 3.6 

Z-V3V5-B4-ST2 S1/2 3.8 7.0 0.57 1.8 0.036 0.0050 7.3 

Z-V3V5-B4-ST4 C2 6.1 6.1 1.44 1.0 0.48 0.075 6.4 

Z-V3V5-B4-ST5 C2 6.2 4.3 1.98 0.7 0.51 0.136 3.8 

Z-V3V5-B4-ST6 S3 7.8 5.0 0.81 0.6 0.725 0.083 8.7 

Table 13  Modified Proctor Tests 

Source Sample 

Ground

Elev.

(ft, MSL) 

Depth

From

(feet)

Depth

To

(feet)

Elev.

From

(ft, MSL)

Elev.

to

(ft, MSL) 

Max. Dry 

Density

(pcf)

Optimal

Water

Content

(%)

Z-V3V5-
B1 Bag 1 

Composite 266.9 0.0 5.0 266.9 261.9 116.5 8.2 

Z-V3V5-
B1 Bag 2 

Composite 266.9 5.0 10.0 261.9 256.9 122.9 12.2 

Z-V3V5-
B1/B4

Composite - 0.0 10.0 272.8 256.9 126.8 8.9 

Z-V3V5-
B4 Bag 1 

Composite 272.8 0.0 5.0 272.8 267.8 128.1 7.6 

Z-V3V5-
B4 Bag 2 

Composite 272.8 5.0 10.0 267.8 262.8 128.0 9.7 

Table 14  Hydraulic Conductivity Tests 

Sample

No.
Layer

Wet Unit

Wt. (pcf) 

Dry Unit

Wt. (pcf) 

Initial Water 
Content, % 

Hydraulic Conductivity 
(cm/sec) 

Z-V3V5-B1-ST2 S1/2 110.0 96.6 14.0 4.3E-04 

Z-V3V5-B4-ST2 S1/2 120.8 106.1 13.9 9.9E-04 



K-CLC-Z-00013, Rev. 0 Page 16  

B-17 

Figure 1 Location of Disposal Cells 3 and 5 
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Figure 2 Disposal Cells 3 and 5 Geotechnical Exploration Locations 
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Appendix A  CPT and SCPT Data 



Maximum depth: 83.26  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78429
Easting: 66907

Elevation: 264.9

Date: 16/Dec/2008
Test ID: Z-V3V5-C01
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Maximum depth: 88.05  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78267
Easting: 66960

Elevation: 268.6

Date: 10/Dec/2008
Test ID: Z-V3V5-C02
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Maximum depth: 79.11  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78477
Easting: 66813

Elevation: 263.9

Date: 09/Dec/2008
Test ID: Z-V3V5-C03

Test ID: Z-V3V5-C03

File: 209D0801C.ECP
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Maximum depth: 85.86  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78405
Easting: 66836

Elevation: 266.8

Date: 09/Dec/2008
Test ID: Z-V3V5-C04

Test ID: Z-V3V5-C04
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Maximum depth: 97.64  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78325
Easting: 66863

Elevation: 268.8

Date: 09/Dec/2008
Test ID: Z-V3V5-C05

Test ID: Z-V3V5-C05

File: 209D0804C.ECP
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Maximum depth: 124.55  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78244
Easting: 66889

Elevation: 268.8

Date: 10/Dec/2008
Test ID: Z-V3V5-C06

Test ID: Z-V3V5-C06
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Maximum depth: 79.73  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78173
Easting: 66913

Elevation: 268.2

Date: 10/Dec/2008
Test ID: Z-V3V5-C07
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Maximum depth: 91.35  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78374
Easting: 66741

Elevation: 267.7

Date: 15/Dec/2008
Test ID: Z-V3V5-C08

Test ID: Z-V3V5-C08

File: 215D0804C.ECP
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Maximum depth: 102.21  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78293
Easting: 66768

Elevation: 270.4

Date: 16/Dec/2008
Test ID: Z-V3V5-C09
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10 0

Sleeve Stress

(tsf) 0 400

Tip Stress COR

(tsf) 0 10

Ratio COR

(%) 0 20

Pore Pressure

(tsf)

E
le

v
a

ti
o

n
  
(f

t)

270 270

250 250

230 230

210 210

190 190

170 170

150 150

130 130

110 110

K-CLC-Z-00013, Rev. 0 Page 27

B-28

I~ I\ V 

~ 

I- 1: - ~ 
-

<:::' 

I- ~ 
- ~ -

~ 

I- ~ ~ - I-
.? 

~ 

~ 
I- -

J 
I-

-,., ~ 
I- ~ 

I- -- - I- -

I- - I-



Maximum depth: 126.91  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78213
Easting: 66794

Elevation: 270.7

Date: 10/Dec/2008
Test ID: Z-V3V5-C10

Test ID: Z-V3V5-C10

File: 210D0806C.ECP
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Maximum depth: 88.76  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78414
Easting: 66623

Elevation: 264.7

Date: 15/Dec/2008
Test ID: Z-V3V5-C11

Test ID: Z-V3V5-C11

File: 215D0802C.ECP
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Maximum depth: 91.71  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78343
Easting: 66646

Elevation: 268.1

Date: 15/Dec/2008
Test ID: Z-V3V5-C12

Test ID: Z-V3V5-C12
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Maximum depth: 96.32  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78262
Easting: 66673

Elevation: 272.0

Date: 12/Dec/2008
Test ID: Z-V3V5-C13

Test ID: Z-V3V5-C13
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Maximum depth: 93.38  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78181
Easting: 66699

Elevation: 273.0

Date: 12/Dec/2008
Test ID: Z-V3V5-C14
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File: 212D0801C.ECP
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Maximum depth: 95.94  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78110
Easting: 66723

Elevation: 271.6

Date: 12/Dec/2008
Test ID: Z-V3V5-C15

Test ID: Z-V3V5-C15
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Maximum depth: 108.80  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78319
Easting: 66575

Elevation: 268.7

Date: 15/Dec/2008
Test ID: Z-V3V5-C16

Test ID: Z-V3V5-C16
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Maximum depth: 96.64  (ft)

Applied Research Associates
South Royalton, VT 05068
802-763-8348
cpt@ned.ara.com
www.ara.com

Northing: 78158
Easting: 66628

Elevation: 274.6

Date: 12/Dec/2008
Test ID: Z-V3V5-C17

Test ID: Z-V3V5-C17

File: 212D0802C.ECP
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Test Id: Z-V3V5-C06 10/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

257 to  236 : 1154

230 to  189 : 824

189 to  165 : 2346

165 to  143 : 1338
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C07 10/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

259 to  249 : 1457

237 to  223 : 771

217 to  188 : 1157
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C09 16/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

262 to  220 : 1269

220 to  210 : 1014

210 to  190 : 1162

190 to  180 : 799

180 to  170 : 1605
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C11 15/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

257 to  199 : 1132

194 to  175 : 1613
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C12 15/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

259 to  249 : 3981

249 to  209 : 1234

209 to  198 : 2086

198 to  188 : 1263

188 to  176 : 1653
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C14 12/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

264 to  227 : 1899

227 to  214 : 776

214 to  179 : 1115
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0.000 1000.000 2000.000 3000.000 4000.000 5000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

S Wave
Test Id: Z-V3V5-C17 12/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

260 to  238 : 1872

238 to  222 : 1404

214 to  178 : 1103
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C01 16/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

255 to  244 : 2544

244 to  235 : 1875

235 to  215 : 2442
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C04 09/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

257 to  227 : 2103

227 to  207 : 2234

207 to  190 : 6732
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C06 10/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

256 to  226 : 2041

226 to  216 : 5629
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C07 10/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

258 to  248 : 1627

237 to  223 : 2895

216 to  210 : 1992

210 to  203 : 5827

197 to  188 : 4169
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C09 16/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

261 to  245 : 3390

245 to  236 : 1557

236 to  220 : 2722
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C11 15/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

254 to  244 : 2988

244 to  229 : 1753

229 to  209 : 2735

209 to  200 : 6095
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C12 15/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

258 to  241 : 2902

241 to  222 : 2026
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C14 12/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

262 to  256 : 2784

256 to  238 : 4198

238 to  217 : 3590
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0.000 2000.000 4000.000 6000.000 8000.000 10000.000
Wavespeed (ft/s)

120.00

140.00

160.00

180.00

200.00

220.00

240.00

260.00

280.00

E
le

v
a
ti

o
n

 (
ft

)

ARA

P Wave
Test Id: Z-V3V5-C17 12/Dec/2008

Elevation    Wavespeed

(ft)           (ft/s)

262 to  245 : 3516

245 to  214 : 2998
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Appendix B  Boring Logs 
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B-56

Soil Boring Log 
Page 1 01 l? 

Project 

J<II-J/t,~ "- t/..v llf J .:..-( / e"'y/.;;IJ/J'? I"''' A .z - ""-'" 
Bo'''' No. t/., f/, Z. - ':1 r' /.J 15/ 
Ortner 

Jle ........ .!l"/,,,,; 
Technical Oversight I Oversight Company 
/];//.:70/ ~~ JA f~ 

Sampling 6-tnch 
Blow 

No. Type Ce,. Couob 

• 

5 

1. 

15 

20 

SRS Coo«:Iinales Reference Etavation ~ 6. " 
N 78:.?7F.q, E ~C'i?3 'f.p ~ .7 _Jf 

Drilling Subcontractor ~ 
v "f ,0 ToW ,.,.. o.o~ . iff'S" 

/.F¢.¢ 
Grouf'dw~Ptr>ea.'tJ" 3/3 1/o, 

Date N A- TIme Depth 
'~,ng Methods and Oepths 

"~././~ ' rf • .L,A.f"j-

Inches Driven 

" Inches Recovered Aec 

~ 

~ .. Description ::J .. , /y-.J /I<;1u- !p -''': "'i';?<r <--/P -. 
• •• 
• • ,",,#d 7"-' f,· .f""";.(f~ ~U/ /,."..c • ,/" ... :./ 0/..,<. ...:; •• • • 

• • • • • • 
• /p JM /,A",,(/,-;/. w-// ?~/"'" • · • .:6 t!!!!:'J, J ...... u. .r::e . 

· . . . ;J f,.., .lANd)' J/Jl.7 ( J"J/ ,,6*.r(r..J.,4~ 
· '1'1 ' h. I{'" Jr 

W. rd.. ~,." C~A7~)' JA;AJ,Y /"' .. ~? J.";..t 
.;t.: - V..;;, f/''1 .J / M" f 

./ ./-
· , . 
/. . 
. / -
/. PIA 

/:. 
If\ 

&~JiJ+"4 .or;)/.,~' ..r@-ib""J e 

~ 

No~tandard Penetration Raslsl8nee is sum of blows for 2nd - 6' and 
3m - 6" 10 drtve 1-3/8' 1.0 .. 2" 0 .0 . $pIil BarTel Sampler with 14<\ pound 
hammer falling 30 inches. 
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B-57

Project 

No. 

~T-/ 

Lrr- '-

J7-J 

Soil Boring Log (Contd) 

J;//~~ J1,.",/fJ 3 ",.../.r 

Sampling 6-lnch Inches Driven 
Blow % 

Ty~ Oenth Coonts Inches Recovered R"" 
, A O / 

2"1' '/ 9<» 
/ , I f1. 

/' 

;.(5 

" 0 
~ / 

1":4 / 

/,i; 

,1 5 

/ 
"-7 /' S<"l 
/' ... .", ., 

V 

0 

Samples Subrri tled lor Laboratory Tests 

Page Lol y:--
IBorlng No. 
Z - 0)/.r-,,8 .. / 001'..1/,..,;:;/.,; y 

~ 
~ Description 

" . · ... 
.' -' . 
. ' - . /'d j,.", JAlVd {J?/O(;"'~ ..r~ ... r-· .. · -. . _e.../~./: 41' .-0",;.11 J3r .. '/ -

'1'-

&.,J;J!o.f ~./~t. /./.;1/,'7 , 

\ 
· . · . .. · . 
.. /"K ~ • ./A~ C. Jj(,/;-HT .. ~~ "', "''; · CrJI!- w eJ ... .., ~:uf.;t. . · . • , 

J/-~hl/. ,.t.(..,.-..! .... ??;~':L pf j.7.r 

0- R L(, 3·3r, o ~ 

(.:\"..., ) ~ .. d"tye~ s ...... 

/;. 'X h' -:;;f ./!.j?-;!~ -'~Z, 'V 
"" rl C. ~~ ~/A"' e. J6.A 

Vi M ~..r~ • ... ,5'/ ,~ ..... -'''' 

Not-Standard Penetration Resistance Is sum of blo ..... s for 2nd - 6" and 
3rd - S" to drive 1-318" 1.0., 2" 0.0. Split Barrel Sampku" with 140 pound 
hammer lalling 30 Inches. 
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B-58

Soil Boring Log (Contd) 

Page j 01 1r 
Project ~ 

J;// J "'-'> "- f,/:,v/I- 3 ",../.r I_No. . h iD... "/ I Z-0!/r-p$M J/pS,/?7 

Sampling 6-lnch Inches Driven ~ 
Blow .. ~ No. T_ ""' .. Cooob Inches Recovered Roc Description .,., 

I ~ 

, 

1-- +-- --+--,r'D 

.' .. 

-5 

Irr-.r 
::', '. I{l.£.:o l ~ 'I -D'i 

'. . 4r ... d,t:I 

Sample-s Submined for Laboratory Testa 

Not-Standard Penetration Resistance is sum 01 blows /or 2nd - 6' and 
3rd - 6' 10 drive 1-318' 1.0., 2" 0 .0 . Spilt Barrel Sampler with 140 pound 
hammer fall ing 30 Inches. 
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B-59

_,.jO<1 ...J.;: /. "IIJ 0", ,,-

Sampling 

No. T,~ 0.,,, 
' 0 

, 

0 

" Lrr-.::' 

I r7"7 

0 

Soil Boring Log (Contd) 

~",Ih- 3"../ -J 

6-lnch Inches Orlven 
Blow " eo.,,, tnchee Recovered R" 

., .,.-. , 
./ ..., 

./ ., r 
1/ ~ 

d .,.-

.,.- .,-
.-' If<' 

1/ 

Page ~ol ~ -
1""""11 No. l °ot. ~ .. Z-f/3V.rY.f¢1 .7A< 

f Description 

I' 

I 

Co. J'Jf,,·-( Pri//, ..4f ,...fe J.,c?" 1 J" <: , 
I 

V 
.fi',f</{; ;.p. ,./<-I A ;I/.y ,<";Y>''if~ 

7~ - 7:1 

J 
Alo -e"C.V .... ~ 

.. . ' ifi.v.y -;ro/k ,.. • ./ .-/ . .... /CAI:,~".~~ .' . .. , . /0 / L~. ' ,.,:y .... 1../ ",~ . ' . . . ~.~ Ivv/ u-t!4uI J~t' ''L <1 .. -'"ff. ..... 

Not.-8tandatd Penetration Resistance Is sum ot blows for 2nd - 6' and 
3rd - 6" to drive 1-318" 1.0., 2" 0.0. Split Barr&! Sampler with 140 pound 
hammer falling 30 inches. 
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B-60

Soil Boring Log (Contd) 

P.- Ir> J.</rJ ~~ fh;.vlIJ J ",J .r 
6-1"'" -, Inches Driven 
Blow " No. T_ """'" Cooo. lnc:h8s R&oovered Roc 

'2( 0 

" /' 
bE' ,<. /' -r 

" V 

-, 

0 

, 

0 

Samples Submlned fOllaboratolY Tests 

l-'&cIf, y~ I ~."--Y.1""- 1 

-

I~No TO"'vA.h z - ~Y.,--&N ..79'«' 7 
/;; 

~ 
5 Description 

f0 ;!L4 J ·"!f- "T 

6~J 

~ 1"'~ ~ C/"J'.'7 JAN' (J>,'/,~.r~ 
I/~.., t!/'.. .// "...,.,;:A- ; c I", ,/~ ~// 

t:..~7'" M, /6. ... ,/ J-h;.:~ W U4. t'le-~ .1"4. e. (/. 
;t.. OX,rA6J 

" ,~ 

C~f/.rf~,.f b;l/' ~J' ,('rWo • ....Jt 

I 

L-

Not&-Standard Peoetration Resistance Is sum of blows for 2nd - 6· end 
3rd - 6" to drive 1·3/8' 1.0., 2' 0 .0 . Split Barrel Sampler with 140 pound 
hammer failing 30 incnes. 



K-CLC-Z-00013, Rev. 0 Page 60

B-61

Project 

No. 

Soil Boring Log (Contd) 

J,jl./;'~ c.. t4~//J J "J.r 

"""""'" 
6-lnch Inches Drtven .... " T_ """., eoun" Inchel Recovered RK 

ICO 

5 

0 

5 

0 

Samples Submitted for Laboratory Tests 

I 

- -Pa .. r:: of F 

Iz.oU0--.6'""" ID"j/¢</.¢1 

I De8Cfiplon 

C-,J;d~~f ~;/l-9 -<",4..¢".r~ 
,J;,;-,e, /-II,./er J4d • .,J 

, 
/1// .. ., r. /.f~ ov/ .4" ?,Ie. 

J~/ee . 

" 
~ j/.,,f ,41- Iq ~ LA/..,_;_..L 

. /hT t-/"" '7 LN 

N~tand4n:1 Penetrallon ResillMot is sum of blows for 2nd - 6' and 
3rd - 6" to dllve ' -318' 1.0 ., 2" 0 .0 . Split Barrel Sampler wi1tl 140 pound 
hammer Ialtlng 30 Inches. 
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Soil Boring Log (Contd) 

Projeot J:;!&I"'L t4v/f,f J a. / ",-

Sampling 6- lnctl Inches Driven 
BI~ " No. T_ Den" Coo,,, Inches RlKXlvered Roc 

/).0 

77' 

- 0 

, 

,, 0 

Samples Sobmilfed forlaboralory Telts 

- -Page 7 01 Y" 

I Z-"~I(--..&p IDaI'J/p.;!¢, 

I 0._"", 

.? 
J/.w If.vJ a..;/-1-;f' 

I 

\ 

a·~/. ./I;j;,. k0"',?,<1 /j .z:; 
War-: ~ • ..., .R.., .z;. M1( 3~:f" 
I/!:a//o/ Cp-'- p;r 

I £~Jlet' F ."./1,...7 O'~&"7 

\J 

Note-$tandard Penetrallon Res/slance la sum 01 blows lor 2nd -8' and 
3rd - 6' 10 drlve t -3/8' 1.0., 2" 0 .0 . Split Barrel Sampler with 140 pound 
hammer tailing 30 Inches. 
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Soil Boring Log (Contd) 

P<Oi"'Y.; If.r/. ..... P:"/.0 :? -<'A / 0/-

Sampling 6-lnch 

"'~ 
Inches Orlven 

No. T'M Doo~ Cooo~ IrIChe, Recovered 

[7~ 

77' 

0 

, 

0 

Samples Submned for Laboratory Tests 

"-
Roc 

- -_ S"'Of:; 

I z~ 7d I{,- L!,..J~ D ... j/~f 

I Oe5CrlDIion 

I 

I 

J 
c:,.,.d .rb:! g?r;)/,~ "f>~~I • .re 

J 
fd-f;./ A. ..// 0.;- dar ;A, -/JP.p 

Not.......standard Penetration AHStanoe is sum 01 blows for 2nd - 6' and 
3rd - 6' to drive , .3/8' 1.0., 2" 0.0. Split BafTeI Sampler with 140 pound 
hammer tenlog 30 Inches. 
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B-64

Soil Boring Log 
Page 1 01 ff 

6-1nch Inches Driven - " No. Countl Inch .. Reoovered Rec 
o 

~--~--~5--+---~------+-~---+--------r-------------~ 

I I Not.-Standard Penetrallon ResI,tance 1$ IlIUm of blows for 2nd - 6" and 
3m - 6" 10 drtve 1-3/8" 1.0 .. 2" 0 .0 . SplIt Barr&! Sampler with 140 pound 
hanvner fallIng 30 Indl8l. 
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Soil Boring Log (Contd) 

Page .z.....of ~ 

Project f la J;. /I J "'''- y..,,/,LJ :1 a~./r 1~~*-.o.p%.. I Dj~~)"'1 
Sampling 6-'''''' Inches Driven 

B"'" 
No. r"", Deo'" Cooo~ Inches Recovered 

J...O If / 
.JJ'.~ ~ 

~ 

't ./,,?,/ 
/ 0 V 

C 
lr.r-7 IT ;(0/ ' ./ 

F' /1 1']1 N 

9 ./ ... ./ 
lr.r-P' 5 '7' ~'7' ./ 

9 .// [r ' 
/ 1lJ V 

I'T • ., 
V ./ 
10 1"'7 ./ 

/ L ./r? " 
/~ ./ 

15 ./ 
lrf -'" ,W ;' ./ 

I¥ ./ /t. rl 

0 
I'?' 

'J'-// 9 1'<'1 ./ 
.ltD .//c N 

/J V 
7 ./ lr.r-/,t. / 1 I"'''' ./ 

/Z ./ ./,, ~ 
/'Y V 

19 L 
lrJ ' /3 / 0 '7' 

J 5 /2. 

/ 2- "'" 

/ 0 

Samplee Submitted lor laboratory lesl8 

I I 

i % 
Roc Oescrlptlon 

: ,." Jo. • .I;/r/ -,,,, ,« '."" ~~-~ I ", 
1 r;.C7' · J / ..• " . ;Jf. -".~ d--..r( J.J,-/ , 

' : ' : P" '7 r' ./0.4 , 

· 
' ' .. :,/; <>", c 4 ..... " ,rf..:Af .. /,/' I r , · • • j A4 

I'" · . · · , 
,,.0/ 

· 1...,- : 
.. '. : fl.h6t :~_P'" ,p.0""'Y" ~M> ,JC .. , 
· '. J';,IiI C,v·./..1) ... ..d' . .{;.. "''I _.>.rt 

', :: . A,.....t. ... - .,/'6-"tJ"'e ... ..r~"Aj · . . .. ./ 

1-7 / · ' : ... II ~7.J/'~.~;' ''? r~- ~-. 

· ' : '" H ..Pr .,./..,r. <'~ ..... ,J./! · . · ~-,,_ ~ .. ,. .... .;-1 , .. ~J.r~~"'f • .:t'A-, ..... y .c;..1I , , , 
· .. 

· ' , y el /"'7,r< .,,;; ' ~:;'I' (-'~ /-"ffl'-;-1/., · ' , · ' 
'/, 'J;" ..... ;J.; __ ' v. ".,.J~~ 

· · c:/~Je.. / J'/,4-Jt &",/ , .. · · . .' , 
, '. ' · I WJ'~"·~? .f'''-'''' J.-.-:.y::' h/'f 
, · . fr' ·J. . ~ __ e..! ~,."" ~.;./ ~.,._ ' . 

16 / .. · . ,/.....,./ /J,..../.J~." · ' · : : .. . 
, , 

/~ ::: . .- fAA .. · , · · . , ' · ' · ' . " l;':'t ~;;::'1:,">'. ft."" "'''''' J"'-~ ""T _n I ",,~ ·.: . : : 'J"" ~J;<:: I , " __ ;.rI .... J ..... 
' " · . · . .,/....., .. , j./IA)' 

, 
, . · , : . . 

~tandard PenetraUon Resistance Is sum of blows tor 2nd - 6' and 
3td - 6" to drive 1-318' I.D •• 2' O.D. Spilt Barrel Sampler wilt! 140 pound 
hammer falling 30 Iochea. 

l'f 
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Soil Boring Log (Contd) 
Pag. J of f 

Project 

Sampling 6·lnch Inches Drtven .t 
i-No- , --''''T"",=''1'---Deo.,,--I c:=.. Inches Recovered R'!: ~ Deacription 

1---1--1--0'0 

~-+---I""5 

L..--L..--40 

Samples Subrnitled for Laboratory Testa 

I'I;L~ 3 .3L · 0 

N~tandard Penetralion Resistance Is sum of blows fot 2nd - 6' and 
3td - 6' to drive 1-318' 1.0 ., 2" 0 .0 . Spilt Barrel Sampler with 140 pouod 
hammer falling 30 inches. 
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OSR 10-1$<1 (:1-1) .. 97) 

Soil Boring Log (Contd) 

P ... ~of Ii' 

P .. jed ,/.. t/.,. ....J;,./-I-., ........ _~/IJ 3 "' • .! r I BorIng No. J Dllte z- J1II/.r--<J~L ..7//~?'1 
Sampling 6-lnch Indies Drtven 

Blow 
No. T,,. Oop" eooolo Inche-I Recovered 

",0 1,,( / 
iJ:r-/Z' 'j 1vN

/ 

I'; / IC 

• 
.Ir-/'f ...... - • 

W. 

-' 0 r 
frf-.t,,; - .LY / 

17 /~" 

'. ..t: / 
JJ-u 2- 2~ / 

/, N 

J 

Samples Submilted lor Labotalofy Testa 

I I 

§ 
" ~ R~ Oeecrtptlon . , 

l'j'--~1."""~.1 '''~-'~'_J ~'~~'n ':, . 
1/ '7 ' . liJ~·J'" /_;" -'-&1' ~.~ . , 

· " .,.I' .. ..,.,.~ , J~"'" 
" " " 

· , 

RLlI J .. 3 ' · (I, 
Lea'" 

~ ~ Yel -":,:"T-, ~ C/~? "'I . ~/:~{ 
'rL j. 'L~4- r&~ ...... ;" _""'~ 

,rr 

~ ~/cl~/", ,.J",Jr _ . .. " 'k"',,c 

... , . 18; ...... V' /.""'7 r-- "'~ · , ' , 

.... - ..... ~-./"'" /.: "', lvI-I- d.. Je.. ft • .! 
~ 

::, : . f/ . ... ' 
, , . 

R .... '" :J ' .. ~ r . 0, 
L 

:/~ 
rrJlf.:."" -"" ...... - .... " '11 - ' '/ 
,sa./'';'' #/ .. t ""1..1/&J1fl c _,~ _, .~ • ..Ic . . . 

' .. Il .. ,,11 ,,.,, J;/~ ...Jt&:- l. . V _. " .. ..,. dC C ~ 

'I,,~ /oOJ~ J ... .1 ~ Jt.c~ 9 • .,;,··J 7".(. 

NoIe-Standard Penetration Resistanc:e Is sum of blows foI" 2nd - 6" and 
3m - 6' t) drlve 1-318" I .. D., 2" O .. D. Spit Barrel Sampler wfth 140 pound 
hammtf fallirlg 30 Inches. 

< 
I..r 
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Soil Boring Log (Contd) 

I-----,-~~_~ 8-1"'" 

No. Typo 0.0" c!':~ R'!c 

n 

"'-

Irf-..?)' 

Samples SlIbmitled lor Laboratory Teste 

I I Nate--Standard Penetration Resistance Ie sum 01 blows tot 2nd - 6' and 
31d - 6'10 drtve 1·;W' 1.0 .• 2" 0 .0 . Spill Barrel Sampler wllh 1-40 pound 
hammer JaDing 30 Inches. 
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B-69

05a »-U' (1.1]...9'7) 

Soil Boring log (Contd) 
Page ~o,..!'. 

ProJOCI 

No. 

lr.r-l~ 

, 5 

L-~ __ ~~o, __ ~ __ ~ ____ ~L--L __ ~ ____________________ ~ 

Samples Submitted for Laboratory T esl3 

I I NcM--Slandard Penetration Resletance Is sum of bIowa for 2nd - 6" and 
3rd - 6' 10 drive 1-3/8" 1.0., Z' 0 .0 . Split Barrel SarJl)ler with 140 pound 
I'Iammet lallng 30 Inches. 
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Soil Boring Log (Contd) 

SampI ... ... "'" Inches Driven .... 
No. r"", ""''' eoun" InchH Recovered 

""' . ./ 
.TJ-:T~ fI ;2'7' / 

d> 7. " "r 

. , - 0 

Il l £" R l4 >--+---1--, 
SO" ".. " 

I--I--t-,go 
J.T-J>-

LrJ"-J.1 

Samplee Submitted for Laboralo1y T oell 

I I ~tandatcl Penettation Resistance 18 sum 01 blows ior 2nd -6" and 
3td - 6" to driYe 1-318" 1.0 ., 2" 0 .0 . Spflt Barrel Sampler with 140 pound 
hammer faNIng 30 Inches. 
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Soil Boring Log (Contd) 

-

p~J"" ~/:t'.;;I.,; <- j/,:~//-./ j .c...I .;- I """" No, cl 0... 0 z -t7/1'.r -/.!P2.- 3. '/y,P,? - 8-lnch Inchel Driven 

""" No, T"'" OIDth eoooa Ji1Che1 Recovered 
/'1". .rIO ./ Lu-?7 ~.L 1";(3- /' 

¥f ----;;;;r;Q ,.~ 

r .. -.r 

lu-tf 
:z. 
.2 

.L" 
, 

39 

l.cr-N 
:>/ 
;.r W '7 

,7.2. tj /.2e.r u 

5 

• 

Samples Submitted for laboratory Testa 

I I 

f " Roc Deacrlpllon 
' , 

cr .. " .. :-: 1!,yt:) :::."'/;- r·.,-..... .J··.r~>t<·h/ 
.', . J/-.L ..,-.... ~6;d-~,L 

" ' ',: : V"'? .,I....--I!. J£ -.?~ 
' ' . , , 

R LL» 3 ,11'0'1 

L I{'JlfttJ 

~-

'" / J 77 J )/">J"" f,?,/Lh'<,C '''~f~7'<'' ' , .I:~. ; .<. ;.:/,. ./~ .,<:: -~ ". W<. h.r 

:, :: ' ./t!Ar<, J{,'''-/(Y''/ 

J.J"O 
Ru, 

/000;. ::' ':':I'Jr;-?' 1j'~1~"'''' J~''/_';;7' ·Nt ':, -r~ -./'/1 -_..t' q'M ..... ~y . ' 

, , :-: 4'e~"-_ ./.? .... , - /t-'-
',' , .. , 

k/.1 d,..;// .L .d - /Jp -

[7'<A'>./ :f-" 1:f-'7"'~" /,. f( - /052 ' 

N~tandard Penotration Resistance Is sum of bIowa lor 2nd - 6' and 
3td - 6' 10 drive 1-3/8' 1.0 .• 2" 0 .0 . Split BaITei Sampler wtth 140 pound 
hammer falling 30 Inc::tlea. 
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$amp<1", 

No. Type """" o 

j.F-L 

or,. 

JJ..r 

Soil Boring Log 

GtoundwalerOepthl 1 ,31,"1 
Date foJJA- /tLltnme 

6-lnch Inches Ortven 

Blow " COlin" InchM Recovered Rea 

// /.lP ." .. ' p"..'..{ 
/.rV . ' 

Page 1 01 i: 

ReNrence EleYelion , I 
:J..~S- .J -"<or 

// ./:1..3" :: :.: 4 ..... ... ' /JJ" .. , ' 
~ __ ~ __ ~ro __ L-~/~'L~/~ ____ ~ __ ~~'~'L-________________________ ~ 

Sample. Submitted lor l...abotatory Testa 

Note--Standlrd Penelnlllon Reelatance Is sum of blows lOt 2nd - 6' and 
3td - 6' k> drive 1-3/8' 1.0., 2' 0 .0. SpIlt Barrel Samplerwi1h 1040 pound 
hanvner laJIng 30 Inchel. 
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No. 

JJ-l 

'.If-II 

I "-. 

, 

'. 

~, 

n 
/r ., 

N 
I~ 

1';1 

/ 3 
/3 

lit 
r 
I~ 

N 
,;r ., 

/I ., 
/I 

// 
IL 

K 
IT 
'f 

9 
/~ 

~ 
/L 
IJ 

Soil Boring Log (Contd) 
PBge~OI g-

· '., . 
,..7 ./ 

.' .' JAA 
./~7 · . . · .. 

.z..,,- ./ 
./ ,,'L 

.,- .. 
L"" /' _"7 r :::: JA;; 

I ., . 
V 

.. . · .. 
" 

L~N ./ 
./.l'; -

./ 
./ .... , ./ 

./.z~-

" 

. ' .. : t#-~ee iUtY'f; ':- pU h .. / .... '/"1n ... ,.,. 

.~. W~".,~.I' 7 ~ '<J ~' "1.. .... #6",./)/I, ./0<..( (..rA .! ",<-1'- {:. ,-. 
Lt. 

./ 

SampIH SUbnVited lor Labofatory Testa 

Note-Standard Penelralion Aesta1ance Is sum of blows lot 2nd -6' and 
3td - S· to drive 1·3/8'1.0 .. Z' 0 .0 . Spill Barrel Samplef with 140 pound 
hammer lalII10 30 Inches. 
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Soil Boring Log (Contd) 

Page :3 01 f? 

.. ,"'" .... " No. Counta InchH Recovered Aec Deea1ptIon 

0/0 

IH." '1 · 11 -0 '1' 

L • 

5 W /' ~ '. ',<j,,~;-? f" -• .-- ... , -• .,,;/T 
Lr.r-/7 

' . , 

/' ~'t ./ , , , 
(J/-:,...o1 .,.,'C../. ~ ''' ''' ,..,..,,",,/1' ~ 

/9 /' ... ",q ... . , 
J ",_J", ,//,,,./-./6"'7 , .n.,,,,,, , Il'; ilc 

7 
., . . , 

,U , ' .. 

L-__ ~ __ ~o, __ ~ __ -L ______ ~ __ L-~ ______________________ ~ 

Samptes Subfrinect 101 LaboralOry Tem 

I I Not.-Slandard Penetration ResIstanoe .. SOOI 01 bIowa lor 2nd - 8' and 
3ld - 8" to drtve 1·318' 1.0 ., 2" 0 .0 . Split Barrel Sampler with 140 pound 
hammet fallog 30 1ncheI. 
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Soil Boring Log (Contd) 

I" , D I? 0 I~ l..t~././ 
/:z. /,l.," 

/.1 V 

/-

// .//~ 
// V 

Samples Submitted to, Labotatory THtI 

I I 

. . 

~tandard Peoeltal6on Realstance Ie sum 01 blows b 2nd - S· and 
3rd - 6" to dJtva 1-3/8' 1.0., 2" 0 .0 . Spit Bane! Samplet with 140 pound 
helT\f!'l8f IaUIng 30 Inchel. 
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p",Joot 

No. 

!.rJ-U 

lP"-~ 

l.cF-w 

JJ--/T 

Soil Boring Log (Contd) 

J;/f.r;'~ .... ~~ /fr 3 A..{ .r 
Sampling 6·lndl Inctutl Drtven 

Blow " T". [)eo" Cooob Inches Recovered Roo 
. }j' 0 j ./ ., :W ./ '" ./".2,< 'F 

~, 

c V~¢> 
7 «" 
/1' 

~o 

N Jy /' 
V- /1. .. . 

5 

<t p," ./ ~.o 
/"( /.r~'" 

/. 

0 

- -
I_No -10 0.r,,1> 1M Z- ~t/r-"j?7 TdJ'I"7 __ 3),7 

j ALl. a.3/ . 0'f 

~ L< " Oeacrlptlon 

~ 11-/ J"'" -'-' ~ < F"? _J~ -~. ( -7,' ":"" 
J.~P/A".C. J~L -I,. .. .r" ~c( _~ ... _ .ff.n; 

V.:/: ~11.......k'~ flU /0 .~J.'I.'".' "" 
wu~;..~ J( l. /I .(,"1~ 

V2 fM u:.. C;; ;" ->:"" Us:., ,. t-. , ""cr (d .... _ .-/4A<L. ~(,f'!LP,./,. 

t%!: ..,;11. we l/ G.""e..1tA flJ,,-.,L . J.-c. 
... .. "' / ~. 

~, r~ 4<. c '?? J~;~ f- f'" , ~--... 
~L .. .r~;,t --Il.0.'/' .. ./~ wJ~ "",II 

W <:c~ ..f1iC",;t.,T"''' ,/ fb. C "....., • • ~ .. ~. 

..,,'-C .~:ft~ ...L4c.//_~""'f" 

V/ ,'r.,j."< ;~ /:', ..... <..""" 'I; J'_ IJ'/'F • r' , 
iJV.r! ... V4( _~.b",,_ ~.re ~#.,.(, ".../~ 

~ /': 
;~v''''' _ ~._ ".T kC/1' G"_~~_ ~"~'"JJf.J,t. 
",I f{. ,t." MJ4{~ • ..v,,-' /(,?I "./-.tJ) 
"I,... CA.. ...... ...,a • X/4e. 

Hot....standard Penetrallon Resistance Is sumol blows for 2nd -6' and 
3m - 6' 10 drIVe 1-3/8" I.D., 2" 0.0. Split Barrel Sampler with 140 pound 
hammer lanlng 30 Inches. 

.7-

£ 
3, 

¥ 
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Sampling 

No. 
0 0 

f--+ --+-,<c, 
1.cr-.l7 

6-,"'" 
Blow 

Coon. 

r 

I 

Soil Boring Log (Contd) 

P ... ' o'~ 

Inc:he's Ortven 

Inc:hes Recoyered Aec 

-

~_L-_~~o_~ __ ~ ________ ~ __ ~~ __________________________ ~ 

Sampln Submined for Laboratory Tests 

Not....standard Penetration Resistance Ia sum of blows lor 2nd -6· and 
3rd - 6" \0 drive 1-318" 1.0., 2" 0 .0 . Sp~1 Barrer Sampler wiItl140 pound 
hammer falling 30 lnelles. 
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B-78

Soil Boring Log (Contd) 

- -Paoe 7 01 ~ 

Projoct J;.//-J-/-,,,,,- ~¥/I./ J "...(.r leo, .. No rl°ol
• V i"J z. - J.i I/.r -2J p.5 3. /? ¢7 

Sampling 6-lnch IJ'lChe9 Driveo f Blow '" No. r". 000" Counts Inches Recovered Roc Oeacr\ption 
,J.. 0 ./ ... 1R~4J.~ .-r /~p ." fA/>' 

r..l-J,a 
. . ... /-I_~ fry ",.,..~ :r • ./..I J <J'" .r,' / 38 /? ../ .,." .. . : 

o - J "" ....--'0 . . . '1<:r"'-J-?,~w- 60 ..-'" cr ' P - .-, -..... 
.<"~. ",or 

Itt. ~ 3·a / ."4' A" 5 ""# - 3" " 07- ~ k JO/ - -"" ~ / • ..v w':-f '7 
1 r,r.?/ :.r A7 ~ ~ JAA _Ah, ,,,,,,L .,. .... , . 

""V 14 , 

--;-;-
" , ~ 

" 0 
.u, .' TI' - J " 0 " O~ -~-61." ,"-'" ~ 

irJ-Jt tE~ r";.., _ "v./ """" I -i, ~ 

A 

~5 
· 3 1· o . ... ' . . 

~<~-/-Jp " / .... / .... ~:.;; //.ffo'/ - ,·JOT R* ~b' iI!!' i> :;'.:;.:. lr.r-.ll' -,- H _ r./ L"~ ,. /. JO'; ,I' ,.,0/-'" F" , <-d. /.1 --r"h--<",._ . >[",,-
I'" 

" 

Samples Submitted !of laboratory Tests 

I I NOle-Standard Penetration Resistance Is sum of bfows for 200- 6' and 
3rd - 6' 10 drtve 1-318' LD., 2' 0 .0 . Spill Barrel Sampler with 140 pound 
hammer lamng 30 inches. 
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ProJea 

No. 

~J~ 

i.rJ',r.F 

JJ-Ji: 

Soil Boring Log (Contd) 

J</h/v.<- /:.I/J J"J .r 

"""""'" 
6-lnch Inches Oriven .... " Type Dep~ Coonb Inches Recovered Roc 

1''1' ' -,. .. ,;- '" ~!.~ R:'~ A"" 
f . " 'f .. \ "'f"eA-,"'" 

u 
l /l~ 

5 

.J./ .. / Ie-. 
.3/ /7-p 

»' / 

• .zC / 
~,. .20;- ./ .,q 
.ral ~"" 

..Jl 

5 

• 

Samples SIJbl'nilted for Labofatory TeslS 

I 

P"'~O' ~ -

I""'''' No -A",_ ' 1 0.1. vi /¢?'; 2-t/lJi'r- J 3 /7 
j 
0 

3 Oe$Cl'lplion 
· . '.:: A'a::,J4 - ~p_J ~ " · . 

-' . /I -~.,/ ." ~."A ""./,./ ..h<.-" (Jd 
r.; _.--.1' " ... _t.t ... "s· ") ",.t'j. ,....1 / -1',....... '1(.,,,., 

,<IlL4 & ' '3/ . 

I.EA-· ... ":'''': ".'7 .h',? JA' • v-~ J'_< T "A 
· ' . IlCLJ/...., ••• %. .- "- ,.. .;/-~ ~ • .., ",,{ 
• .. Jr4.'7 ./_I'c. ~. ",.J_.t-JJ'7'. 'p •• ' p' 

. ..~ 
I ' 

' .. . '. : ~--::'~/.'h"'*,?" ~A -< ~ J' .. .. ". Crt<'-JA. / _.-:; .... "-" dU. OJ. ,~ 
· . : . ..... I -J"""u-I"..J ... Vtt.'? -'~.rc. ,pt .. J ... ./:J~:/-.. .... ;Z;... 

7.1 .. / dril/ ./e.g,4{- /F¢' 

/-1' .. 1 .y>/;f-oy'"" -<yff -/.r.z. / 

Not.......standard Penetration Resistance !s sum of blows lor 2nd - 6' and 
3rd - 6 ' to dl1V8 1-318' 1.0., 2" 0 .0 . Split Barrel Samplef with 140 pound 
hammer falting 30 Inches. 

Y 
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Project 
J~ I/flv~,- i/.~!h 

Bo'''''No::z: _ VS0- -,aI'';'' 

D"Ie, J;;€..c... /l vl-r~ 
Technical Oversight 

.-<7,1/:£> '-C 
T Oversight ~.ny 

..rA E c.. 

Sam,," 6-,"'" 
Blow No. T,,, 00'" """"~ • 

• 

,. 

,. 

Soil Boring Log 
P 1 oli[ ..,. 

J ... - .1 F IDa1'3A>9/,,' I'''' 2""-?--e.: 
SRS ~dlnatel!l 

N / . ¢ E CC791:z.. . JZ' 
Reterenee Elevalion ~ ' / 

-<'7;" . ...J 

Drilling Suboontrac1o.:,.c; , , v __ 0 T()(8.t Hole Depth '~G-
1.r~ . {i1 ' c.r 

Groundwat~~ 3 -3 / .<:> ,,/ 
Date tJ 4 TIme Ooplh 

.A-.';: Methods and Oeplh9 
." ~.I~ ' ",.,<-.1.1<.""-.;-

Inches Driven 

" Inches Aecov9fed Roc 

, 

f Description 

I!;.:L ::~<rL,:~:;::~~:X¢' 
• • ,...-' /c/ ./,., ./ A"'''C. {.r""/~ -.-.// /",",/<-1 • • -:;; J :2 .. ,...~.c. d ", 

• • • 
• • . ' . -. • • 

U: l . ",ui. ,,.,, ..rA M .U .. (f .y /,.,?-y.".. 
. ,.;; ~,." 7,~ . . 

~ r -,"' -f_ C UIYI~ OJ"'~,r;J?CJ~ JO~ 
".-;. . "", -..;:-~ J I . J _oJ ~~ 'L 

r% 
V · . 

/ J,4A 

:;-;. 
,1) 

c:...r.~ a.;/---:~ 'U/?LJ/.w~ 
I 

/ 

..i 

Not.-5tandard Penetration RHlstanc& Is sum of blows lor 2nd -S" and 
3rd - 6" to drive 1-318" 1.0 ., 2" 0 .0 . SpIl l Barrel Sampler wlltl 140 pound 
hammer lalling 30 Inchea. 
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Soil Boring Log (Contd) 

POQ8.J... of P -

Project ""f~ ...;;. H.r -"''' ~ ~~/7'-J J c../ ",--- IBorlO' No !~o"·0 0 .z-I§0-~jD .3 ji>,. "¢'j' 

Sampling 6· lnch Inches Ortven 
Bk>w " No_ r". Oeo~ Cooo~ Inches Recovered R"" 

oZO /' 
In.:/ 1< .... ; .... /' 

/. /. . 'r 
17 7" 

, 

.... 0 

lFr. :.. '1'7 "7 
/, ... .. V .... 

-, 
lr7-'_1 r;zp "7 /~ 

//..,ij.' I'" 

0 

Samples Submitted lor laboratoty T"1s 

. N .':';-

I OeSCl1ption 
· ,. . RLc,. J·31 _0, . . 

' ... C; ...... J,,,;/ . . 
· .. ' , ~::t.tL ~-0l/"'7 . " . . . , - ~/ _ "", 'wI- rf,...J. .' ' . 

1 
-, , 

r;,~-, 'J" 1 ... 1- L... / ,J. /2;l./(~ 
r 

I 

\J · .. .. . Poo,-/y 6AA-1)O ALto J .71. 01 
· .' . /; "'1 .1''''''''2 (.-VJ.I /.-~. -r,~<J. _0..£ ~ ,'. : '. ' . ~ 4<-< /fJe -.... ..... :,} J {,.'/ , -

"" . J. ~. Ju/"n,r .. I "z. . .T / 
/ 

~ IO ... ?>- .. .fie 70/ on( J,IfI,':C / .• .-;:-' 
CLA"';" SII,/'oJi} .Ql 3 ':11 · c ct 

10. /r",.. o;;: 'K/v~ftJ6,..,o../~f 
e'. ;';~L. elc.., ....... ; ... ~ C;~ '..I:t:o./'-' 
~/ _oiJT; J.t.~? " f,..l- oA- 4,t" ,(t: 

Not..--standard Penetration Resistance Is sum of blows lor 2nd - 6' and 
3n:1 - 6' to drive 1·3/8' 1.0., 2" 0.0. Split Ba"eI Sampler with 140 pound 
hammer falling 30 Inches . 
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Soil Boring Log (Contd) 

Project ~ .. J.rJl. .... W~IIJ 7 "'....( .r 

-"" 6·lnch Inches Driven 

""'" " No. T~ n.n~ Counb Inches Recovered R~ 

~o 

5 

~O 
/' 

In:", 7'< ' ./ ,.,r 
A .. 

7' 

"5 7 
Irr-.r 1 .,"'" . /' 

7 '/ 17-" 
7-= 

0 

Samples Submltled lor Laboratory Testa 

i3%t9i i%?£&:';,i 

Page 3 of i: -

I~~ 10· .. vP' 1/1" z- //.r-JJ ,7' J 10 '1 (lfr 

i Description 

1l 
( 

V.J;Jt",f L?r;/~y "(V/,,f"-

) 

,t!r i / /'1 f /f>r .r 7'7 

~ ~Ct"J 

~ yr" "". v::.J,~J. ',J'"r: 
/<- ........ "......t ., ..... I;,~n~ . .r r~' ~..t'/"" 

.J/ ,w," 

~ 
~ /.,,< 'r., [7 ~CZ; f7 L"J"'< 

t?P h_ ........ ~.,_ .. .d~;.I.v 
v/ ,...;.rt; ':""/ d-"' '/'",.. ..". 

Note-Standard Penetration Reslslance Is sum of blows for 2nd - 6" and 
3«1 - S" to drive ' -318" 1.0 ., 2" 0 .0 . SplH BarTel $ampler with 140 pound 
hammer failing 30 Inches. 
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Project 

No. 

Soil Boring Log (Contd) 

J . ./frp'" ... {/..v/fr 3 ... J .r 
Sampling 6·lnch Inches Driven 

""w % 
T,oe DeDth Counts Inches Recovered Roo 

GO 

/, 

0 

, 

0-0 

Samples Submitted for laboratory Tests 

page~Of£ 

Iz~~ J/r -,d~ ID'''Y/SZ''1/d,9 

I De5Cl1ption 

if-

t 

c,.,//.f-f~~ i a///'~9 ,t;.-Ifl'~<<-
( ,. 

I 

~ 
" £/r;//.N'! tIl'tI-j"tJ"Ir-- r''''''t:-r(!r '" I '" I 

1\ 

U ~:flC!Af- a;~~h..l'p4~re. , 
I 

J--

Note-Standard Penetration Resistance is sum 01 blows lor 2nd - 6' and 
3rd - 6' to cUive ' ·318" 1.0., 2' 0 .0 . Split Barrel Sampler ..... ith 140 pound 
hammer tailing 30 Inches. 
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Ho\e-Slandard Penetration Resistance is sum 01 blows for 2nd - 6' and 
3rd - 6" 10 drive 1-3/8"1.0.,2" 0 .0. Split BafTeI Sampl8f' wilt! 140 pound 
hammer tailing 30 inches. 
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Soil Boring Log (Contd) 

P"'I'" J. "'If-.rf .. ...... ;/.c.-Iff :I «at J -

Sampik>g 6-'''''' Inches Driven 
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IOJ 
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-r;, C-(/~hJfd /I~ &'~.( 
J /-j4fl/ .fe/le I" a;II/~? 
A-.y'o.fe. 

1J/ 

N0e.-5tandard Penetration ReSistance Is sum of blows lor 2nd - S' and 
3rd - 6 ' 10 drive 1~' J.D., 2 ' 0 .0 . Split Barrel Sampler with 140 pound 
hammer laJIing 30 Inches. 
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Soil Boring Log (Contd) 
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Samples SubmItted lot laboratory Teats 
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, 
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Not-Slandatd Penetration Resistance Is sum 01 blows for 2nd - 6" and 
3m - 6"\0 drive '-318" 1.0., 2" 0 .0 . Split BarTel SamplIK wi1h 140 pound 
hammer lal1lng 30 Inches. 
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Soil Boring Log (Contd) 
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Sampling 6·lnch Inches Driven 
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.... 
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Samples Subrrltled for Laboratory Tests 
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r. I,d b'5?"7'l cJ/" ,(J''''''''i /.:r~·fJ' 

Note-Slandetd Penetration R&9istance Ia eum 01 blows for 2nd - 6' and 
3rd - 6' to drtve 1-318°1.0., 2" 0 .0 . Split Barrel Sampler wl1h 140 pound 
hammer tailing 30 Inches. 



February 25, 2009 

Mr. Ken Parton 
Fugro Consultants, Inc. 
6105 Rookin St. 
Houston, TX 77074 
(713) 346-4000 

Re: SPT Hammer Calibration 
 Fugro Texas – CME 75 (S/N 362087) 
 GRL Job No. 081107 

Dear Mr. Parton, 

This report transmits results from SPT Energy Measurement Testing performed 
on February 24, 2009 at the above referenced site.  The testing was conducted 
to calibrate an automatic hammer mounted to a CME 75 drill rig.  A 140 lb drop 
weight was utilized for the testing.  Appendix A describes our measurement and 
analysis methods while Appendix B gives a summary of the field data and 
results.

OBJECTIVES

The objectives of the current testing were to perform SPT Energy Measurements 
according to ASTM D4633-05.  These objectives were met using our Pile Driving 
Analyzer®, Model PAK, which acquired the SPT hammer’s transfer energies 
using an instrumented NWJ rod section and two piezoresistive accelerometers.

TESTING AND EQUIPMENT

Drilling and SPT Hammer Equipment 

SPT energy measurements were collected for an automatic hammer mounted to 
a CME 75 drill rig.  The anvil was 2.5 inches in diameter and had an overall 
length, including overlap, of 12 inches.  The drill rig serial number was 362087.  
The drilling method appeared to be a solid stem continuous flight auger.  The 
split spoon sampler was lowered into the open hole and energy measurements 
were collected at sampling penetrations ranging between 0.5 and 26 ft.
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GRL Job No. 091015 
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GRL Engineers, Inc. 

Instrumentation 

A Model PAK Pile Driving Analyzer (PDA) data acquisition system was used to 
collect and process the dynamic measurements of force and velocity.  A two foot 
long section of NWJ rod subsection was instrumented with two full bridge foil 
resistance strain gage and two piezoresistive accelerometers mounted at the 
midpoint location of the instrumented subsection. 
    
Analog signals from the strain gages and accelerometers were conditioned, 
digitized, stored and processed with the PDA.  The sampling frequency used 
during the SPT testing was 20 kHz.  Selected output from the PDA for each 
recorded impact included the maximum average compressive stress (CSX), 
maximum tension stress (TSX), maximum energy transfer (EMX), hammer 
transfer efficiency (ETR),  maximum rod top force (FMX), maximum rod top 
velocity (VMX), and the hammer operating rate (BPM). 

MEASUREMENTS AND CALCULATIONS

FV Method (EMX) 

The FV Method is currently recognized in ASTM D4633-05, and is the 
theoretically correct result.  Energy transfer to the PDA gage location, EMX, was 
computed by the PDA using the force, F(t), and velocity, v(t), records as follows: 
   

dttvtFEMX

b

a

The time "a" corresponds to the start of the record when the energy transfer 
begins, and "b" is the time at which energy transferred to the rod reaches a 
maximum value.   

Any cross-sectional area difference between the GRL rod subsection and the drill 
rods, any loose connections or changes in area at section joints, or any cross-
sectional area differences between the individual drill rod sections will result in 
stress wave reflections that can influence the stress wave transmission. The 
EMX transferred energy calculation method, utilizing both force and velocity 
records, is theoretically correct and gives energy transfer results that are not 
adversely affected by cross-sectional area changes or loose connectors. The 
EMX results are included in Appendix B for all records collected and accepted 
after checking them for consistency. 
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Corrected SPT number (N60)

While the primary purpose of SPT energy testing is to calculate the maximum 
transfer energy (EMX) of each hammer blow, the overall average EMX value can 
be used to calculate the corrected SPT number (N60).  To adjust the SPT 
N-Value for hammer performance, the following correction as suggested by Seed 
for N-Value adjustment to 60% transfer efficiency (e.g. 210 ft-pounds for the 140 
lb hammer) was used: 

Where:
 N60 = Corrected N-value 
 Em = overall average measured energy transfer (EMX) 
 Nm =number of blows for last 12 inches of sampler penetration 

A general introduction to dynamic SPT testing methods is included in this report 
as Appendix A.  References for more detailed descriptions of our testing and 
analysis methods are available upon request. 

RESULTS

Upon return to the office, the records collected by the PDA were checked for 
consistency and accuracy.  For example, records from very weak startup or final 
impacts were not included in the results.  Appendix B contains a representative 
plot of force and normalized velocity versus time and plots and tables of PDA 
results for all hammer blows at each dynamically monitored sampling depth.  The 
PDA results include maximum average compressive stress (CSX), maximum 
tension stress (TSX), maximum energy transfer (EMX), hammer transfer 
efficiency (ETR),  maximum rod top force (FMX), maximum rod top velocity 
(VMX), and the hammer operating rate (BPM).  The plots show each calculated 
PDA result versus sampling spoon penetration while the tables show statistical 
summaries for each 6 inch increment.  At the end of each table, on the next 
page, a statistical evaluation showing only results which correspond to the 
N-Value is presented. 

Table 1 summarizes the average transfer energy values calculated by the EMX 
method. The records averaged consist only of the hammer blows at each 
dynamically monitored sampling depth that correspond to the N-Values. The 
“energy transfer ratio” (ETR) is defined as the ratio of maximum transferred 
energy EMX divided by the theoretical hammer potential energy of 350 ft-lbs for 
the 140 lb hammer.  The average hammer operating rate is reported in blows per 

N
E

N
m

m60
210
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minute (BPM).  Calculated N60 values using the overall average EMX and the 
relationship described above are also shown in Table 1.

CONCLUSIONS

RIG: CME 75 (S/N: 362087) - 140 lb Hammer 
The average maximum energy transfer to the NWJ SPT rod using a 140 lb drop 
weight was 81% for the CME 75 (s/n: 362087) drill rig.  The standard deviation 
was 3%.  The average blow rate of the automatic hammer during the time of 
testing was 55 blows/min with a standard deviation of 1 blow/min. 

Please review ASTM D4633-05 prior to applying these test results. 

We appreciate the opportunity to be of assistance to you on this project.  Please 
contact our office should you have any questions regarding this submittal, require 
additional information, or if we may be of further service. 

Sincerely,

GRL Engineers, Inc. 

           
Matt Nagy     Ryan C. Allin 
Project Engineer     

MN:RCA:dms
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, MACTEC 
engineering and constructing a better tomorrow 

May 19,2009 

Savannah River Nuclear Solutions 
Bldg. 730-2B Room 1086 
Aiken, SC 29808 

Attention: 
Subject: 

Mr. Jim Mason, Site Geotechnical Services 
Test Report - Saltstone Vaults 3 & 5 
Subcontract No. A,C54317N, Delivery Order No.6 
MACTEC Project No. 6155-08-0031 

Dear Mr. Mason: 

MACTEC Engineering & Consulting. Inc. (MACTEC) has completed the assigned testing services fOT 

Delivery Order No.6, Subcontract No. AB54317N. The test results are included in Attachment I. An 
equ ipment list used in this Delivery Order is included in Attachment 2. The tests performed in this 
Delivery Order are li sted below along with applicable ASTM or other procedures: 

Permeability 
Capillary/Moisture Relationship 
Porosity 
Consolidation 
Atterburg Limits 
Grainsize with Hydrometer 
Grainsize 
Mod ified Proctor 
Unit Weight &Moisture Content 
Specific Gravity 
CD Triaxial 
Natural Moisture Content 

ASTMDS084 
ASTMD31S2 
USCOE EMIllO-2-1906 
ASTMD243S 
ASTMD4318 
ASTMD422 
ASTMD422 
ASTM DISS7 
MACTECTP-4 
ASTMD8S4 
ASTMD4767 
ASTMD2216 

These tests were performed in accordance with the above referenced contract order and MACTEC's 
Quality Assurance Manual (QAM) Revision I . 

MACTEC Engineering and Consulting, Inc. 
396 Plasters Avenue. NE • Atlanta, GA 30324 • Phone: 404·873-4761 • Fax: 404-817-0221 

WW1N.moctec.com 
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Sailstone Va ults 3&5, AC5431 7N DO 6 
MACTEC Project No. 6155-08-0031 

May 19,2009 

We appreciate the opportunity of serving your geotechnical laboratory testing needs. If you have 
questions, please contact us. 

Sincerely, 

C Engineering and Consulting, Inc. 

a~n~htr"~ 
Laboratory Manager 

Page 2 of4 

Ce: WSRC 
Vendor Documents 
Building 704-INlRoom 137 
Aiken, SC 29808 
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Sa/tstolle Vaults 3&5, AC54317N DO 6 
MACTEC Project No. 6155~08~0031 

ATTACHMENT 1 

Page 3 of4 

May 19, 2009 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

,. , ~ '00 
100 

, , 1 , 0 

90 10 

80 
1\ 20 

" 5: 70 

\ 
30 gJ 

" 
() 

~ 60 

m z 
40 -< 

>- \ () 
on ~ a: 
~ 50 50 ~ 
u: m 

'" 1-
60 ~ ~ 40 

\ u 1.\ a: 
~ 30 70 G5 

\ J: 
-< 

20 

" 
80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILUMETERS 

% COBBLES 
% GRAVEL % $AND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.3 12. 1 74.2 9.5 3.9 

SOURCE SAMPLe, DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % "- PL 
0 Z-V3V5-BO I B, I 0-5 ft 3118/09 SM Brown Sil Sand 8.2 NV NP 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 AND '-::J<.J 
:r/Iir/tY/ 

I Proiect No~155-08·0031.06 Lab No. 9465 CONSIJLIING, IN_C. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

00 / 

Dashed line indicates the approximate / 
upper limit boundary for natural soils 

/ 
501-

~ 

/ 

/ 'j 
40 

1;\ ~ ;' 1/ 

§30 - / / 

"' S / / 
0. / 

20 - / 

/ t T 
/ ij 
/ J 

7 - Z ~ ML cirOL 
1 0~ 
4 I 

MH arOH 

I 
10 30 50 - 70 90 110 

LIQUID LIMIT 

.E# DATE uses INM %I LL PI 

~ Sill 

Clienl SRNS MACTEC ENGINEERING I· Tested By, :d BY: JW 

Pro'ect Saltstone Vaults 3 & 5 AN D 

. :1 No. 6155-08-0031.00 1 Lab No. 9465 CONSULTING, INC. 
::\<...> 
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8 0 

7 0 

COMPACTION TEST REPORT 

Project No. : 6155-08-0031.06 

Project: Saltstone Vaults 3 & 5 

Location: Z-V3VS-BOI 

Elev.lDepth: 0-5 ft Sample No. Bag I 

Remarks: Tested By: EH Reviewed By: JW :$""0 .>/1 $'!it?1 

MATERIAL DESCRIPTION 

Description: Brown Si lty Sand 

USCS: SM 

Sp.G.= 

AASHTO: Classifications -

Nat. Moist. = 8.2 % 

Liquid Limit = NY 

%> 3/4in.= 0.0% 

Plasticity Index = NP 

% < No.200 = 13.4 % 

TEST RESULTS 

Maximum dry density - 116.5 pef 

Optimum moisture = 9.4 % 

Test specification: 
ASTM 01557-07 

I, 

Date: 3/19/09 

, 
"- 100% SATURATION CURVES , 

FOR SPEC. GRAV. EQUAL TO: 

l'-- 2.8 
2.7 
2.6 

l' 

l'-
1 
~ f-

I 
~ 

I 

o 5 10 15 20 25 30 35 
Water content, % 

!'-

40 

Lab 9465 L _ __________ _ MACTEC Engineering and Consu lt ing, Inc .. _ _ ________ __ ---l 
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MOISTURE DENSITY TEST DATA 

Client: SRNS 
Project: Saltstone Vaults 3 & 5 
Project Number: 6155 - 08 - 0031 . 06 

Source: Z-V3VS -B OI 
Sample No.: Bag 1 

Sand 

Specimen Data 

Sample Length(in. /cm.): 9465 Elev. or Depth: 0 - 5 ft 
Location: Z- V3V5 - BOI 
Description: Brown Silty 
Liquid Limit: NV 
Date: 3/19/09 

Plasticity Index: NP Natural Moisture: 8 . 2 
uses Classification: 8M AASHTO Classification: 

By : EH Reviewed By : JW 
in . sieve : 0 . 0 

Testing Remarks: Tested 
Percent retained on 3/4 
Percent passing No. 200 sieve: 13 .4 Specific gravity: 

Type of test: ASTM 01557-07 

12 0 ZAV;f\ 2.65 , 
\ 

~ 6 

1/ .", 
4 

/ 

11 

11 

11 

11 2 

11 0 

Test Data And Results 

POINT NO. 1 
WM+ WS 3928 . 6 
WM 2053 . 2 
WW+T 412 . 00 
WD+T 381:60 
TARE 8 . 40 
MOIST 8 . 1 

MOISTURE 8 . 1 
DRY DEN 114 . 9 

2 
3980 . 0 
2053.2 
440.20 
40 0 .20 
8 . 30 
10 . 2 

10 . 2 
115.9 

3 
3977 .1 
2053 . 2 
45 7 .60 
418.70 
8 . 30 
9 . 5 

9 . 5 
116 . 5 

4 
3978 . 9 
2053 . 2 
524 . 00 
471.0 0 
8 . 30 
11 . 5 

11 . 5 
114 . 5 

5 
3878 . 9 
2053 . 2 
46 9 .1 0 
437.90 
8 . 40 
7 . 3 

7 . 3 
112 . 8 

4 , 12 1. 
Max dry den= 116 . 5 pef Opt moisture= 9 . 4 % 

MACTEC Engineering and Consulting , Inc. 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES u.s. STANDARD SIEVE NUMBERS HYDROMETER 

• ., YO , 
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90 10 
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m z 
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'" >- 6O'l! @ 40 '-" ~ '" & 30 70 Gi 
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'-2<J 80 
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0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM I FINE SILT CLAY 
0 0.0 0.0 0.0 0.2 13.6 51.8 13.9 20.5 

SOURCE SAMPLE' DEPTHlElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % U PC 
0 Z-V3V5-BO I Ba~2 5-10 ft 3/18/09 SC Brown Clayey Sand 15.6 43 20 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND .-, cD 

Project No. 6155-08-0031.06 I Lab No. 9466 CONSULTING, INC. S/I'i)f2'? 
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I LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 I 

Dashed nne indicates the approximate J / II upper limlt boundary for natural soils / , 
/ 
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~V / / 

/ '7 40 l- I/ 

/ 
I 

X w / 

II 0 
~ / 

E: 30 / 
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l-

I f: / II "' :5 / 
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20 I-
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/ 1 / V 7 - / // /9(111// // ML ,OL MH orOH 4 

II I : I 
10 30 50 70 90 110 

LIQUID LIMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-BOI Bae2 5-10 ft 3/18/09 SC Brown CJavev Sand 15.6 43 23 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND :::r0 
-/1[5'/0( 

Pro"ect No, 6155-08-0031.06 I Lab No. 9466 CONSULTING, INC. 
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COMPACTION TEST REPORT 

Project No.: 6155-08-0031.06 

Project: Saltstone Vaults 3 & 5 

Location : Z-V3V5-BOI 

Elev./Depth: 5-10 ft 
Remarks : Tested By: EH Reviewed By: JW 

Sample No. Bag 2 

::5w sM/01 
MATERIAL DESCRIPTION 

Description: Brown Clayey Sand 

uses: sc 
Sp.G. = 

AASHTO: Classifications -

Nat. Moist. = 15.6 % 

Liquid Limit = 43 

%>3/4in.= 0.0 % 

Plasticity Index = 23 

% < No.200 = 34.4 % 

TEST RESULTS 

Maximum dry density = 122.9 pef 

Optimum moisture - 12.2 % 

Test specification: 
ASTM D1557-07 

L, 
[, 

Date: 3119/09 

100% SATURATION CURVES 

r'\ FOR SPEC. GRAV. EQUAL TO: 

'" 2.8 
2.7 
2.6 , 

.['. 
,P, 

'),. 
N: 

'1--, 

o 5 10 15 20 25 30 35 
Water content, % 

i' , 

40 

Lab 9466 
L _____________ MACTEC Engineering and Consulting, Inc. _____________ ---' 
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MOISTURE DENSITY TEST DATA 

Client: SRNS 
Project: Salts tone Vaults 3 & 5 
Project Number: 6155 - 08-0031 . 06 

Source: Z- V3V5 -B 01 
Sample No . : Bag 2 

Sand 

Specimen Data 

Sample Length (in./cm.) : 9466 Elav. or Depth: 5-10 ft 
Location: Z- V3VS - B01 
Description: Brown Clayey 
Liquid Limit: 43 
Date: 3/19/09 

Plasticity Index: 23 
USCS Classification: SC 

Natural Moisture: 15 . 6 
AASHTO Classification: 

Testing 
Percent 
Percent 

Remarks: Tested 
retained on 3/4 
passing No. 200 

By : EH Reviewed By : JW 
in . sieve: 0 . 0 
sieve: 34 . 4 Specific gravity: 

Test Data And Results 

Type of test: ASTM D1557-07 

12 5 \ ZAV SpG 
2.65 

12 3 

/ 
12 1 

11 • / \ 
\ 

7 
\ 

5 \ 
11 

11 

POINT NO. 1 
WM+ WS 4029 . 8 
WM 2053 . 2 
WW+T 534 . 80 
WD+T 486.20 
TARE 8 . 20 
MOIST 10.2 

MOISTURE 10 . 2 
DRY DEN 118.9 

2 
4134.7 
2053 . 2 
536.30 
478.60 
8.40 
12 . 3 

12 . 3 
122 . 9 

3 
4078 . 2 
2053 . 2 
462 . 80 
405.20 
8.30 
14 . 5 

14 . 5 
117 . 2 

4 
4083 . 8 
2053 . 2 
521.70 
470 . 80 
8 . 20 
11 . 0 

11 . 0 
121. 3 

5 
4125.3 
2053 . 2 
524 . 70 
464 . 30 
8 . 40 
13 . 2 

13 . 2 
121. 3 

7 11 15 " Max dry de n= 122 . 9 pef Opt moisture= 12 . 2 % 

MACTEC Engineering and Consulting , Inc. 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES u.s. STANDARD SIEVE NUMBERS HYDROMETER 
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"" 
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80 20 
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>- n 
m ~ 0: 
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U li 0: 

~ 30 
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70 Ci 
:!i 

20 
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80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FIN E SILT CLAY 
0 0.0 0.0 0.0 1.4 50.7 37.8 10.1 

! 

SOURCE SAMPLE # OEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PL 
0 Z-V3VS-BOI STl 20-22 ft 4nt09 sp-sc Brown Poor! Graded Sand with Cia 11.1 31 20 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 AND :s-o.) 

Project No. 6155-08-0031.06 Lab No. 9476 CONSULTING, INC. ,rll~/v ,,( 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

30.95 , i i i I i 

30.91 1 I I" I I I 1 1111111 11 11 

~ 3087 1 I I I I I I I I I I I II I I I I I I I I 

° " '" w 
r-
~ 3083 1 I I I I I I I I I I I I I I I I I I I I I 

3079 1 I I I I I I I I I I I III I I I I I I I 

I I I I I , I , II II 
30.755 10 20 25 30 40 

SOURCE 
Z-V3V5~BOl 

NUMBER OF SLOWS 

SAMPLE 1:- DEPTH/ELEV. DATE SAMPLED 

STi 20-22 ft 417/09 
uses 
SP-SC 

>< w 

" z 

60 r---------------------.---r7-,---r-->7--, 
Dashed line indicates the approximate / 
upper limit boundary for natural soils 

I 
soI-

40~ 
I 

I 
I 

~ 301-

" 
l1/r I V 

201- / 1 V ~ 
:'i 
a. 

I \,v/ 
I .v 

101= I (Y 

:b- 1 MLo'OL 

10 30 so 
LIQUID LIMIT 

MATERIAL DESCRIPTION 
Brown Poorly Graded Sand with Clay 

MHlOH 
70 --90 110 

NM%I LL PI 
ILl 31 11 

II Client SRNS I MACTEC ENGINEERING • Tes1ed By: EH Reviewed By: JW 

Project ~altstone yaults 3 & 5 AND -:;r0 
,-!I'iJ' /O,! 

Pr~ct No. 6155-08-0031.06 I Lab No. 9476 CONSULTING, INC. 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

. , • , • '" • --"- '"' . 100 I , r-- 0 r---
" 90 

\ 
10 

80 20 

." 
~ 70 30 ~ 

"' () 

~ 60 
m z 

40-< >- () '" 'i? '" ~ 50 50 ~ u: m 
e- ;0 

60 ~ rEi 40 
. ~ U 

" '" m ~ 30 

\ 
70 G5 

I 
-< 

20 

"- 80 

r--10 90 

0 100 500 100 10 1 0.1 0.01 0.001 
GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.8 5.3 57.2 27.2 9.5 

SOURCE SAMPLE # DEPTHlELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-BO l S1'2 30-32 ft 417109 SW-SC Reddish Brown Well- raded Sand with Clay 11.9 38 20 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 
AND Specific Gravity = 2.68 

3"uJ 
Proiect No. 6155-08-003 1.06 I Lab No. 9477 CONSULTING, INC. S-/(8119'1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

37.15 60 

;' 
, 

Dashed line indicates the approximate / V • 
upper limit boundary for natural SOiIS/ 

I 
50 -

37.07 / ~o/ I 

40 I- / 'P 
~ 36.99 " / I V w 

0 I >- ,,; I z 
~ 30 I 0 r-" "' " / / " I w 
'" >-

~ 36.91 :s I 
~ I 

20 -

0 - / 1/ ·W ¢ 

36.83 / 
• II I V 

7 - j / / ;r;I/cl'!l,!ii/ MLT oL MHT OH 

36.755 

4 / : 

10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # OEPTHIElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• :UV3V5-BOI ST2 30-32 ft 4n/09 sw-se Reddish Brown Well-graded Sand with Clay 11.9 38 18 

Client SRNS MACTEC ENGINEERING • Tested By: Ell Reviewed By: JW 

Project Sallstone Vaults 3 & 5 AND 
3 --.) s-/r 'I? (0/ Project No. 6155-08-003\.06 I Lab No. 9477 CONSULTING, INC. 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES u.s. STANDARD SIEVE NUMBERS HYDROMETER 

, ,., • , 
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--........ 
, 0 

90 10 
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80 20 
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~ 70 30 gj 
to " ~ 60 
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& 30 70 ~ 
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20 80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % $AND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 1.4 14.5 44.2 39.9 

SOURCE SAMPlE' OEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5·BOI STI 37-39 ft 4/8/09 SC Brown Cia e Sand 22. 1 53 21 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro'eet Saltstone Vaults 3 & 5 AND 
Pro"ect No. 6155-08-0031.06 l ab No. 9478 CONSULTING, INC. -:r-vJ .s-/1 Z/e 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

53.13 60 / 

Dashed line indicates the approximate L / V 
upper limit boundary for natural soils -t--t----iJ 

/ / 

53.01 • 50 - / / cpJY 
,.. >< 40 1- / / V 
z 52.89 ~ / II ~ ~ / 
z >- / • 

~ § 30~ /'--/¥-- 'v- --t''-+-- f-----I-- + -I 
i 52.77 ~ /1 

201- -

/ / );/ 
/ iJJ 

52.65 / / 

10- 1---+---~~+----1---+_--+_--+_--+_--~-1 
7 - II / V 
4 7,7/ /C~:M!iL:I" ML, OL MH ,OH 

/ I : I 
52.535 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 

• Z-V3V5-BOl ST3 37-39 ft 4/8/09 SC Brown Clayey Sand 22.1 53 32 

Client SRNS MACTEC ENGINEERING • Tested By' EH Revi,w,d By, lW 
Project Saltstone Vaults 3 & 5 AND 

Prolect No. 6155-08-0031.06 Lab No. 9478 CONSULTING, INC. -auJ s-/II~/"'? 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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~ 70 \ 
30 ~ 

S2 () 
m 

~60 z 
40 --0 

>- () 

'" ~ '" ~ 
~ 50 50 Vl 
0: 

m 

'" e-
60 ~ ~ 40 

U ~ '" ~ 30 70 Q 
I 
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500 '00 10 , 0' 0.01 0.001 

GRAIN SlZE IN MILLIMETERS 

% COBBLES 
% GRAVel % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 

1° 0_0 0.0 0.0 0.5 22.& 71.& 4.9 

SOURCE SAMPLE . DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 

° Z-V3V5-BOI ST4 50-52 ft 413/09 SP Brown Poorl Graded Sand 12.9 NV NP 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 AND ---:r-0 .s-(t ff/O'( 
Project No. 6155·08·003 1.06 Lab No. 9479 CONSULTING, INC. 

- -- -
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 

Dashed line Indicates the approximate / 

I 

/ / upper limit boundary for natural SOilS/ 

/ 
50 -

!r' / / 

/ P 40 -

/ 
I / 1li / 

II 0 
;; / 

1==30 / -
u 

/ / ;:: / "' :5 / a. / 
20 -

/ / bI / l' / 
10 - /I / V 7 

4 
- 77//~1-~ (jfl/ ML rOl MH ,OH 

/ I 
10 30 50 70 90 110 

LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5·BO I ST4 50·52 ft 413/09 SP Brown Poorly Graded Sand 12.9 NY NP 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Pro'ect Saltstone Vaults 3 & 5 AND 
-r/l8/or -:r0 

Pro'ect No. 6155-08-0031.06 I Lab No. 9479 CONSULTING, INC. 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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" ~ 70 30 ~ 

" 
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40" >- 1\ 
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1\ m 
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60 ~ ~ 40 
u 1\ ~ '" ~ 30 
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70Gl 

:'i 
20 ao 

10 
\ 

'-. 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLlMETERS 

% COBBLES 
% GRAVEL 0/0 SAND % FINE$ 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.7 47.0 46.5 5.8 

SOURCE SAMPLE Ii DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % I I Pl 
0 Z-V3V5-BO I ST5 55-57 ft 4/3/09 SP-SM Brown Poor( Graded Sand with Silt 16.0 NV NP 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Sallstone Vaults 3 & 5 AND JW s-(;8(tJ7 
PfOjectN_~6 1 55-08-0031.06 I Lab No. 9480 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 

Dashed line indicates the appro:x:imate / ;' 1/ upper limit boundary for natural SOiIS/ 
/ 

50 -

/ \~ / 

40 - / '7 
>< / V 
w / 

II 0 
;; / 

~ 30 / -
u 

/ 1/ ;= / '" :'i / 
"- / 

20 r- y / / 
/ 

/ J 10 
J1 I V 

7 - ////9~;'; '//// MLToL MH ,OH 4 
II : 

10 30 50 70 90 110 
LIQUID LIMIT 

SOURCE SAMPLE 11 OEPTHIElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• z..V3V5-BOI ST5 55-57 ft 413109 SP-SM Brown Poorlv Graded Sand with Silt \6.0 NV NP 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND :J0 ~/t 15('1' 
Project No. 6155-08-003 1.06 I lab No. 7480 CONSULTING, INC. 



K
-C

L
C

-Z
-0

0
0

1
3

, R
e

v
. 0

P
a

g
e

 1
1

3

B
-1
1
4

Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I 0 

90 

---
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I\, 
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\ 
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'" 0-
60 ~ aJ 40 

t) ~ a: 
70 Gil it'30 

I 
-< 

20 80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SilT CLAY 
0 0.0 0.0 2.1 2.9 4 .6 38.4 52.0 

SOURCE SAMPLE # OEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 ZN3V5-BO I ST7 78·80 ft 4122109 CL Tan Sand Lean Cia 30.6 36 23 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: lW 

Pro'eet Saltstone Vaults 3 & 5 AND -:r--v-l s II (!fIB,? 
CONSULTING, INC. Pro'ect No. 6155-08-0031.06 Lab No. 9482 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

41.7 1 I I I I I I 

403

1 I I I I I I I KIIII III IIIII I 
; 

3891 I I I I I I I I I \1 I III I 11111 1 
I ~ "' w 

i 
3751 I I I I I I I I I I KI IIIIIIII I 

~ 
z 

® f 

Dashed line indicates the approximate / 
upper limit boundary for natural soils 

/ 
501-

I ". 

/ ' 

401-
/ '1 

~ 30io 
!1/r I V 

" ~ 
/ 

201- / 
/ ~ 

1\ 

/ ' 

10[ / ~I . 
7 _ ,.L-+--'--1-t-+~~1_1 
4 -fLLfL!t2'i@ 

361 1 I I I I I I I I I I I IIX I I I I I I I 

34 7 ' I I I \ I I I I , , I 
. 5 10 20 25 30 40 

NUMBER OF BLOW S 
50 

LIQUID LIMIT 

MH r
OH MLor OL 

30 10 'To · 90 110 

o 
SOURCE 

Z-V3V5-BO I 
SAMPLE., IDEPTHIELEV'I DATE SAMPLED 

ST1 78-80 ft 4(22109 
uses 
CL 

MATERIAL DESCRIPTION 

Tan Sandy Lean Cia' 
NM%I LL PI 
30.6 36 13 

Client SRNS MACTEC ENGINEERING 10 Tested By: EH Reviewed By: JW 

Project Saltstone Vau lts 3 & 5 

Project No. 6L55-_08-0031 .0~ lab No. 9482 

AND --.s1lf :;-/12)) C) 

CONSULTING, INC. CJ ( 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCH ES U.S. STANDARD SIEVE NUMBERS HYDROMETER , ,., , • , ~ M ,~ 

100 , 0 

90 10 

60 20 

1"-'" " ~ 70 

\ 
30 'll 

Cl () 

W m z 
" 60 

40 -< 
>- " '" 11 
"' ~ 50 50 ~ 

\ , m u: ;0 
e-

60 ~ m 40 

\ u iii "' ~ 30 70 C5 
I 
-< 

20 80 

10 90 

0 100 
500 100 10 1 0.1 0.0 1 0.001 

GRAIN SIZE IN MlLUMETERS 

% GRAVEL % SAND % FINES 
% COBBLES 

COARSE FINE COARSE] MEDIUM FINE SILT CLAY 
0.0 26.5 20.3 1.5 1.8 31.2 18.7 

SOURCE SAMPLE # DEPTHIElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL Pl 
0 Z-V3V5-BOI ST8 81-83 ft 4122109 OM Tan Silty Gravel with Sand 23.1 42 30 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND ;:)---1 S-/IWtJ'! 
Project No. 6155-08-003 1.06 I Lab No. 9483 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

46.8 60 

Dashed line Indicates the approximate / 

/ 

i / V upper limit boundary for natural soils / 

/ 
50 I-

'<~~ 45.6 

/ 
II 

\ / 

/ '1 40 l-
V e- X / z 44.4 w / 

/ \ Q W 
~ / e-z 
~ 30 / 0 -u 

"' 
u 

/ '" " V w / e- "' ~ 43.2 :'i / 
1\ 0- / 

20 - ;y / / 
/ J/. 42.0 / 

1\ 10 
_ !l / V 7 

4 
7!;, - 11/ MLr OL MHT OH 

/ j 
40.85 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE ". DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % II PI 

• Z-V3V5-BOI STS SI-S3 ft 4f22109 GM Tan Silty Gravel with Sand 23. 1 42 12 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstont Vaults 3 & 5 AND 
Project No. 6155-08-0031.06 I Lab No. 9483 CONSULTING, INC. "::IW o;-/tglq 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

., , ~ '00 
100 I I -- I 0 

90 10 

80 1\ 20 
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1\ 
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'" Co 
60 '!! ~ 40 

U ~ 0: ::,,,, 70 G5 or 
-I 

20 80 

10 90 

0 100 
600 100 10 1 0.1 0.01 0.001 

GRAIN SlZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND %F[NES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0. 1 15.9 I 47.5 3.2 33.3 

SOURCE SAMPlE. DEPTHlElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PL 
0 Z-V3VS-B04 STi 20·22 ft 413/09 SC Reddish Brown Cia e Sand 21.3 42 23 

Client SRNS MACTEC ENGINEERING (l Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND 
:S-V s-/!811 

Project No. _ 6155-08-0031.06 1 Lab No. 9458 CONSULTING, INC. 
- -
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

42.83 60 I 

Dashed line indicates the approximate / / V • upper limit boundary for natural SOiIS/ 

/ 
50 -

,,~ 42.77 / / 
, 

40 If 
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~ :- / //1 V >-rE 42.71 

1/ >- z 
z 

~ 30 0 
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r- / / / 
0: 

U 
W ~ >-
~ 42.65 "-

20 

r- / ~O/ / ~ 

• / f I 
42.59 

10 
- /I / /' 7 

4 
711IcL'" I /f/ ML , OL MHT OH 

/ I : 
42.535 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTHfELEV: DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z~V3V5-B04 STI 20-22 ft 4/3/09 SC Reddish Brown CIa e Sand 21.3 42 19 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 AND -S<-<.J 
Pro"ect No. 6155 -08-003l.06 Lab No. 9458 CONSULTING, INC. s-!llJ/< 



K
-C

L
C

-Z
-0

0
0

1
3

, R
e

v
. 0

P
a

g
e

 1
1

9

B
-1
2
0

Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER , H" , .. '" ~ • .., 100 14 

100 I 

~ 
, 0 

90 10 

80 20 
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~ 70 30 ~ 
Q 0 
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~ 60 
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40 ~ 
>- 0 
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" ~ 

u: " , I-
60 ~ ffi 40 

1\ () ~ 
" " ~ 30 

1\ 
70 ~ 

I -
20 80 

0 "'- 90 

0 I 100 
sao 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.7 64.6 26.6 8.1 

SOURCE SAMPLE 11 DEPTHfELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B04 ST2 30-32 ft 3125109 SP-SC Brown Poor! Graded Sand with Cia 15" I 39 22 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 
Specific Gravity:= 2.67 

Pro"ect Saltstone Vaults 3 & 5 AND 
Pro"ect No. 6155-08-0031.06 lab No. 9459 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

39.26 60 

Dashed line indicates the approximate / / V upper limit boundary for natural soils / 
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50 -

39.18 

/ ~ / 

/ P 40 -
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I ,/ 
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1j 
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/ w ., / e-z 
~ 30 / 0 I-<.J 

a: ~ / / V w e- "' ~ 39.02 :5 / 
Q. / 

20 -

V / / 
/ 

38.94 / J 0 -
11 / 1/ 

7 - / / / /91' 'flI/' Ml rOl MH .OH 

4 / I 
38.865 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED USCS MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B04 ST2 30-32 ft 3125109 SP-SC Brown Poorl Graded Sand with Cia 15.1 39 17 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Pro'ect Saltstone Vaults 3 & 5 AND 
Pro'ect No. 6155·08·0031.06 lab No. 9459 CONSULTING, INC. 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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I~ 
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90 10 

80 20 

-u 
~ 70 30 ~ 
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W m z 
;: 60 40--< 
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"' ~ 0: 
~ 50 50 ~ 
u: m 

" I-
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" \ ~ 0: 

~ 30 70 Gl 
'" --< 

20 
'\ 

80 

0 "- 90 

0 100 
500 100 10 1 0_1 0.01 a.em 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
,0 0_0 0_0 0 _0 0.2 53 .5 38. 1 8_2 

SOURCE SAMPLE' OEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B04 STI 35-37 ft 4/3/09 SP-SM Brown Poorl Graded Sand with Silt 10.3 NV NP 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"eet Saltstone Vaults 3 & 5 AND 
Pro'eet No. 6155-08-0031.06 l ab No. 9460 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 ,f 

Dashed lirle indicates the approximate / / V 
upper limit boundary for natural SOiIS/ / 
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V
-,4--f---I 
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401- / 'j 

~30 - / /1 1/ 1/ 
! / / 1/ 

20 - / I ,W 
/ J 

10 ~ V 
: '7// - 1/// ML ,OL MH 1 'OH 

II : 
10 30 50 70 90 110 

UQUID LIMIT 

SOURCE SAMPLE # OEPTHlElEV. OATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 
• Z-V3V5-B04 SD 35-37 ft 4/3/09 SP-SM Brown Poorl Graded Sand with Silt 10.3 NV NP 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND 
V-t-J 

P' oiect No, 6155-08-0031.06 I l ab No, 9460 CONSULTING, INC. &=7I1!rirR , 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

.," , • '" • , M \00 I~O 
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g: 30 70 G 
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0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
0/0 GRAVEL 0/0 SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.0 0.3 57.5 6.6 35.6 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% II Pl 
0 ZN3V5-B04 ST4 50-52 ft 3/25/09 SM Tan Sil Sand 51.0 74 40 

. 

MACTEC ENGINEERING o Tested By: EH Reviewed By: JW Client SRNS 
Pro'ect Saltstone Vaults 3 & 5 AND 
Pro'ect No. 6155-08-0031.06 Lab No. 9461 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

79.0 60 

Dashed I'". '"dI",".' Ih. aPP".m". j / / 
\ upper limit boundary for natural SOilS/ / 
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201- };/ / / ~ 
71.8 / ;-' 

10 -
71-- / / 
4V71. 9k'l//// MLloL MHloH 

70·°5 10 20 25 30 40 10 30 ~ 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE' OEPTHlEl EV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 
• Z-V3V5-B04 ST4 50-52 ft 3125/09 SM Tan Silty Sand 51.0 74 34 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND 
Pro"eet No. 6155-08-0031.06 I Lab No. 9461 CONSULTING, INC. -.:>W S/I<tfVO( 

-- - --- -
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

• ., • 
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20 80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0. 1 L7 18.1 7.6 72.5 

SOURCE SAMPLE 11 DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B04 ST5 55-57 ft 3125/09 MH Yellowish Brown Elastic Silt with Sand 64.6 128 54 

I Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 
AND 

Pro"ect No. 6155-08-0031.06 lab No. 9462 CONSULTING, INC. :50 ~/I'6!o 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

134 . i i i f I 

1321 I I I I I I I I t\I I I" II I I I I I 

I '"I I 111 1 I 1 11 1 
a: 
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~ 128 1 I I I I I I I I I I I I N I I I I I I I 

126 1 I I I I I I I I I I I III I ~ I I I I I 

• 
I I 1 11 111 II 1245 10 20 25 30 40 

NUMBER OF BLOWS 

SOURCE SAMPLE" I DEPTHfELEV. 1 DATE SAMPLED uses 
Z~V3V5-B04 ST5 I 55-57 ft I 3125/09 MH 

l--3aShed line indicates the approximate / I I I I 
1101 opper limit boundary for natural soils 14 
901-

/ 1/ oV 

V 
/ 

~ 701-z / 
/ 1/ ;'0") 

c,V. 

~ lL 
u 
iii 
~ 50 1-

/ 
/1 / v 

v 
o.. 

wI- i -tl1L 

1~~¥bI IIIIIIMJor ~H IIIIII I 
10 30 50 70 90 110 130 150 170 190 

LIQUID LIMiT 

MATERIAL DESCRIPTION NM%I LL I Pi 
Yellowish Brown Elastic Silt with Sand 64.6 I 128 I 74 

• Tested By: EH Reviewed By: JW II Client SRNS I MACTEC ENGINEERING 
Project Saltstone Vaults 3 & 5 AND 

CONSULTING, INC. Project No. 6155-08-0031.06 I. Lab No. 9462 
~w :o.-/It"/<)"t 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES u.s. STANDARD SIEVE NUMBERS HYDROMETER 
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0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 

0 0.0 0.0 0.0 0.1 5.' 69.9 24.6 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PL 

0 Z-V3V5-B04 ST6 84·86 ft 3125109 SM Tan Siltv Sand 29.9 49 33 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstonc Vaults 3 & 5 AND 
Project No. 6155-08-003 1.06 I Lab No. 9463 CONSULTING, INC. -:rw r/frrlttt 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

, 
55 60 

Dashed line indicates the approximate I I I 

/ / upper limit boundary for natural soils / , 

'\ / 
50 -

~ 53 / 
I 

1\ / 

/ '7 -40 
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I ,/ 
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x 
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'\ CJ / w ;; / ... z 
~ 30 / 0 -" \ " / V a: t= / w ... "' ~ 49 :) / 
<l. / 

20 I-

b"': 1- / 
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47 / J I 10 

7 r- I I I 

'1/ 4 
jlli; ~ MLT Ol MH ,OH 

• V I : 
455 10 20 25 30 40 10 30 50 70 SO 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE 1t DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B04 ST6 84-86 ft 3(25109 SM Tan Silty Sand 29.9 49 16 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Sallstone Vaults 3 & 5 AND -:>uJ 
Project No. 6155-08-0031.06 I Lab No. 9463 CONSULTING, INC. ~-I('6I#1 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s, SIEVE O?ENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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0 I 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.2 22.6 56.8 12.8 7.6 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B04 Bao 1 0-5 ft 3/18/09 SM Brown Sil Sand 8.6 NV NP 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro"ect Saltstone Vaults 3 & 5 
AND 

.j LJ s-!tfr Ie? 
Pro'ect No. 6155-08-0031.06 Lab No. 9467 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

w.-----------------.-~rr_r--r__v_, 

• 
SOURCE 

Z-V3V5-B04 
SAMPLE' 100PTH/ELEV'1 DATE SAMPLED 
~l 0-5 ft 3/18109 

uses 
SM 

Dashed line indicates the approximate / 
upper limit boundary for natural solis -f-i--il 

/ 
501-

/ 
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401-
t;) / 

/ 
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/ 
/ 
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" <; 

~ 30 '-u 
iii 
~ / / v 

20.- 11/1 .;Y 
/ v"'" / 7 

10 -

7 A n+" ,J,.,..,-ri( . 
~ :; Ml1'OL 4 -

10 30 50 
UQUIDUMIT 

MATERiAl DESCRIPTION 

Brown Silty Sand 

70 

MHJOH 
I 

90 

NM% I LL 
8.6 NV 

Client SRNS MACTEC ENGINEERING 
AND 

CONSULTING, INC. 

• Tested By: EH Reviewed By: JW 

P!:QLect Sallstone Vaults 3 & 5 

.:rW "'-/I!5/ d( 
PrQiect No. 6155-08-0031.06 I Lab No. 9467 

I 
11 0 

PI 
NP 
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B-132

140 

130 

120 

'0 110 c. 

.~ 
0 
~ 

" '" 100 " 

90 

80 

COMPACTION TEST REPORT 

Project No.: 6 ISS·0S"'()031.06 

Project: Saltstone Vaults 3 & 5 

Location: Z-V3VS-B04 

ElevJOepth: 0-5 ft Sample No. Bag 1 

Remarks: Tested By: EH Reviewed By: JW -:::( W >/18'1 Of 
MATERIAL DESCRIPTION 

Description : Brown Silty Sand 

uses: 8M 

Sp.G.= 

AASHTO: Classifications -

Nat. Moist = 8.6 % 

Liquid limit = NV 

% > 3/4 in. = 0.0 % 

Plasticity Index = NP 

% < No.200 = 20.4 % 

TEST RESULTS 

Maximum dry density - 128.1 per 

Optimum moisrure = 7.6 % 

I Test specification: 
ASTM D1557-07 

\. 

l\' 

Date: 3/20/09 

100% SATURATION CURVES 
FOR SPEC. GRAV. EQUAL TO: 

2.8 
2.7 
2.6 

r---
"-
, , 

i'-

5 10 15 20 25 30 35 
Water content. % 

~ 
, !,-

40 

Lab 9467 '-____________ IMACTEC Engineeri ng and Consulting, Inc. ____________ ---' 
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B-133

MOISTURE DENSITY TEST DATA 

Client: SRNS 
Project: Salts tone Vaults 3 & 5 
Project Number: 6155 - 08-0031 . 06 

Source: Z- V3V5 - B04 
Sample No.: Bag 1 

Sand 

Specimen Data 

Sample Length(in./cm . ): 9467 Elev. or Depth: 0 - 5 ft 
Location: Z-V3VS - B04 
Description: Brown Silty 
Liquid Limit: NV 
Date: 3/20/09 

Plasticity Index: NP 
USCS Classification : 8M 

By: EH Reviewed By : JW 
in. sieve: 0 . 0 

Natural Moisture: 8 . 6 
AASHTO Classification: 

Testing Remarks: Tested 
Percent retained on 3/4 
Percent passing No. 200 sieve: 20 . 4 Specific gravity: 

Type of test : ASTM D1557-07 

13 9 \ ZAV SpG 

\ 2.65 

'\ 
134 

9 

/" '\. ""-
12 

/ '\. 
124 

"9 

"4 

Test Data And Results 

POINT NO. 1 
WM+ WS 4133 . 6 
WM 2053 . 3 
WW+T 615.40 
WO+T 566.20 
TARE 8 . 30 
MOIST 8 . 8 

MOISTURE 8 . 8 
DRY DEN 126 . 7 

2 
4127 . 1 
2053 . 3 
624.90 
565 . 80 
8 . 30 
1 0 .6 

10 . 6 
124 . 3 

3 
4089 . 6 
2053.3 
562 . 80 
528 . 70 
8 . 20 
6.6 

6 . 6 
1 26 . 7 

4 
3926 . 9 
2053 . 3 
566 . 70 
543.60 
8 . 20 
4.3 

4 . 3 
119.1 

5 
4128 .3 
2053 . 3 
530 . 50 
494 . 50 
8.20 
7 .4 

7 . 4 
128 . 1 

2 6 10 14 Max dry den= 128 . 1 pcf Opt moisture= 7 . 6 % 

===================== MACTEC Engineering and Consulting , Inc. 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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'" l-
60 ~ ffi 40 

" " ~ "' ~ 30 70 ~ 
-< 
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a 90 

a 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT ClAY 
0 0.0 0.0 0.0 0.5 22.0 44.6 15.4 17.5 

SOURCE SAMPLE "# DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B04 Ba0 2 5·10 ft 3/18/09 SC Reddish Brown Cia e Sand 13.9 38 19 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewd By: JW 

Pro'ect Saltstone Vaults 3 & 5 AND -;:)w 

Pro"ect No. 6155-08-0031.06 Lab No. 9468 CONSULTING, INC. "//~(of 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

I 
38.64 60 I 

Dashed line indicates the approximate / I V . 
upper limit boundary for natural SOilS/ 

I 
50 -. 1/1 ,W 38.60 

40 'f 
~ 38.56 

1;] 
I- / /' 

V 
w " / t- ;;: 
z 

~30 0 

I- 1/ 1 / " '" " w 5i t-
~ 38.52 :'i 

Q. 

20 -1/ ;v I 

38.48 
10 -

7 _ I I / V 
4 j /; 'I, .:ftJ'Ill/ ML ,OL MH rOH 

j : 
38.445 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF SLOWS LIQUID LIMIT 

SOURCE SAMPLE' OEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B04 Ba 2 5-10 ft 3118109 SC Reddish Brown Cia e Sand 13.9 38 19 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reivewed By: JW 

Pro·eet Saltstone Vaults 3 & 5 AND -:s-w S-/lCi!fJ7 
Pro"eet No. 6155-08-0031.06 Lab No. 9468 CONSULTING, INC. 

- _ . -
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B-136

140 
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-u 110 c. 
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'" 100 Cl 

90 

80 

70 

COMPACTION TEST REPORT 

Project No. : 6155-08-0031.06 

Project: Saltstone Vaults 3 & 5 

Location: Z-V3VS-B04 

Elev./Depth: 5-10 ft 
Remarks: Tested By: EH Reviewed By: JW 

Sample No. Bag 2 

:5w s-r rr./i!:I1 
MATERIAL DESCRIPTION 

Description: Reddish Brown Clayey Sand 

uses: sc 
Sp.G.= 

AASHTO: Classifications -

Nat. Moist. = 13.9 % 

liquid Limit = 38 

% > 3/4 In. = 0.0 % 

Plasticity Index = 19 

% < No.20D = 32.9 % 

Maximum dry density "" 128,0 pef 
Optimum moisture = 9.7 % 

TEST RESULTS 

Test specification: 
ASTMD1557-07 

Date: 3n O/09 

'r-, 100% SATURATI ON CURVES 
FOR SPEC. GRAV. EQUAL TO: 

"- 2.8 
2.7 
2.6 , 

r---1'-

).. 
I 

:-r-.. 
I 

o 5 10 15 20 25 30 35 
Water content, % 

:--

40 

Lab 9468 
'-____________ MACTEC Engineering and Consulting. Inc. ____________ ---' 
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B-137

MOISTURE DENSITY TEST DATA 

Client : SRNS 
Project : Sa1tstone Vaults 3 & 5 
Project Number : 6155-08-0031. 06 

Source: Z- V3V5 -B 0 4 
Sample No .: Bag 2 

Specimen Data 

Sample Length(in ./cm.): 9468 

Brown Clayey Sand 

Elev. or Depth : 5- 10 ft 
Location : Z- V3V5-B04 
Description : Reddish 
Liquid Limit: 38 
Date : 3/20109 

Plasticity Inde x: 19 
uses Classification: SC 

By : EH Reviewed By : JW 
in. sieve: 0 . 0 

Natural Moisture: 13 . 9 
AASHTO Classifi cation : 

Testing 
Percent 
Percent 

Remarks: Tested 
retained on 3 / 4 
passing No . 200 sieve: 32 . 9 Specific gravity: 

Type of test: ASTM D1557-07 

138 

\ ZAV SpG 
2.65 

3 

1,\ 
8 

I ""\ ~ 
\ I"" 

"" 

13 

12 

123 

118 

11 3 

Test Data And Results 

POINT NO. 1 
>OM + WS 4065 . 3 
>OM 2053 . 2 
WW+T 38 5 . 70 
WD+T 357 . 00 
TARE 8 . 30 
MOIST 8 . 2 

MOISTURE8 . 2 
DRY DEN 123 . 2 

2 
41 59 . 4 
2053 . 2 
54 1. 50 
489 . 40 
8 . 30 
10 . 8 

10 . 8 
126 . 0 

3 
4078 . 8 
2053.2 
648 . 50 
575 . 40 
8.10 
1 2 . 9 

1 2 . 9 
118 . 9 

4 
4172 . 7 
2053 . 2 
527 . 60 
48 1. 20 
8 . 30 
9 . 8 

9 . 8 
127 . 9 

5 
3985 . 4 
2053 . 2 
535 . 70 
4 97 . 60 
8 . 30 
7 . 8 

7 . 8 
118 . 8 

5 9 13 17 
Max dry den= 128 . 0 pef Opt moisture= 9 . 7 % 

===================== MACTEC Engineering and Consulting , Inc. 

6 
41 38 . 6 
2053 . 2 
518 . 80 
476 . 90 
8 . 20 
8 . 9 

8 . 9 
12o:-~ 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES u.S. STANDARD SIEVE NUMBERS HYDROMETER 

, . '" • M '00 
100 , , 0 

90 10 

[\ 
80 1\ 

20 

, 
~ 70 

1\ 
30 ~ 

'" 
c 

W " 2 
;: 60 

\ 
40 -

>- c 
"' § 
"' ~ 50 50 ~ 
u: 1\ " , 
e-

60 ~ ~ 40 

\ '-' • • 
"' " ~ 30 70 G , 

-
20 80 

0 90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0.0 0.0 0.0 0.2 17.2 57.7 3.1 21.8 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED USCS MATERIAl DESCRIPTION NM% LL PL 
0 Z·V3V5·BOI IB04 Com osite 0·10 ft 4/8/09 SC Brown Cia e Sand 27 17 

Client SRNS MACTEC ENGINEERING o Tested By : EH Reviewed By: JW 
Specific Gravity - 2.70 

Pro·ect Salts tone Vaults 3 & 5 AND -::s-L0 stff/op 
Pro·ect No. 6155-08-0031.06 Lab No. Com osite CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 28.02 

D"h,d1;" ;,d;"I" Ih"pprn,;m,l, / I V 
upper limit boundary for natural soils / / 

• 501- 1/ )pI 
27.88 

/ I ./ I cy 
,, 401- / ;' V 

~ 27.74 i'l I 
<; I ~301- I II .... z 

0 
Q 

'" ~ / / V w .... 
~ 27.60 

20 

I- / 1/ 
+ 27.46 

10 - . 
7 / / • - / /jlClWJiII 
4 MLlOl MHTOH 

V : 
27.32

5 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED USCS MATERIAL DESCRIPTION NM% Ll PI 

• Z-V3V5-BOllB04 Com site 0- 10 ft 4/8/09 SC Brown Cia e Sand 27 10 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Pro·eet Saltstone Vaults 3 & 5 AND "3"...J s/trr/O'f 
Proieet No. 6155-08-0031.06 Lab No. Comoosite CONSULTING, INC. 
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140 

130 

120 
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" 2:- 100 0 

90 

80 

COMPACTION TEST REPORT 

Project No. : 6155-08-0031.06 

Project: Saltstone Vaulls 3 & 5 

Location: z..V3V5·BOIIB04 (946519466/9467/9468) 

Elev./Depth: 0-10 ft Sample No. Composite 

Remarks : Tested By :CS Reviewed by: JW ~W S-/It'(ur 

MATERIAL DESCRIPTION 

Description: Brown Clayey Sand 

uses: sc 
Sp.G.= 

AASHTO: Classifications -

Nat. Moist = 
Liquid Limit = 27 

% > 314 in. = 0.0% 

Plasticity Index = 10 

% < No.200 = 24.9 % 

Maximum dry density - 126.8 pef 

Optimum moisture - 8.9 % 

TEST RESULTS 

Test specification: 
ASTM D1557·07 

Date: 4/8/09 

100% SATURATION CURVES 
FOR SPEC. GRAV. EQUAL TO: 

2.8 
2.7 
2.6 

1-

5 10 15 20 25 30 35 
Water content, % 

40 

Lab Composite 
'-____________ MACTEC Engineering and Consulting, Inc.- ________ .....:.~.....:.~ 
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MOISTURE DENSITY TEST DATA 

Client: SRNS 
Project: Saltstone Vaults 3 & 5 
Project Number : 6155 - 08-0031 .06 

Source: Z- V3V5 -801 /80 4 
Sample No.: Composite 

Specimen Data 

Elev. or Depth: 0 - 10 ft Sample Length(in ./cm . ): 
Location : Z- V3V5 - 801/804 (9465/9466/9467/9468) 
Description: Brown Clayey Sand 
Liquid Limit: 27 Pl.asticity Index: 10 Natural. Moisture: 
Date: 4 /8/09 USCS Classification : SC AASHTO Classification : 
Tes tinq Remarks: Tested By : CS Reviewed by : JW 
Percent retained on 3/4 in. sieve: 0 . 0 
Percent passing No . 200 sieve: 24.9 Specific gravity: 

Type of test: ASTM D1557-07 

12 9 

\ ZAV SpG 
2.65 

7 

V"\ \ 
12 

5 

\ \ 3 

\ 
1 

4 

" 
12 

12 

". ~ 

Test Data And Resul.ts 

POINT NO. 1 
WM+ WS 4138. 1 
WM 2052 . 9 
WW+T 653 . 80 
WD+T 600.50 
TARE 8. 20 
MOIST 9 . 0 

MOISTURE 9 . 0 
DRY DEN 126 . 8 

2 
4122 . 3 
2052 . 9 
649 . 20 
584 . 30 
8 . 40 
11 . 3 

11 . 3 
123.3 

3 
40 09 . 0 
2052 . 9 
580.80 
544.20 
8 . 30 
6 . 8 

6 . 8 
121. 4 

4 
41 00.7 
2052 . 9 
564 . 60 
523. 50 
8 . 40 
8.0 

8 . 0 
125 . 7 

4 6 12 ,. 
Max dry den= 126 . 8 pef Opt moisture= 8 . 9 % 

===================== MACTEC Engineering and Consulting, Inc. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 72.8 

Dashed line indicates the approximate / 

I 
I II I ~ 

upper limit boundary for natural SOilS/ 

I 

SO l- / / b" 71.2 

1\ '7 
40 1-- / ;/ 

1\ 1/ 
~ 69.6 g I I) >- Z I 
Z 

~301- I 0 

" \ " ~ / / II w 
>-
~ 68.0 

201-- Y 
/ I ~ 

66.4 

// , f-
lO - 11 / V 
7 1-7///~~;~1//// ML r L MH rOH 

4V 1 : 1 
64.85 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE' DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% II PI 

• Z-V3V5-B02 SSIA 10-11 ft 418/09 Brown Silt isual 30.8 68 34 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Pro"ect Saitstone Vaults 3 & 5 AND --SCO 
Pro"ect No. 6155-08-0031.06 I Lab No. 9484 CONSULTING, INC. is (18/1f)'7 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

45.1 ~ / 

D"he";" ;cd;,,'" th"pp,,,;m," / / II 
upper limit boundary for natural SOilS/ / I 

• W~ »I 43.9 
\ / ' ~ / ' 

/ 'j 
1\ 4D~ / ' 1/ >-

~ / II z 42.7 

1\ w 
>- z ! 
z 

~301- ! a 
u 

'" ~ / / V w 
>-
~ 41.5 

1\ 
2D - / ! ~ 

1\ / 'j' 
40.3 

. 

10 - J1 I V 
71- / / //9l;r!t//// MLyOL MH1'0H 

39"5 
4V 1 : 

10 20 25 30 4D 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SSIB 11-12 ft 4/8/09 Reddish Brown Sandy Clay Nisual 17.6 42 21 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND :5...0 

Pro'ect No. 6155-08-0031.06 1 Lab No~ 9485 CONSULTING, INC. S(I${<7j 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 44.3 

Dashed line indicates the approximate / / II upper limit boundary for natural soils / 

/ 

43.1 501- I / ~o/ 1\ <j 
40 - I 

/ 
I V 

!z 41.9 
[:J 
Cl / 

\1 w ,,; / >-z 
~ 30 / 0 u 

1\ 
l-

I '" 
u 

II w <= / >- "' ~ 40.7 

1\ 
~ / 
"- / 

20 I-

oW I / 
/ 

39.5 / :; 
10 -

7 I 
/ V 

,/, ,~M 1//// ML ,OL MH ,OH 
41/ : 

38.35 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV, DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3VS-B02 SS5 18-20 ft 4/8/09 Reddish Brown CLa e Sand Visual 16.4 40 18 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND --;:)0 

Proiect No. 6155-08-003 1.06 I Lab No. 9489 CONSULTING, INC. .s-(I 'YI«'( 
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Particle Size Distribution Report (ASTM 0422-63 ,.,nn"7\\ 
u.s. SIEVE OPENING IN INCHES u.s. STANDARD SIEVE NUMBERS HYDROMETER 

1001 '111
1
1 I j 'i

l
" I I ~ If ~ I I I I: I I K I ~ I r 1"1 I ~ I 'nIl n III I I IIIIIII I I In 

1'111 I I I I 11111 I I I I 140 ' I 11'111 I I I 111111 I I I , " !.I I I I 111111 I I , • i 
>- < : , '" " .. I~ I 

. 40 I II I U 1\ 
I I III I I I II I I I I I II II I I \ 30~ I I III I 

a 
51 

% COBBLES 

..JML 

)URCE 
z-V1 V 'V'''' 

, 
GRAIN SIZE IN MIL 

% SAND 

I~ 

FINE I COARSE I MEDIUM I FINE 
nA L.,,, 28.7 

DATE uses 
~ 

---

1 Brown 26·32 ft I 4/3/09 

0: 

% FINES ,-

d Sand with Clay 

_100 
0.001 

CLAY 

INM%I LL PL 
10.0 33 18 

I 
Client SRNS MACTEC ENGINEERING 0 ~~:!t~~~i;,r;bNO 
Pro"eet Saltstone Vaults 3 & 5 AND 

j By: JW 
- . and 9495 

-:5~ 
.!r/I ... ,,"" :t No. 61 ...... ·, 1.06 I Lab No. QJU'l':t lOA fa' ~III.TING. INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 I 

Dashed line indicates the approximate / / V . upper limit bOUn~ary for natural SOilS/ , 
/ 

50 

f- / / r 
" 

40 '1 
t:i / / / 

V 
" II :;; 

~ 30 u 

/ / / ~ 
a. 

20 - / / ;y 
10 

/ f 
- I I I 7 

4 
I I I 19~:"f1 fb" ML, OL MH ,OH 

/ I : 
, 

10 30 50 70 90 110 
LIQUID LIMIT 

SOURCE SAMPLE # DEPTHlELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SS12 32-34 ft 4/8/09 Yellowish Brown Sand Visual 12.0 NV NP 

CHent SRNS MACTEC ENGINEERING • Tested By :EH Reviewed By :JW 

Project Saltstone Vaults 3 & 5 AND --;;)w 

Project No. 6155-08-0031.06 I Lab No. 9496 CONSULTING, INC. J(i~/o[ 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

93 60 / 

Dashed line Indicates the approximate / I V 
upper limit boundary for natural soils / / • 

91 \ 50 - / _'0/ 
/ 0;/ 

I Cf/ 
\ 'O r f--~L-/r-~~/~~--1-~ 

.... 1;) I 1 / 

~ 89 1\ ~ II / 

8 ~30 - f---~/~_~--~_--~~---+--~---i 

ffi \ ~ I I V i 87 ~ /1 

20 - / "'/ -t--+--+-+---t----t-i 
1\ I <7 

I "v 
85 I 7 

10 - ~t--/~~/~-r--i-~---r--t--+--~--I 

: /7/~, ' '1/// ML r OL MH ,OH 

835 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID lI~lIT 

SOURCE SAMPLE I; DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 
• Z·V3V5· B02 8815 45-47 it 4/8/09 Yellowish Brown Cia Visual 46.3 87 55 

Client SRNS MACTEC ENGINEERING' Tes1ed By, EH R.view.dBy, JW 

Project Salts.o". Vaults 3 & 5 AND -:5uJ 

P'o·ect No. 6155-08-0031.06 I Lab No. 9499 CONSULTING, INC. :rtf i/tiJ9' 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

W I 

Dashed line indicates the approximate / / / 
upper limit boundary for natural soils / / 

w~ ~++-~~/ -+~ 

/
/$ 

/ 'Y 
x 40~ I / 

w / / L- / / 
! / / / 

20- / / b" 
/ i 

10- I I V 
7- I 
4 /1//9k~r;/j/ ML ,OL MH1'OH 

/ : 
10 30 50 70 90 110 

LIQUID LtMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED uses MATERiAl DESCRIPTION NM % Ll PI 
• Z-V3V5-802 S8 18 60-62 ft 4/8/09 Brown Sand Visual 20.7 NV NP 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: lW 

Project Saltstone Vaults 3 & 5 AN D ::50 

Project No. 6155-08-0031.06 I Lab No. 9502 CONSULTING, INC. :>/fi'(tJ't 



K
-C

L
C

-Z
-0

0
0

1
3

, R
e

v
. 0

P
a

g
e

 1
4

8

B
-1
4
9

LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 67.4 

Dashed line indicates the approximate Il / 

/ V 1"1 
upper limit boundary for natural soils / 

/ 
50 -

_~o/ 66.2 

/ 
, 

1\ / 

/ • 'Y I-40 

/ V / 

ffi 65.0 
~ 

1\ '" 
/ 

II ... '" / z 
~ 30 / 0 l-t) 

'" 1\ ~ / V w / ... "' ~ 63.8 :s / 
0- / 

20 I-
1r / / 

/ 
62.6 / J 10 1-;1 

7 f- II/, ( L/II/ 4 MLT oL MH ,OH 

II 1 : 
61.45 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTHJELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SS2 1A 75-76ft 418109 Brown Sand Cia Visual 33.7 63 43 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND -;]"0 

Pro"eet No. 6155-08-003 1.06 I Lab No. 9505 CONSULTING, INC. s-!/j{0'1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

42.3 60 I 

Dashed line indicates the approximate / I II upper limit boundary for natural SOiIS/ 

I 
.\ 50 I-

~Y' 41.1 

I 
, 

1\ 
/ 

, 

/ P \ I-40 

/ 
I V ~ 39.9 til I 

\ " / 0- • ;; I z 
i:: 30 I 0 

() -

0: \ 
() 

/ V w i= I 0- "' ~ 38.7 :5 I 

1\ 
"- / 

20 - -

11/ b'" 
37.5 J 

1\ 10 
II I V 

• 7 - II I 19k.;I//// 
4 

/ 1 : 1 
MLToL MHlOH 

36.35 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SS21B 76-77 ft 4/8/09 Gre ish Brown Sil Sand Visual 31.1 38 13 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND ::fu.) 

Project No. 6155-08-0031.06 1 Lab No. 9506 CONSULTING, INC. :S-/I :7/0'1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

® / 
Dashed line indicates the approximate / / ; I 
upper limit boundary for natural SOilS/ /' V 

50- f-~~-r--+--A--~~ 

/ / o,r 
/ <} 

~ 40- / // V 

~ 30 / / 

~ / / V 
20- / / ;r 

/ :t' 
'~ - II / V 
4 / /, - I/j/ ML ~rOL MH rOH 

V : I 
10 30 50 70 90 110 

LIQUID LIMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 
• Z-V3V5-B02 S825 95-97 ft 4/8/09 Tan Sil Sand with Gravel Visual 33.0 NV NP 

Client SRNS MACTEC ENGINEERING· TestedBy:EH R,view,d By: lW 

Prolect S,I,,(o"' V,ul" 3 & 5 AN D -;;3 c..J 

Prolect No. 6155·08·003 1.06 I Lab No. 9510 CONSULTING, INC. :>/('tf/€>'{ 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

., 
"' '" 

, ~ '" 100 \ 
a 

10 90 
"-

80 20 

~ " ~ 70 30 ~ 

" " 
~ 60 

i'" 
m z 

"-
40 -< 

>- " <0 

'" ~; 
'" ~ 50 50 ~ 
u: m 

'\ :0 
e-

60 ~ @ 40 

\ " ~ '" ~ 30 70 C5 
I 
-< 

20 80 

a 90 

a 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MilLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 11.0 7.3 4.1 15.4 38.5 23.7 

SOURCE SAMPLE # DEPTHJELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5-B02 SS26f27 100- 107 ft 4/3/09 SM Tall Sil Sand with Gravel 25.9 45 28 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Pro'ect Saltstone Vaults 3 & 5 AND -:5w 
I Pro"ect No. 6155-08-0031.06 Lab No. 9511195 12 CONSULTING, INC. j-/I~/t) 
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Particle Size Distribution Report (ASTM 0422-63 (2007)) 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

,., , '" 100 I -....., 0 

90 10 

80 20 

" ~ 70 

" 
30 !ll 

Cl 
() 

W 
m z 

~60 1\ 
40 -I 

>- () 

<D ~ 
'" ~ 50 \ 

50 ~ 
m 

~ '" >-
60 ~ t5 40 

" U ~ '" ~ 30 70 15 
I 
-I 

20 80 

10 90 

0 100 
SOO 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEl % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 

0.0 0.0 0.0 1.2 I 32.7 I 43 .3 22.8 

SOURCE SAMPLE . DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % Ll PL 
0 Z-V3V5-B02 5529130 11 5-122 ft 4/3/09 SC Dark Ore Cia e Sand 22.0 48 2 1 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND -:><0 
s;-/t '6(';;'7 

Project No. 6155-08-003 1.06 I Lab No. 95 14194 15 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

52.5 60 / 

Dashed line indicates the approximate / I V upper limit boundary for natural SOiIS/ 
I 

\ 50 I- ,W 51.1 
\ I 

/ 

I 

/ 'P \ 40 -

/ 
/ V ~ 49.7 1:i 

" I 

/ w 

1\ z I r-z 
~ 30 I " u -

'" ~ / ·V I w \ I r- "' ~ 48.3 S I a. I 
20 -

11/ 17 
46.9 J 

1\ 10 
I / V 7 - II, 9i4~1/11/ 

4 ML rOl MHT OH 

I : 1 
45.55 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # OEPTHfElEV, DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SS29/30 11 5-122 ft 4/3/09 SC Dark Grey Clayey Sand 22.0 48 27 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND d'-<J 
Pro'ect No. 6155-08-003 1.06 I Lab No. 9414/9415 CONSULTING, INC. -S-(I 'j> /"1' 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 

Dashed line indicates the approximate / 

/ 

/ / upper limit boundary for natural soils / , 
/ 

50 t- r / 
/ 

/ 

/ '1 40 -

/ 
/ / 1:) / 0 / ;;; / 

~ 30 - / 

" / V " / "' :5 / 
"- / 

20 -

j / ;y 
10 7 

- 11 I V 
7 
- ////9\~Y'I// 

4 ML rOL MHT OH 

II I 
10 30 50 70 90 11( 

LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B02 SS33 135-137 ft 4/8/09 Grey Silty Sand Visual 21.3 NV NP 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND '-:ru..:; 
Pro"ect No. 6155-08-003 1.06 I Lab No. 9518 CONSULTING, INC. >11&/0'7 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 
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0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SILT CLAY 
0 0.0 0.0 0.0 0.3 I 22.9 45.4 1.8 29.6 

SOURCE SAMPLE tI DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PL 
0 Z-V3V5-B03 SSII2I3 10-1 6 ft 413/09 SC Red Cia rev Sand 19.3 53 26 

Client SRNS MACTEC ENGINEERING o Tested by: EH Reviewed By: JW 

Project Sallstone Vaults 3 & 5 AND -::>w 
Project No. 6155-08-0031 .06 I Lab No. 9522123124 CONSULTING, INC. ~(($)of 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 In£:\ 

54.63 1 I I i I i 

54491 I I I I I I I I I 1°1 II I I I I I I I I 

0-

~ 54.35 

ffi I I I I I III I I I I I I I 
~ I !:54.21 I I 111 111111 1111 

540d I I I I I I I I I I I 111111111 

I I II II!! II 
53.935 10 20 25 30 40 

NUMBER OF BLOWS 

1;'j 
o ., 

• 1 

Dashed lirle ir'ldicates the approximate / 
upper limit boundary for natural soils -1-4---,1 

I 
soI-

I 
I 

401- /-- If:-, "-+---1, 

1/ / 
~ 30i-u 

/ / 1 ;I ~ 
"-

201-

~ 
~ 

10 - 7 / 1/ 
7 --
4 a*oc MHorOH 

"10 30 so- 70 
LIQUID LIMIT 

90 110 

uses I NM % I----'=!:.. PI 

..2l 

Client SRNS MACTEC ENGINEERING 1° T""d By: dBy: JW 

Proiect Saltstone Vaulls 3 & 5 AND 

:t No. 6155-08-0031.06 I Lab No. 9522fl3f24 CONSULTING, INC. 
--;si.J 

•• 1 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60.1 1 I i j I i I I I 

5631 I I I I I I I I 'I I I II I I I I I I I I 
1\ 

~ 56.51 I I I 1\. III I I I I II I 

8 
'" w 1\ 
!< I ;: 54.7 I I I I I N I I I I I II I 

T\ 

5291 I I I I I I I I I I I III 1\1 I I I I I 

I I I II I !! II 
51 .15 10 20 25 30 40 

NUMBER OF BLOWS 

M I 

Dashed line indicates the approximate / 
upper limit boundary for natural soils -I---1-~1 

! 
sol-

~ I 

! d: 
! '7 

~ ! 
" ! / ~ ! • 
(J 30 -

~ 
"-

20 

~ 

'lA/4r~Wjlr MLlDL MHlOH 
10 30 50 70 

lIQUIO LIMIT 
9Q 110 

• 
SOURCE 

Z-V3V5-B03 
SAMPLE# IOEPTHlELEV,! DATE SAMPLED 

SS2 12-14 ft 413/09 
uses MATERIAL DESCRIPTION 

Red Sandy Clay (Visual 
NM%I L1. PI 
20.7 54 32 

IIClient SRNS I MACTEC ENGINEERING 
I P roiect Saltstone Vaults 3 & 5 AND 

Proiect No. 6155-08-003 1.06 I Lab No. 9523 CONSULTING, INC. 

• Tested By: EH Reviewed By: JW 

d W 
s/I8"!v9 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 40.8 
i/ Dashed line Indicates the approximate / / \ 

upper limit boundary for natural sons/ 
I 

50 -

l/ 39.6 / I 

/ 'P \ 40 -

I 
I 1/ 

~ 38.4 ~ I 

1\ 
0 .1 w ;;; I .... z 
~ 30 I 0 

" -

" / V "' i= I w 
\ 5 .... 

~ 37.2 I .. I 
20 l-

I / )y' 
36.0 f 10 I- / / 

7 
f- /;':;9l-~Y' /,/ 

4 MLT oL MH , OH 

V : 
34.85 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LlaUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATeRIAL DESCRIPTION NM % LL p, 
• Z-V3VS-803 SS5 18-20 ft 4/ 10/09 Yellowish Brown CIa e Sand isual 19. 1 37 15 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND ---s <-.J 
Project No. 6155-08-003 1.06 1 Lab No. 9526 CONSULTING, INC. s/I f/"'J 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

, '" ~ 

100 

" 
, 0 

90 10 

80 20 

" ~ 70 3O!ll 
<!1 " W m z 
" 60 

40 -< 
fu " 
'" 

Ii! 
~ 50 1\ saG: 
u: m 

'" I-
60 ~ m 40 

" 1\ ~ '" ~ 30 70 C5 
I 

1\ 
-< 

20 "-
80 

10 
f'... 

90 

0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVel % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SilT CLAY 

0 0.0 0.0 0.2 1.6 52.5 38.3 1A 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 
0 Z-V3V5·B03 SS7/8/9 22-28 ft 4/3/09 SP-SC Brown Poorl Graded Sand with Cl 1l.2 28 20 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND Composite, Lab No. 9528, 9529 and 9530 

Project No. 6155-08-003 1.06 I lab No. 9528/29/30 CONSULTING, INC. -:s-uJ .r/lff/D'7 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

28,52 60 

Dashed line Indicates the approximate / ;' 
/ upper limit boundary for natural SOIiS/ 

/ 
50 -

~y 28.38 

1 / 
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40 'Y 
>- [;i 

f- / // 

/ 
i:5 28.24 " II >- z 
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~ 30 0 

" 0: " / / / w iii >-
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20 

r- / / Y , 

/ i 27.96 
10 - / l . V 
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4 - /71 I~~, I/j/ ML r OL MH rOH 

/ I : 
27.825 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTHIELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 

• Z-V3V5-B03 SS7/819 22-28 ft 413 /09 SP-Sc Brown Poorl Graded Sand with Cl 11.2 28 8 

. 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND -::>0 
Project N.o. 6155-08-0031.06 I Lab No. 9528129130 CONSULTING, INC. t-/OY/?9 



K
-C

L
C

-Z
-0

0
0

1
3

, R
e

v
. 0

P
a

g
e

 1
6

1

B
-
1
6
2

Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER , 
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GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE I MEDIUM I FINE SILT I CLAY 

0.0 0,0 1.0 3.0 48.1 36.3 11.6 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PL 

0 Z-V3V5-BOJ S8 11/12 30-34 ft 4n/09 SP-SC Brown Poorly Graded Sand with Clay 16.0 37 18 

Client SRNS MACTEC ENGINEERING o Tested By: EH Reviewed By: JW 

Proiect Saltstone Vaults 3 & 5 AND 30 

Pro'eet No. 6155-08-0031.06 I l ab No. 9532/9533 CONSULTING, INC. r/trS!o,? 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

54.0 60 I 

Dashed line indicates the approximate / / / upper limit boundary for natural SOiIS/ 
/ 

50 

- / / ~Y 53.2 

1\ 
P 40 

1\ / 
I V 

ffi 52.4 
x w / 0 II >- .. / z 
~30 / 0 , U 

0: i\ u 

r- / 
/ w ;= / >- '" ~ 51.6 :'i / 

Q. / 
20 

V j / 
50.8 Jl' 

1\ 10 r- 11 / / 
7 1- 7///~\;f,j 1/// 
4 MLrOL MH ,OH 

V I 
50.05 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # OEPTHlElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% Ll PI 

• Z-V3V5-B03 SS13A 34-34.6 ft 4/10/09 Brown Sandy Clay (Visual) 21.2 51 31 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND r3c.J 

Project No. 6155~O8-0031.06 I Lab No. 9534 CONSULTING, INC_ S-!tt(or 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

60 35.5 

Dashe<:l line Indicates the approximate / / II upper limit boundary for natural soils / 

/ 
50 I-

)y 34.5 

/ 
, 

1\ / 

/ '1 
40 -

1\ / 
I V 

~ 33.5 
x 
w / II c w ;:; / r 1\ z 
~ 30 / 0 

() -
0: 

() 

/ V w F / r w 

~ 32.5 :5 / 
1\ .. / 

20 -

/ / ~y 
/ 

"'} 31.5 / 
10 

I I / 17 

r 
7 - 1///9~;~ //// 

MLrOL OMHT OH 4 
II 1 : 

30.55 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE II DEPTHIElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 

" Z-V3V5-B03 SS13B 34.6-36 ft 4/ 10/09 Yellowish Brown Clayey Sand Visual 14.2 33 13 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND '30 

Project No. 6155-08·0031.06 I Lab No. 9535 CONSULTING, INC. ,>(IS-loJ 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

88 60 / 

Dashed line indicates the approximate L I V 
upper limit boundary for natural SOiIS/ 

,\ 50 - ~-1f+I--+-+-/'I----+--1 
861--+-+--Ir+-+--+--+-t--'k\++-H++-t+t-t+l / / 9f1 

1\ 40 - 1_-r./~r-,,~--+--r--1 
>- >< / I V ~ 841--1-+--+-1-1- --+-+--+--+--+-l'\ctI+--t-++I+H ~ / 1/ 
~ 1\ ~ 30 - /1--

1 
[rC/-lV- ¥----+--+---I---+--1 

i 82 ~ 1/ 

1\ 20 r I---+~-r-T·I---+-~-r---+-+--I 
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1 ry 
1 C'} 

80 1 / 
10 - /l1--

j
+---+/+ +-II--I---t---I---+--+-I 

: - 71 1 1"~jIi.'W ML , OL MH ,OH 

V 
785 10 20 25 30 40 10 30 50 70 90 110 

NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PI 
• z..V3V5-B03 SS16 50-52 ft 4/ 10/09 Yellowish Silt Visual 37.8 83 45 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AN D ""'.S W 

Project No. 6 t 55·0.8.jl03 1.06 I Lab No. 9538 CONSULTING, INC. . .. ___ _ S-/I<i5/<<> 9' 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

115 . i i i w • 

• 
111 1 I I I I I I I I \ 1 I I III I I I I I I I 
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~1O" I 1 1 1 1 I III f\t-HIIII I I I I 
1\ 8 

"' w 

i 1031 I I I I I I I I I I I 11/\1 I I I I I I 

99 1 I I I I I I I I I I I I I I 1+1+1 
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o 
;; 

Dashed line indicates the approximate / 
upper limit boundary for natural soils 

/ 
501-

I ~ 

.1
1
__ 'Y 401-

~301-

~ 
/ 

I V 
1/ / 

/ / "-

'" 

9S 1 I I ! , I I I! , I 

MHT OH 

• 

5 10 20 25 30 40 

SOURCE 
Z-V3 V5·B03 

NUMBER OF BLOWS 

SAMPLE # DEPTH/ELEV. DATE SAMPLED 

SS I8A 60·60.6 ft 4/1 0/09 
uses 

10 30 50 70 
LIQUID LIMIT 

MATERIAL DESCRIPTION 
Yellowish Silt (Visual 

Ilclieni SRNS I MACTEC ENGINEERING 
Project Sallstone Vaults 3 & 5 AND 

• Tested By: EH Reviewed By: JW 

Project No. 6 155-08-003 1.06 I Lab No. 9540 CONSULTING, INC. 

- - - .. ~-

90 110 

NM %llL PI 
48.0 104 59 

JW 
Y!{'if!O/ 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

36.7 
60 / I 

O"heel I,,, ,,"ca'" Ihe ,,,,,,'m,l, ! / 
upper limit boundary for natural SOilS/ / 

50 -
35.7 

\ / / ~y 
! '1 

\ 40 - / -/ / 
>- ~ ! ffi 34.7 

I 
>-

" 
z ! I~ z 1: 30 - ! 0 

" '" ! / / / w 1\ >-
~ 33.7 

20f- r 
/ ! ~ 

32.7 
1\ / l 

10 - 11 ;' / 

: 711. - '111/ OML , OL MHl'0H 

/ : 
31.7

5 10 20 25 30 40 10 30 50 70 90 110 
NUMBER OF BLOWS LIQUID LIMIT 

SOURCE SAMPLE. DEPTH/ELEV. DATE SAMPLED USCS MATERiAl DESCRIPTION NM% LL PI 

• Z-V3V5-B03 SS2 1 75~77ft 4/10/09 Tan Silty Sand (Visual) 32.8 33 5 

Client SRNS MACTEC ENGINEERING • Tested By: EH Reviewed By :JW 

Project Saltstone Vaults 3 & 5 AND -:::JW 
Pro·eet No. 6 1 55~08-0031.06 I lab No. 9544 CONSULTING, INC. NI t3'" ( () '1 
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Particle Size Distribution Report (ASTM 0422-63 (2007» 
u.s. SIEVE OPENING IN INCHES U.S. STANDARD SIEVE NUMBERS HYDROMETER 

• . • • ~ ,. 
100 1"\ 

, 0 
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j: 70 
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60 ~ ~ 40 
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'" IT 

i(' 30 70 G , 
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20 80 

r--
10 90 
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0 100 
500 100 10 1 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

% COBBLES 
% GRAVEL % SAND % FINES 

COARSE FINE COARSE MEDIUM FINE SilT CLAY 

0 0.0 0 .0 22.0 1.8 2.7 43.6 15.7 14.2 

SOURCE SAMPLE # DEPTH/ElEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM % LL PL 

0 Z-V3V5·B03 SS22123124 80·92 ft 4/3/09 SM Tan Silty Sand with Gravel 33.2 39 26 

Client SRNS MACTEC ENGINEERING o Tested By: Eh Reviewed By :J W 

Project Saltstone Vaults 3 & 5 AND Composite, Lab NQ. 9545, 9546 and 9547 

"3'-0b9' Proiect No. 6\55-08-003 \.06 I Lab No. 9545/46/47 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM 04318 (05) 

55.4 , r- '-- ,,- rT- T- rTII - n'n'n'iTnTn' I 

544 1 I I I I I . I I I I I I I I I I I I I 

1\ 
>--ill 53.4 -

~ ~ 
~ I u 
~ . 1 m I ITTm 
;: 524 \1 I I I I I 

ITl 

1\ 

5141-----1 1 I I I I I I I I I I kl I I I I I I I 

504 1 I I I ! ! I ! , I I I 
. 5 10 20 25 30 40 

SOURCE 
Z-V3V5-B03 

NUMBER OF BLOWS 

SAMPLE # DEPTHIELEV. DATE SAMPLED 

SS28A 110-111 ft 4/10/09 
uses 

[;S 

~ 

60r-------------------~--~~r_~--~--, 

Dashed line indicates the approximate. ~-I--,1 
upper limit boundary for natural soils , 

/ 
50 1-

I ~ 

/ 

40 '-
/ cj 

~ 301-

~ 
l1/r I V 

/ /1 V 
201- / // 

10 

:1-_--;'-\-;1"'7":4" !. 

10 30 

~y 
/' 
MlorOl 

50 70 
LIQUID LIMIT 

MATERIAL DESCRIPTION 
Dary Grey Sandy Silt <Visual) 

MH QrOH 

90 11 0 

NM% I LL PI 
31.7 51 19 

II Client SRNS I MACTEC ENGINEERING I" T,,"dBy: EH Re'iewed By: IW 

Project Saltstone Vaults 3 & 5 AND -:r-c.J 
~S!tJ'1 Project No. 6155-08-003 1.06 I Lab No. 955 1 CONSULTING, INC. 
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LIQUID AND PLASTIC LIMITS TEST REPORT ASTM D4318 (05) 

60 

Dashed line indicates the approximate / 1/ 
II upper limit boundary for natural soils / 

I 
50 I-

*0/ / I 

/ cj . 
40 l-

I 
I 1/ 

~ I 

II c 
~ I 
[::30 l- I 
g 

I V if; I 
:5 I 
0- I 

20 I-
Y I I 

I 
I 7 

10 - / 
/ 1/ 

7 I- 1/ , " 1.///1 MLi roL MHt OH 4 
V : 

10 30 50 70 90 110 
LlaUID LIMIT 

SOURCE SAMPLE # DEPTH/ELEV. DATE SAMPLED uses MATERIAL DESCRIPTION NM% LL PI 

• Z-V3V5-B03 SS34 140-140.5 ft 4/ 10/09 Grev SAnd (Visual) 23.8 NY NP 

Client SRNS MACTEC ENGINEERING • Tested By :EH Reviewed By: JW 

Project Saltstone Vaults 3 & 5 AND --;)w 

Project No. 6155-08-0031 .06 1 Lab No. 9558 CONSULTING, INC. S-/tif(&/ 

. ! .. - --
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B-171

' MACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Boring No.: Z-V3V5-B01IB04 
Depth: Composite A 

Project No.: 6155-08-003 1.06 
Project Name: Saltstone Vaults 3&5 

Lab No. 9465/9466/9467/9468-A 
Tested By: JW 

Sample ID: -'O-'-l"'O"ft;;--",-___ _ 

Reviewed By: - .. 9':::T"':-:!(J::"":o:-----
Date: ~O"'4/"'2-;:3/"'09;;-------- Date: _-=5,,-1.'-.' <f.'-.U"-O"I-'-__ _ 

Total Sample Inside Diameter 

I 
Moisture Content 

I Height, incites of Cut Tube, inclzes 

I 2.937 Tare No. R-35 
2 2.941 Top 2.870 Tare Weight 8.45 grams 

3 2.936 Bottom 2.870 Wet Weight + Tare 672.71 grams 
Average 2.938 Average 2.870 Dry Weight + Tare 619.51 grams 

Moisture Content 8.7 % 

Total Weight of Sail + Tube Section __ ..:6:::6-:4.:::26=-__ grams 
Weight of Clean, Dry Tube Section 0.00 grams 
Wet Weight of Soil 1.46 Ibs 

Volume of Sam Ie 0.011 ftJ 

RESULT SUMMARY 

Moisture Content 8.7 % 
Wet Density 133.1 pel 
Dry Density 122.5 pel 
Specific Gravity 2.7 
Porosity 0.27 

Remarks: Subcontract No. AC54317N 

Specification No. K-SPC-G-0013 

Delivery Order #6 
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B-172

IIMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Project No.; 6155-08-0031.06 
Project Name: Saltstone Vaults 3&5 

Lab No. 9465/9466/9467/9468-B 
Tested By; JW 

Date; ""074/::-23"'/::::09;;--------

Total Sample Inside Diameter 

I Height, inches of Cut Tube, illcltes 

I 2.921 
2 2.92 Top 2.870 
3 2.925 Bottom 2.870 

Average 2.922 Average 2.870 

Total Weight of Soil + Tube Section 
Weight of Clean, Dry Tube Section 
Wet Weight of Soil 

Volume of Sample 

Boring No.; Z-V3V5-B011B04 
Depth; Composite B 

Sample ID; -"O-.::I"O""ft':;-____ _ 
Reviewed By; -"'&'7lt-b r::' :;;-__ _ 

Date; _ ---"61:./'...;'1 !>=IYf--'-__ _ 

Moisture Content 

I 
TareNe. R-II 

Tare Weight 8.53 grams 
Wet Weight + Tare 669.79 grams 
Dry Weight + Tare 616.82 grams 

Moisture Content 8.7 % 

661.26 grams 
0.00 grams 

1.46 lb, 

0.01 1 ft' 

RESULT SUMMARY 

Moisture Content 8.7 % 
Wet Density 133.3 pcf 
Dry Density 122.6 pcf 
Specific Gravity 2.7 
Porosity 0.27 

Remarks: Subcontract No. AC54317N 

Specification No. K-SPC-G-00 13 

Delivery Order #6 
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B-173

IIMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Project No.: 6155-08-0031.06 
Project Name: Saltstone Vaults 3&5 

Lab No. 9459 
Tested By: ""JW"""-- ------ --

Boring No.: Z-V3V5-B04 
Depth: ST2 

Sample ID: -::3-::0-"'3=-2 -:::ft--- ---

Date: 04/08/09 
Reviewed By: --<~f-':#~==,---

Date: S/I"/t><r --'--'-- - -

Total Sample Inside Diameter 

I 
Moistu re Content 

Height, inches of Cut Tube, inclles 

I 4.63 1 Tare No. 
2 4.605 Top 2.875 Tare Weight 
3 4.59 Bottom 2.864 Wet Weight + Tare 

Average 4.609 Average 2.870 Dry Weight + Tare 
Moisture Content 

Total Weight of Soil + Tube Section .---946.49 

Weight of Clean, Dry Tube Section 0.00 
Wet Weight of Sail 2.09 

Volume of Sample 0.017 

RESULT SUMMARY 

Moisture Content 13.9 
Wet Density 121.0 
Dry Density 106.2 
Specific Gravity 2.67 
Porosity 0.36 

Remarks: Subcontract No. AC54317N 

Specification No. K-8PC-G-OO I3 

Delivery Order #6 

X-IS 
46.77 

993.26 
877.86 

13.9 

grams 
grams 

Ibs 

ft ' 

% 
pc! 
pc! 

I 
grams 
grams 
grams 
% 
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B-174

, MACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Project No.: 6155-08-0031.06 
Project Name: Saltstone Vaults 3&5 

Lab No. 9462 
Tested By: "JW-!i''----------

Boring No.: Z-V3V5-B04 

Depth: STS 
Sample ID: -';5:;.5-"'S-:07"""ft------

Date: 04116/09 
Reviewed By: --<U?~!b="-----

Date: 57?!/o'! 

Total Sample Inside Diameter 

I 
Moisture Content 

I Height, inches of Cut Tube, illches 

1 5.636 Tare No. AB-23 
2 5.636 Top 2.889 Tare Weight 83.92 grams 
3 5.632 Bottom 2.882 Wet Weight + Tare 989.44 grams 

Average 5.635 Average 2.886 Dry Weight + Tare 619.31 grams 
Moisture Content 69.1 % 

Total Weight of Soil + Tube Section 905.71 grams 
Weight of Clean, Dry Tube Section 0.00 grams 

Wet Weight of Soil 2.00 Ibs 
Volume of Sam Ie 0.021 jt ' 

RESULT SUMMARY 

Remarks: 

Moisture Content 
Wet Density 
Dry Density 

Subcontract No. ACS4317N 

Specification No. K-SPC-G-001 3 

Delivery Order #6 

__ --:6"9,,,.1;.-__ % 
__ ~93",.6:--_pcf 
__ ..::5",5.:.:4 __ pcf 
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B-175

tflMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Project No.: 6 155-08-003 1.06 

Project Name: Saltstone Vaults 3&5 
Lab No. 9463 

Boring No.: Z-V3V5-B04 

Depth: ST6 
Sample ID: ""847-"'86-::-::-ft------

Tested By: -:J"'w.;;.:-- --------
Date: 0411 6/09 

Reviewed By: --<fJ£.st"'::-r.::-----
Date: "6/i'iJaQ _..::J..:.'I-. "--__ _ 

Total Sample Inside Diameter Moisture Content 
Height, inches of Cut Tube, inclles 

1 
2 
3 

Average 

Remarks: 

6.045 Tare No. K-7 
6.05 Top 2.888 Tare Weight 4.21 

6.035 Bottom 2.88 1 Wet Weight + Tare 192.85 
6.043 Average 2.885 Dry Weight + Tare 145.79 

Moisture Content 33.2 

Total Weight of Soil + Tube Section __ ..:I..:I;:-94:::.,,8=-9 __ grams 
Weight of Clean, Dry Tube Section 0.00 grams 
Wet Weight of Sail 2.63 Ibs 

Volume of Sam Ie 0.023 ft ' 

RESULT SUMMARY 

Moisture Content 
Wet Density 
Dry Density 

Subcontract No. AC543 17N 

Specification No. K-SPC-G-0013 

Delivery Order #6 

__ ....::3=:3:::.2':-__ % 
_ _ ..:,ll:05:::.3,--_pcf 
_ _ ..::8~6.c:.5 _ _ pcf 

grams 
grams 
grams 
% 
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B-176

IIMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Project No.: 6155-08-0031.06 
Project Name: Saltstone Vaults 3&5 

Lab No. 9477 
Tested By: "J"W.;-:----------

Boring No.: Z-V3V5-B01 
Depth: S1'2 

Sample ID: -::3:C0-"'3:::2-;:tt------

Date: 04/08/09 
Reviewed By: _ .... f)~'i:\f~=.-__ _ 

Date: _-",sTil'-I1!j}./O,,-," __ _ 

Total Sample Inside Diameter 

I 
Moisture Content 

I Height, inches of Cut Tube, inches 

I 4.728 Tare No. AB-ll 
2 4.665 Top 2.854 Tare Weight 85.92 grams 
3 4.694 Bottom 2.843 Wet Weight + Tare 95l.l0 grams 

Average 4.696 Average 2.849 Dry Weight + Tare 845.16 grams 
Moisture Content 14.0 % 

Total Weight of Soil + Tube Section __ -=8-::6::;5 . .,.18=-_-_._grams 
Weight of Clean. Dry Tube Section 0.00 grams 
Wet Weight of Soil 1.91 Ibs 
Volume of Sam Ie 0.017 jt J 

RESULT SUMMARY 

Moisture Content 14.0 % 
Wet Density 110.1 pc! 
DI")' Density 96.7 pc! 
Specific Gravity 2.68 
Porosity 0.42 

Remarks: Subcontract No. AC54311N 

Specification No. K-SPC-G-0013 

Delivery Order #6 
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B-177

IIMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Projocl No.: 6 155-08-0031.06 

Project Name: Saltstone Vaults 3&5 

Lab No . ..,9:':48:::2=--_______ _ 

Boring No.: Z-V3V5-BOI 
Depth: ST7 

Sample !D: ""7;;'8-""8""0 -;:;ft------

Tested By: JW 
Date: "0-"4/"'20-2/""09::--------

Reviewed By: -f)tp'2e..«tcr--r-::-----
Date: _-=6fp.1-411",-O-,-~ __ _ 

Total Sample In Moisture Content 
H ' 

1 

2 
3 

Average 

Remarks: 

1.881 Tare No. F-25 

1.894 Top 2.802 Tare Weight 4 .23 
1.895 Bottom 2.778 Wet Weight + Tare 84.34 

1.890 Average 2.790 Dry Weight + Tare 63.54 
Moisture Content 35.1 

Total Weight of Soil + Tube Section __ ...;3::;3;-:7",.8;.:6c-__ grams 
Weight of Clean, Dry Tube Section 0.00 grams 

Wet Weight of Sail 0.74 lbs 

Volume of Sam Ie 0.007 ft ' 

RESULT SUMMARY 

Moisture Content 
Wet Density 

Dry Density 

Subcontract No. AC54317N 

Specification No. K·SPC·G-0013 
Delivery Order #6 

__ -:3",5::;..10,-__ % 
__ .c;ll,:?I~.4 __ pc! 
__ -"S.=:2.,,-S __ .pc! 

grams 
grams 
grams 
% 
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B-178

IfMACTEC 

TP-4 UNIT WEIGHT OF SAMPLE 

Boring No.: Z-V3V5-BOI Projecl No.: 6155-08-0031.06 

Project Name: Saltstone Vaults 3&5 

Lab No. "'9,:.48"'3'-_______ _ 

Depth: .:;S"'T.:;8-;:-;: _____ _ 

Sample lD: ..:8..:,1-.:8,;:,3 "'ft;,,-____ _ 
Tested By: JW 

Date: "'0,;;,4/7:"20"2/"'09::--------
Reviewed By: --<llii-=-7~-'rc:'----

Date: __ S~:!-!/t-1?7<.::o-,-? __ _ 

Total Sample Inside Diam Moisture Content 
Heigbt, inches of Cut Tube, i 

I 2.508 Tare No. F-34 
2 2.391 Top 2.840 Tare Weight 4.31 

3 2.324 Bottom 2.842 Wet Weight + Tare 165.60 
Average 2.408 Average 2.841 Dry Weight + Tare 125.74 

Moisture Content 32.8 

grams 
0.00 grams 
0.99 lbs 

0.009 

RESULT SUMMARY 

Remarks: 

Moisture Content 
Wet Density 
Dry Density 

Subcontract No. AC54317N 

Specification No. K-SPC-G-OOI3 

Delivery Order #6 

32.8 % 
---:C:7=--
__ .:;:11:;:2:;.S,--_pcJ 
__ -"S",4',;;,7 __ pcJ 

grams 

grams 
grams 
% 
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B-179

I/MACTEC 

HYDRAULIC CONDUCTIVITY 

Project No. 6155-08-0031.06 Tested By JW 
Project Name Saltslone Val/Its 3&5 Test Date 412312009 

Boring No. Z-V3V5-B011B04 Reviewed By g~7-
Sample No. ComposileA Review Date 5j19j09 

Sample Depth 0-10 Ft. Lab No. 94651946619467 

Sample Description 19468-A 

ASTM D5084-03 - (Method C Falling Head RisingTai/) 

Sample Type: Remolded 

Sample Orientation: Vertical 

Initial Water Content, %: 8.7 

Wet Unit Weight, pel: 133.2 

Dry Unit Weight, pel: 122.5 

Compaction, %: 96.6 

Hydraulic Conductivity, em/see. @20 · C 1.4E-05 

Remarks: ",A:.:C:.::5-',4;;.31,-,7-cN,--:-:---,.,.=~;:-::=;:-_______ _ 
Specification No. K-SPC-G-0013 
Delivery Order #6 
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PERMEABILITY TEST 
(ASTM D5084 - 03) (Method C, Increasing Tailwater Level) 

Project Number 6155-08-003 1.06 
Project Name Saltstone Vaults 3&5 
Boring No. Z-V3VS-BOIIB04 
Sample No. Composite A 

Sample Depth "O-:.'IC'.O~F~t. ___ _ 
Sample Description 

Tested By JW 
Test Date ""0';4n=3/"'0"9 -----

Rev;ewed By-<,8uf;-<c"-r:-::--__ _ 
Rev;ew Date S/t'l/09 

Lab No. 94651946619467 
19468-A 

IIMACTEC 

In itial Sample Data Final Sample Data Consolidation 

Length, in 

Location I 2.937 

Location 2 2.941 

Location3 2.936 

Average 2.938 

Volume, inl 19.0 1 

SO Measured 2.7 

Soil Sample Wt., 664.26 

DryUW, pef 122.5 

Satu.ration, % 62.6 

Time H. 
(=) (em) 

390 10.1 

1387 10.1 

1800 iO.l 

300 18.7 

780 18.7 

No.ofTrial 

5 

a = area of burette in em2 

L = length ofsample in em 

A = area of sample in em' 

Diameter, in 

Location I 2.870 

Location 2 2.870 

Location 3 2.870 
Average 2.870 

We!. Soil + Tare, g 664.26 

Tare Weight, g 0.00 

Dry Soil + Tare, g 611.06 

Moisture Content, % 8.7 

I 

H, H. H, 
(em) (em) (em) 

l OLl 25.3 85.0 

101.1 45.2 65.9 

101.1 48.1 62.3 

101.1 30.2 89.4 

101. 1 42.2 77.5 

Sample Max. Density Compaction 

Type (pcQ 

Remolded 126.8 

Ha - initial inlet head in em 

HI - init ial outlet head in em 

t - time in sewnds 

% 

96.6 

Pan No. 

Wet SoMPan, 2 

Dry Soil + Pan, ~ 

Pan Weillht, Il 

Moisture Content, % 

Dry Unit Weight, ~f 

Saturation, % 

Diameter, in. 

Length, in. 

Volume, inl 

Temp Initial Hydraulic 

('C) Gradient 

24.2 12.2 

24.2 12.2 

24.2 12.2 

24.2 11.0 
24.2 11.0 

Sample 

Orientation 

Vertical 

Hb - final inlet head in em 

H2 - final oullet head in em 

R·35 Chamber Pressure, psi 

691.22 Back Pressure, psi 

619.5 1 Confining Pressure, psi 

8.45 Initial Burette Reading 

11.7 Finial Burette Reading 

123.8 Volume Change, cc 

87.9 

N/A Permeant used 

NlA 

N/A 

Final Hydrauli k k 

Gradient crnI,~ crnI= 
al 20 °C 

8.0 i .55E-05 1.40E-05 

2.8 l.53E·05 1.38E-05 

1.9 1.48E-05 1.34E-05 

7.9 1.5SE-05 1.43£-05 

'.7 1.5SE-05 1.41E-05 

Avg. k at 20 °C 1.39E-OS em/sec 

a = 

A = 
L= 

0.1 6 cm2 

41.74 em2 

7.46 em 

Remarks: 

74 -
6' 
10 
16.8 
13.4 

3.4 

Water 

AC543 17N 

Specification No. K·SPC.Q..( 

Delivery Order 116 
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B- 181

i ' 

I' , 

Ii 
, , 

lIMACTEC 

HYDRAULIC CONDUCTIVITY 

Project No. 6155-0B-0031.06 Tested By JW 
Project Name Saltstone Vaults 3&5 Test Date 412912009 

Boring No. Z-V3V5-B01IB04 Reviewed By ~4.J--
Sample No. Composite Review Date S llQlO9 
Sample Depth 0-10 Ft. Lab No. 94651946619467 

Sample Description 19468B 

ASTM D50B4-03 - (Method C Falling Head RisingTai/) 

Sample Type: Remolded 

Sample Orientation: Vertical 

In itial Water Content, %: 8.7 

Wet Unit Weight, pet: 133.3 

Dry Unit Weight, pcf: 122.6 

Compaction , %: 96.7 

Hydraulic Conductivity, cm/sec. @20 · C 3.SE-05 

Remarks: AC54317N 
;S~p~e~ci*fic~a7ti~on~N~o~.K~-~S~P~C~-G~-~O~0713~----------------
Delivery Order #6 
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B-182

IIMACTEC 

HYDRAULIC CONDUCTIVITY 

Project No. 6155-08-0031.06 Tested By JW 
Project Name Satlstone Vaults 3&5 Test Date 41812009 

Boring No. Z-V3V5-B04 Reviewed By lr'" (-
Review Date :5/IQfo ~ Sample No. ST2 

Sample Depth 30-32ft Lab No. 

Sample Description Brown Poorly Graded Sand with Clay 

ASTM D5084-03 - (Method C Falling Head RisingTailJ 

Sample Type: 
-

Sample Orientation: 

Initial Water Content, %: 

Wet Unit Weight, pcf: 

Dry Unit Weight, pel: 

Compaction, %: 

Hydraulic Conductivity, cmlsec. @20 · C 

Remarks: Subcontract No. AC54317N 
Specification No. K-SPC-G-0013 
Delivery Order #6 

UD 

Vertical 

13.9 

120.8 

106.1 

NIA 

9.9E-04 

9459 
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PERMEABILITY TEST 
(ASTM DS084 - 03) (Method C, Increasing Tailwater Level) 

Project Number 6155-08-0031 .06 
Project Name Satlstone Vaults 3&5 

Tested By JW 
Test Date~O~4/~O~8/~09OC------

Boring No. Z-V3V5-B04 Reviewed By ~,=.-__ _ 
Sample No. 81'2 Review Date ~@.:::o-,-"! ___ _ 
Sample Depth 30-32 ft Lab No. 9459 
Sample Description Brown Poorly Graded Sand with C·c1a-'y=-------

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

IiMACTEC 

Initial Sample Data Final Sample Data Conso lidation 

Length, in 

Location 1 4.631 

Location 2 4.605 

Location3 4.590 

Average 4.609 

Volume, in
3 29.84 

SO Measured 2.67 

Soil Sample Wt., 946.49 

Dry UW, pef 106.1 

Saturation, % 65 .0 

Time H, 
(sec) (em) 

4J 26.2 

60 25.4 

57 24.! 

53 23.3 

48 27.6 

No.ofTria! 

5 

a = area of burette in em' 

L = length of sample in cm 

A = area of sample in em' 

Diameter, in 

Location I 2.878 

Location 2 2.872 

Location 3 2.864 
Average 2.871 

Wet Soil + Tare, g 946.49 

Tare Weight, g 0.00 

Dry Soil + Tare, g 831.09 

Moisture Content, % 13.9 

I 

H, H. H, 

(em) (em) (em) 

91.8 54.4 62.8 

90.4 56.2 59.9 

91.2 55 .6 59.7 

90.5 54.3 59.7 

91.5 56.1 62.9 

Sample Max. Density Compaction 

Typo (pet) 

UD NlA 

Ha = initial inlet head in em 

H\ = irJitial outlet head irJ em 

t = time in seconds 

% 

N/A 

Pan No. 

Wet Soi l+Pan, g 

Dry Soil + Pan, g 

Pan Weight, g 

Moisture Content, % 

Dry Unit Weight, per 
Saturation, % 

Diameter, in. 

Length, in. 

Volume, inl 

Temp Initial Hydraulic 

('C) Gradient 

23.3 5.6 

23.3 5.6 

23.3 5.7 

23.3 5.7 

23.3 5.5 

Sample 

Orientation 

Vertical 

Hb = final inlet head in em 

H2 - final outlet head in em 

X-IS Chamber Pressure, psi ,6"' ___ _ 
1032.61 Back Pressure, psi "5"' ___ _ 
877.86 

46.77 
Confining Pressure, psi 1 .,0-c-__ _ 

Initial Burette Reading "'~6.~2,-__ 
18.6 Finial Burette Reading .1,0".8'--__ 

107.3 Volume Change, ee ~5c.4~ __ _ 

89.9 

N/M Penneant used Water 

N/M 

N/A 

Final Hydrauli k k 

Gradient em/sec em/sec 

at 20 °C 

0.7 1.07£-03 9.91E·04 

0.3 1.07E·03 9.90E·04 

0.4 1.10E·03 1.02E·03 

0.5 l.o7E·03 9.86E·04 

0.6 I.OSE·03 9.67E-04 

Avg. k at 20 °C 9.90E-04 em/sec 

a= 

A= 

L= 

0.16 em2 

41.78 em2 

11.71 em 

Remarks: Subcontract No. ACS4317N 

Spe<:i1ica!ion No. K-SPC-G-0013 

Delivery Order #6 



K-CLC-Z-00013, Rev. 0 Page 183

B-184

IIMACTEC 

HYDRAULIC CONDUCTIVITY 

Project No. 6155-08-0031.06 Tested By JW 

Project Name Sallstone Vaults 3&5 Test Date 41812009 

Boring No. Z -V3V5-B01 Reviewed By (j(;!f 
Review Date 5//'1/01 Sample No. ST2 

Sample Depth 30-32/t Lab No. 

Sample Description Reddish Brown Well Graded Sand with Clay 

ASTM D5084-03 - (Method C Falling H ead RisingTail) 

Sample Type: 

Sample Orientation: 

Initial Water Content, %: 

Wet Unit Weight, pcl: 

Dry Unit WeiQht, pel: 

Compaction, %: 

Hydraulic Conductivity, cm/sec. @20 · C 

Remarks: Subcontract No. AC54317N 
Specification No. K-SPC-G-0013 
Delivery Order #6 

UD 

Vertical 

14.0 

110.0 

96.6 

NIA 

4.3E-04 

9477 
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PERMEABILITY TEST 
(ASTM D5084 - 03) (Method C, Increasing Tailwater Level) 

Project Number 6\55-08-0031.06 
Project Name Satlstone Vaults 3&5 
Boring No. Z-V3VS-BO I 

Sample No. ~Sc:T2"",C7 ___ _ 

Tested By JW 
Test Date .,,04';;/;;C08"'/0"'9;-----

Reviewed By -fj~ffL'3-= ___ _ 
Review Date 5brfo"l 

Lab No. 9477 Sample Depth c3",0,-,-3 .. 2-:ft,,-~~~~ 
Sample Description Reddish Brown Well Graded Sand with L1ay 

._----------- - - --- - - ---

I/fMACTEC 

Initial Sample Data Final Sample Data Consolidation 

Length, in Diameter, in PanNa. Ab-l 1 Chamber Pressure, psi 69 
Location 1 4.728 Location 1 2.856 Wet Soil+Pan, g 1013.45 Back Pressure, psi 59 
Location 2 4.665 Location 2 2.85\ Dry Soil + Pan, g 845 .16 Confining Pressure, psi 10 
Location3 4.694 Location 3 2.843 Pan Weight, g 85.92 Initial Burette Reading 16.3 

Average 4.696 Average 2.850 Moisture Content, % 22.2 Finial Burette Reading 9.3 

Volume, inl 29.96 Wet Soil + Tare, Il. 865.18 Dry Uni t Weight, ocf 98 .0 Volume Change, cc 7.0 
SO Measured 2.68 Tare Weight, g 0.00 Saturation, % 84.0 

Soil Sample Wt., 865.18 Dry Soil + Tare, g 759.24 Diameter, in. NIM Permeant used Water 

Dry UW, pef 96.6 Moisture Content, % 14.0 Length, in. NIM 

Saturation, % 51.1 I Volume, inl N/A 

Time H, H, H. H, Temp Initial Hydraulic Final Hydrauli k k 

(sec) (em) (em) (em) (cm) ('C) Gradient Gradient em/sec em/sec 

at 20°C 

60 22.5 103.0 51.3 76.3 23.3 6.7 2.1 4.52E-04 4. 18E-04 

60 28.7 98.4 53.4 74.8 23.3 5.8 1.8 4.56E-04 4.22E-04 

60 33.1 93.9 54.5 73 .3 23 .3 5.1 1.6 4.54E-04 4.19E-04 

60 31.8 94.2 53.8 72.8 23.3 5.2 1.6 4.59E-04 4.25E-04 

60 31.3 97.4 55 .0 74.1 23.3 5.5 1.6 4.80E-04 4.44E-04 

No. of Trial Sample Max. Density Compaction ! Sample 
T,,,, (pet) % Orientation Avg. k at 20 °C 4.2SE-04 em/sec 

5 UD N/A NIA I Vertical 

a = area of burette in em' Ha - initial inlet head in em Hb = fi nal inlet head in em a= 0.16 em' Remarks: Subcontract No. AC543 17N 

L = length of sample in cm HI = ini tial outlet head in cm Hz = final outlet head in em A= 41.16cm2 Specification No. K·SPC.(}·()()\3 

A = area of sample in em2 t = time in seconds L = 11.93 em Delivery Order #6 
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B-186

IIMACTEC 

Water Retention Test 
(ASTM 03152) 

Project No 
Tested By 
Reviewed By 

6155-08-0031 .06 Project Name 
Test Date 
Review Date 

Saltstone Vaults 3&5 

40.0 

35.0 

30.0 .. 
" E 25.0 ~.:! ;::g 
g~ 20.0 z_ 
o 0 
S· . ~ 

15.0 ~! 

10.0 

i'>o.. 

~ J 
5.0 

0.0 
0.00 2.00 4.00 

_ Z- 5-604.30-32 
-e- Com 'te B 0..10 

Sample No. Initial Dry Unit 

& Depth (tt) Moisture WeiQht 

% by Vol. ( c 
Z.V3V5-BD4.3o..32 20.2 97.2 

Z·V3V5-B01 ,30·32 22.1 97.9 

Composite A,o..10 16 .1 120.1 

Composite B ,0·1 0 16.2 120.7 

4/27/09 

s71'iGl 

6.00 8.00 10.00 12.00 

AppUed Pressure (bars) 

_ ·V3V5-B01 .30-32 --- _ mpositeA,o..1 

Appl ied Pressure (bars 

0.101 0.50 1.0 5.0 1 15.0 1 
Retained Water ercent b volume 

33.5 13.0 12.0 8.1 8.1 
31 .5 12.6 12.3 7.1 6.7 
26.6 17.1 16.5 15.5 15.1 

25.4 19.7 17.7 15.9 15.5 

Remarks: The effective porosity (effective drainage porosity as defined by ASTM 0653. as a percent. is found for 
an applied pressure by subtracting the reta ined percent water (by volume) from the saturation percent water. 

14.00 

1 

When testing at pressures higher than one bar, ASTM 02325 using similar equipment designed for the required capacity. 

AC54317N 
Specification No. K-SPC-G-0013 
Delivery Order #6 

16.00 
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Project No 
Tested By 
Reviewed By 

No. of Tests per Sample 

IiMACTEC 

6155-08-0031.06 
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4 
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Water Retention Test 
(ASTM D3152) 

Project Name 
Test Date 
Review Date 

AC54317N 
Specification No. K-SPC-G-0013 
Delivery Order#6 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

30~~~~~~~~~~~~~~~.~/1i,~~~~~~~t 
Max. Obliquity F 

/ 

c' = 2.24 psi / 

,p' = 34.8 i / 
ton tP' = 0.70 / ' /: 

20 • • •••••••• ____ ••••••••• _ ~ _C_ •• ••••••••••••• ••••• _ ~ ••• ____ ••• _ ..-.... -- ..... ........ ................................... ....... _-.-... . 

10 - •• • ••••••••••• • •••••• j . ···l··· ······· .. - . - __ __ . _. ···l ......... .. ____________ • __ ..... ___ __ .......... . 

o 10 20 30 40 50 60 
p', psi 

5T1 ST1 5T1 
70 

Depth 20-22 

60 ... ........•.... ........•. _--------_ •........ __ .. , , , 

;, 5.964 

50 

'. , , pef 108.4 
~ 

ui 
~ 40 w 

0 .526 0.515 0 .54 
~ 

in 
~ 110.7 110.5 110.6 
0 

~ 
0 

20 
, , , 

........ ~ ......... ... ~ ........... j .. - ........ . 
, , , , , , , , , 

10 .....• .... .. -- ... ; ............•..... ---... 
, , 

0 .02 0.02 0 .02 

0 
0 5 10 15 20 i i 

VERTiCAl STRAIN, 7. 

~U' U' , 
. . , . 
: : : . ' 
, " , , , , , , 

'---' 

Soltstone 

6155080031 

I I based on start and end of test. 
Thu, 23-APR-2009 12:14:04 

• Saturation is set to 100% for phose calculations. 
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CONSOLIDATED UNDRAINED TRIAXiAl TEST by ASTM 04767 

·········r· ·· ·· ··· · · · ~ ··········· 

o 5 10 15 20 25 o 5 10 15 20 25 
VERTICAL STRAIN, % VERTICAL STRAIN, % 

30~~~~~~~~~~~~~~~/~~~~~~~~ 
Max. Obliquity " 

c· "" 2.24 psi 

"'. - 34 .8 

ton 1/>' = 0.70 

20 

10 

o 10 

Thu, 23-APR - 2009 12:14:04 

20 30 
p', psi 

3/31/09 

Reddish Brown Clayey Sand (SC) 

40 

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

50 60 

94S8.J_2S8J.dat 
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, 

II .. 

II , •• 
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'" ~ w 
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r 
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~ 
0 

~ 
0 

40 

60 

50 

40 

30 

CONSOLIDATED UNDRAINED TRIAXiAl TEST by ASTM 04767 

C :=: 17.1 psi 

q, = 10.8 

ton rp = 0.19 

. _ ..... _ ......... --_ ... -~ ....... -_ .............. -,--

.-. 

o 20 40 

· . .......................•...........•............ · . · . · . 

· . ...... . ......•..... _-_ .... , .......... . · . 

........... , . -....... ............ . ~ .. -.............. :;.; ... ~ 

-" r 

.-----...... ': ...... --.... ·····--·--· 1·-- ······ 

60 
p, psi 

Dry Density, pef 

80 

108.4 

0.526 

110.7 

100 120 

5.978 

109.2 107.4 

0.515 0.54 

110.5 110.6 

0.497 0.496 

20 .. _.- ... ~ .. ... ---.....• -.-.- ..... -:.- ........ . . 

10 

o 

· . · . · . 

··-- --· --- ·t···· ····· ,j,·········· t---------·· 
· . · . · . · . · . 

5 10 15 
VERTIC/IJ... STRAIN, % 

Project No.: 

Sample Type: Undisturbed 

20 

Stress, psi 

Phose I I bosed on start and end of test. 

9.996 19.99 

uu · . . . · . , , · . , , , . , , · . · · 

39.99 

17 

2.65 

._-_. 

Thu, 23-APR-2009 12:14:18 
• Saturation is set to 100% for phase colculations. 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

300~~==~~~~~~~~~~~~~~~LLt"~~~LL~~~~/~/~~LLt"~~~~~1f 
Max. Shear : / 

200 

100 

350 

300 

250 

200 

150 

100 

c' = 2.48 psi /' ~ 

~' = 33.1 
/ 

tan if/ = 0.65 

·····.··················f·······.--·······-----····.·.----..... ------- .... .;'" ............ -.- .. ---.... -. 
: /': 

........ . . r. ......... .. ; ....... --.............. ~ ......... -.. ........... ~ ...... ...... . 

o 100 

, " i ." ,,~ 

..... ~ ..... . 

200 

' H 

........ ...•....................... •........... . · . . · . · . · . · . 
· . . · . . ... -- ..... ....... __ ............. ..... ..... ..... . · . . · . . · . . · . . · . . 

. . 
·~ ···· · .. ····1 

300 
p', psi 

400 500 

50 .. ., .................... __ .. . . 

o 5 10 15 20 , ; 
VERTiCAl STRAIN, % 

Project: 3&5 

Project No.; 6155080031 
tV' J: (./J' U i! : · . · . 

. . · . . . , .. . 
-. ~~. -. ~-. -. ~~. 

Phase I I based on start and end of test. 

600 

-. ~~. 

Mon, 18-MAY-2009 14:24:27 
* Saturation is set to 1007. for phose calculations. 
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CONSOLIDATED UNDRAINED TRIAXiAl TEST by ASTM 04767 

.... ---! ... -.- ..... : ..... -..... -~ ........ -.. 

•• a. 200 
on 
~ 

~ 
~ 

~ ..... 100 
o 

... .. .. .. 

.-... -. ~ ........... : ....... -.. . , ......... -

-1001--.--+--.-t--r-~-.--t--.-1-

200 

100 

" ST3 

o 5 10 15 
VERTICAL STRAIN, 70 

c' = 2.48 psi 

<p' = 33.1 

tan ,p' = 0.65 

20 25 

.. -.-....................... -.. -.--... . ---.. :.:.: ..... :.- .... ------......... ~ --- .... -. __ ............. [ ....................... . 

. ----.,.., 
/ 

..................... '-1 

o 100 

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

200 

3&5 

300 
p', psi 

4/3/09 

400 500 600 

Mon, 18- MAY- 20Q9 14:24:22 
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a 

- 50 

- 100 
a 

300 

200 

'00 

a 

CONSOLIDATED UNDRAINED TRIAXiAl TEST by ASTM 04767 

...•..... ...... , ...... .... ~ ... -....... ", .......... . 

5 10 '5 20 25 
VERTICAL STRAIN, 7-

Max. Shear 

c' = 2.48 psi 

if>' '" 33. t 

ton rp' = 0.65 

•• a. 200 
u; 
~ 
w 

~ 
~ 

~ w 100 
Q 

a 

/ 

/ 

a 5 10 '5 20 
VERTICAL STRAIN, 7-

/ 

/ 

/ , 
/ 

/ 

/ 

.~ ........ ........ -....... ~ .............. ......... ,.~ '-: ............ ...... -.--~.......... . ...... . .. -.... -- -. _. " -......... . 

/ 

/ 

/! 

25 

. ........... --.-.----- ...... r. .. . ·_--t···· __ ··· .. ·· .......... , .. ............ ······f·· ···· ·· ....................... -_ ._-. -...... -

'00 200 300 
p', psi 

Dote Checked 

Type: 

400 500 600 

Date Test File 

9460.2_2S82.dat 

Mon, 18- MAY-20D9 14:24:28 
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u - 50 
i:j 

200 

100 

a 

CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

...... . ~ ... . _--_ ... •............... .... ..... 

5 10 15 
VERTICAL STRAIN, % 

c' '" 2.48 psi 

¢' '" 33.1 

ton l ' = 0.65 

20 25 

•• a. 200 .... ... .... ~ ......... .. , 

~ 
~ 
~ 

~ w 100 
c 

.... --.--...... . -.. -· ·· f ····· ·· · ······· --------- ~ -···-·· ····· .. ·· ····· ···.~ -:: ..... . -............ .. : ........... . 

. . .......... -.. -~ .. .. . ------r. ... 

a 100 200 300 
p', psi 

Date 

Sample Type: 

400 500 

Date Test File 

9460.2_2S82.dat 

Mon, 18-MAY- 2009 14:24:28 

600 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

c = c :-. 

tanj= ( -'. 

200 ............... _ ....... -~-------- .............. --' ......... -_. ---_ ._ ...... ~ ...... ---_ ....... ---- ... : ... --- .. " .. 

......... .. _ ... _ .. ... !.. __ .. .. _._ ..... ___ ..... J __________ .. _ .... _. .... . ...... _. 

o 100 200 

350 

300 

250 .. ... -----.. ~.-. ---_ ... ~ ........... -~ ... --------· . · . · . · . · . · . · . · . 
200 ... ~-. . ...... _, 

150 ...... _ ... . : ........... 1' ........ . -~ .......... -

100 - - -- -- -. - ~ ......... -:" .. -----_ .. . 

50 -- · . . ........•...........•........... -.. .. ....... . · . . · . . · . · . · . · . · . · . · . · . 
o 5 10 15 20 

\lERTlG.AL STRAIN, 7. 

04767-04 

300 
p. psi 

Sample No. 

Content, % 

limit 

iI 

Phose calculations based on start and end of test. 

400 500 

ST3 5T3 

ft 

20.9 20.9 

100.0 

114. 90. 

NP NP 

-'- -> '---' 

Mon, 18-MAY- 2009 14:25:10 * Saturation is set to 100% for phase calculations. 

600 



K-CLC-Z-00013, Rev. 0 Page 195

B-196

'. ~ w 
~ 

" ~ :;: 
~ 
~ 

~ 

:;: 

a 

CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

'. a. 200 
u; 
~ 
w 

~ 
~ 

~ u - 50 
~ 

.- .. -...... ~. ... . ..... -: -_....... ',' ......... -':--_ ....... . w 100 
o 

.. ..... --.- ---- ...... ~ ............• ---_ .... _--

- 100 +~-j-~+-~-j-~+-~-+ 
a 5 10 15 20 25 a 5 10 15 20 

VERTICAL STRAIN, % VERTICAL STRAIN, % 

C = i _ ," 

200 ... -... _---_ ....... ---- ~ ..... --.- ---_ ....................................... _ ..... ---_ ............ ~ --- ........ _ .... ...... , ..... _ .. : i . 

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

a 100 200 

Boring No.: Z- V3V5- 804 

Mon, 18- MAY- 2009 14-:25;10 

300 
p. psi 

Sample Type: 

iI 

400 500 

By Check Date File 

25 

600 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

c' = 2.61 psi 

¢' = 25.7 

tan 1/1' = 0.48 -40 .... .. . ---............ -., ........ -.-... -.-.. .. .. ' ........ -.. -.---... --... ~ .... . ..... ... - .... .. .... -- . -................•............. _-------_ .. 

20 ... .............................. ........ " .. ~""'<:--." ............. -- ..... .. -- .. . -- -- ----... . 

o 20 40 

, · . 
. ~ 50 ·· ........ T·········T·····--·'r .. ······· 
~. 40 fr'--! --:-- --. 
: 30_.I~ i... . ... r 
"' ~ 
a 

~: 12t1... 
· . . · . · . 

VERTICAL STRAIN, 7. 

Soltstone Voult~ 3&5 

60 
p', psi 

Sample No. 

' T"t No. 

Depth 

• io 

I H,i,ht.io 

:g I Wot" • ~ 
S Dry Density. pcf 

% 

LVoid Ratio 

~ IWot" • % 

e:ID'Y i.po' 

V". Eft. Co",. St"". p,i 

Shear Strength, psi 

Stcoio ot Foil,,,. % 

Strain Rote, 7./min 

i i : Gravity 

I liquid Limit 

• 50-52 It 

Thu. 23-APR-2009 12:12:49 

I P'oj,d No., 61: 31 

I Bo"o, No., Z· 

ISompl. Typ", 

ii, Too Silty Sood (SM) 

, ASTM C 

Phose calculations based on start and end of test. 

.. Saturation is set to 100% for phose colculotions. 

80 

('J 

ST4 

'461.1 

1.50- 52 It 

2.BB2 

5.947 

70.7 

51.69 

85.1 

2.2 

70.6 

57.64 

100.0 

1.87 

129.9 

14.99 

11.49 

14 

0.01 

0.95 

2.65 

74 

40 

fJ 

100 120 

.. 
ST4 

9461.3 . 

50- 52 It 

2.85 

5.984 

60.2 

63.91 

100.5 

1." 
5'A 

64.24 

100.0 

1.58 

140. 

59.99 

20.37 

2.51 

0 .01 

0.96 

2.65 

74 

40 

/ 
-
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

•• 
": 40 - ····A·· ................... . 
~ /~~--~----~ 

__ oj _. _ •••• _ ... ~ ••• _ ............ _ •• _._ •• ~ ••••••••••• 

~ 

t3 
~ 
a. 
~ 
~ 
w 
~ 20 ........... -----...... ' ........... : ............ , " ........... ' ........... , .......... . 
w 

o 

40 

5 o 15 
VERTICAL STRAIN, % 

c' := 2.61 psi 

¢ ' = 25 .7 

tan ¢' = OA8 

20 25 o 5 10 15 20 
VERTICAL STRAIN, " 

/ - , -................................................. __ ..... , ........................•.. __ .. __ ... _-_ ..... . . . ' 

/ 

20 .......................................... " .. ~. 4"":-~··············· 

:/ 

o 20 4D 

I. 

Description: Ton Silty 

60 
p', psi 

BD lDD 

" 

: Z-V3V5-B04, 50-52 ft Project No,: 6155080031 

Thu, 23-APR-2009 12:12:49 

25 

120 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

c = 7.23 psi 

" = 9 .5 

tan" = 0.17 
40 -... .. . . . .. . ... -... . .. " . ... . . ... . . .. . . ..... . ..• .. ... ... ..... ... _-_. ... •........ ... . ... . ... . ...•... ... . ...... . . ... . .. . . . . . .. . . . . ...... . . 

70 

60 

50 

40 

30 

20 

10 

0 

- ..- ' 

--;;.".",-~ .... . ..... .... .. ....................... .... .. ... ,. .. .. ..... ......... .. ..... . 

. -' :. -.-

o 20 40 60 80 100 120 
P. psi 

I '" " • No. ST4 ST4 

I T"t No. 9461.1 9461.3 

I O"th 50- 52 It 150- 52 It 

.. .... ..... .... ... . ·· 't'--- .. . .. .. ...... ; • ;0 2.882 2.85 

H';9ht, ;0 5.947 5.984 

11 
I Wot" ,% 70.7 60.2 

-........ .. , .. .. ... . ., -- -. ····· ·t· ··· ···· ··· I Dry Density. p,f 51.69 63.91 

,% 85 .1 100.5 0[ ' . · . . · . . Void Ratio 2.2 1.59 --- ... ~ ... -.... ... . ~ .... ..... .. ~ ... _----_ ... 
· . . · , . I Wot" , 7- 70.6 59,4 · . . · , . 

j 
· . . · . . · . . , . Dry Density, pet 57.64- 64-.24-, . · , . · . . - . ...... _--.. _-- ... ....... . _-_ ..•. _---------

,% 100.0 100.0 · . . 
• 

~. Void Ratio 1.87 1.58 f7 . 180,k Pc",., P'; 129.9 140. 
··········1········· ! ···········1············ v". Eft. c~"'. 5tc~", P'; 14.99 59 .99 

5h,oc P'; 11,49 20.37 
--·····"t··········· ~ . ·_--·· .... f -- ...... -. 

Stco;o ot Fo;!,,,, 7- 2.51 14 
• 

51m;0 Rot" "lm;o 0 .01 0.01 

0 .95 0.96 

0 5 10 15 20 Estimated Specific Gravity 2.65 2.65 
VERTIC.Al STRAIN, 7. Uqu;d Um;t 74 74 

Plo,t;, Um;t 40 40 

, Voul1, 3&5 yv v-; 50-52 It 
• Praject No.: 6155080031 

)18060, No .• ' . 
Sampl e Type: Undisturbed -' --' -' --' -- --

• Too 5;!ty 500d (5M) 

• A5TM 

calculo tions based on start and oed of test. 
Thu. 23-APR-2009 12:12:54-

'" Saturation is set to 1 007. for phose calculations. 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

........... ~ ........ --- ~. . . ... _.-i _. 

·-·-· .... ·-·r .. -····· ···~· ...... -

O~~--T--r~--~-r-, ~-+--.-~ 
o 5 10 15 

VERTICAl... STRAIN, ~ 

c ~ 7 .23 psi 

'" "" 9.5 
ton ¢> = 0.17 

20 

40 ...... __ ................ :' ...... ............ .... . , ... . 

25 

--- ~ ---........ -~----... _-_ . ,_........... . ... -------

r-_ ....... .. ~ ....... .... . 

o 5 10 15 20 25 
VERTICAL STRAIN, % 

-.-
-''';' . --.-

20 .---.--------- .... ..... . .............. ......... , ... .... ... .... ............... ~.:.:.;.~.:;> •. -,1'-"'---.......................... ..... .. ...... . 

o 20 40 60 80 100 120 
p. psi 

Sample No. No. iI 

: Tan Silty Sand (SM) 

Thu, 23-APR- 2009 12:12;54 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

150~~~~~~~~~~~~~~~~~~~~~~/~~~~~~~~1f 
Max. Obliquity 

c' = 0.95 psi 

1>' = 33.4 

, / , . , 
/i 

ton "" '" 0.66 
'/ 100 .... -- ......... -.- ... -................... -. ----....... --- ....... ........ ............ , .... __ ..... _- ................. -.---. --_. 

'/ 

/' 

", i 

/ 

/ 

50 . . ..................... : ......... "' .. ~o'.":. fr""' .. ,··················_-_· ._-_. __ ................ j .-.. . . - - .- •••••••• 

350 

300 

250 

200 

150 

100 -

50 

0 

o 50 100 

, , 

' , . . "' - "-~"""""": ··--------1 · · ···· -- --. 

..... .. ..... ~. ...... ·'t -----. --,-...... ---

, , ···········1'···········:······ "'T'" ...... 

... ..... + .......... , ............ ;.""' ..... 
, ' , , , , 
, , 

._ ..... _.- :-......... _-!"----- ---'---_ .. _-----I-

_ .. _-- .. __ . 
.. . "]" ~~ . ," .... 

0 5 10 15 20 
VERTICAl... STRAIN, • 

I , V"It, 3&5 

150 
p', psi 

No. 

Test No. 

O. pth 

Diameter, ;a 

I He;,ht, ;a 

I Wotee ,% 

~ ID'Y , ,pof 

; % 

I Vo;d Rot;o 

I Wat., , • 

j I Dry Density, pef 
. % 

Void Rotio 

18ack P,."" p'; 

Vee. Eft, Coa,. st"", P'; 

Sheoc , p'; 

~train ~t Failure, 70 

stco;' Rote, %1m;, 

Estimated Specific Gravity 

I Uq,;' Um't 

Plastic Limit 

20-22 It 

, No.' 11 

18oc'a9 Na" 

Sample Type: , 
; Bco" PO'''y Gcoded Saod with Clay 

ASTM 

Ph,," I based on start and end of test. 

200 250 

'" .. 
STl STl 

9476.1 9476 .2 

20- 22 It 120- 22 It 

2.802 2,B56 

6.034 6.035 

11-7 14.2 

104,9 102,6 

53.6 61.6 

0,57B 0,613 

20.0 19.7 

108. 1 108.7 

100.0 100.0 

0.531 0.522 

134. 124. 

9.999 20, 

55,6 41.65 

17 17 

0,05 0,05 

0,9' 0,95 

2.65 2,65 

31 31 

22 20 

~l ( ) 

['J 

STl 

9476.3 

20-22 It 

2.B78 

6,033 

12.4 

106.4 

59 . 1 

0,555 

19,4 

109.3 

100.0 

0.514 

110. 

40. 

73.B6 

17 

0,05 

0,97 

2,65 

31 

20 

( ) 

300 

Thu, 23-APR-2009 11 .16.55 
* Saturation is set to 1007. for phase calculations. 

, 
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CONSOLIDATED UNDRAINED TRIAXiAl TEST by ASTM 04767 

... .. ---_ .. ~ ..... .. ----; .. -.------ -. ~ .. ----_ ... . .. _-_ .. .. - -. -- --.. - ~ .... --

· . · . · . · . · . · . · . · . 

r---" .... -. 

10 15 20 25 a 5 10 15 20 25 
VERTlCAL STRAIN, % VERTICAL STRAIN, % 

150 1-~~~~~~~~~~~~~~~~"t~~~~~"f~~/~~~~~~~~~~ 
Max. Obliquity : ./ 

~ 
c' - 0 .95 psi 

¢' = 33.4 

tan ¢' := 0 .66 

100 

o 50 

No. Test No. 

No.: 

Thu, 23-APR~2009 11 ;16:55 

, / 

... ----_ ...... --- -. .... ~ .. . ----- -. ........... ... ;" -------------_ ........ . 

100 150 
p', psi 

By Test Date 

200 

By 

Type: Undisturbed 

250 300 

Test File 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

150 t;:.::;~~~~:;-~~~~~t-'-~~~~~r~~~~~~,,"-:-,-;:,.'-~~~~~~~~~t 

Max. Shear .:--' 

c = lB . l psi 

I/J '"' 31.1 

tan rp = 0 .60 

100 .. ... .. ............... _- : ...... .. . . 
1-

." i ................ /.,._- . 

50 ...... .. .......... . ..... :": , . .. :. ---_ ............... _._. ~ ....... . 

o 50 100 

300 

250 ---_.--..... ~ .... ------- ; .... --------~-------. ---

200 .......... : .. --_ ...... : ........... . 

150 , , , ...... ... _--.-_ ......... , .... ......... . .. 

100 

o 5 10 15 20 
VERTICAL STRAIN, :r. 

No.: 

, i 

150 
p, psi 

, ' 
Height. in 

Specific Gravity 

, 

-- ... ~ -._. - ...... ------------ _. --- ------_ ........... . 

200 250 300 

102.6 106.4 

0 .613 0.555 

OB.l 10B.7 

40, 

17 

2 .65 2.65 2.65 

~ 1( } 
Thu, 23- APR- 2009 11:17;07 

Phase calculations based on start ond end of test. 

• Saturation is set to 100% for phase calculations. 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

•• 
~ 

w 
~ 

" ~ ~ 
w 
~ 
~ 

~ 

::: 

o 

~ -20 .. ... . 
w 

o 

.. " ... ....... -~ .... ... .... -,----- .... --

5 10 15 20 25 
VERTICAl... STRAIN, X 

C =: 18.1 psi 

I/! = 31 .1 

ton", = 0 .60 

•• a. 100 
u; 
~ 
w 

~ 
~ 

~ 
Q 

,/ 

o 

.. ~ . -. - -.. -... ~ ......... ~. - ...... -.-.~-----..... . 

5 10 15 20 25 
VERTICAL STRAIN, % 

100 
/ . ----........... · __ ·····"r··· ---------..... --- .... ~ ............. :.: "." /.: ... "r-··· ···· ..... -... ... .. .. ................. , ...................... . 

50 ........ -----..... . 

o 

Thu. 23- APR- 2009 11; 17;08 

---"._ .-: ............ . 
/ 

50 

... j_ .... .... _-----_ ........ j .............. . 

100 

3&5 

150 
p, psi 

4/6/09 

Poorly Graded Sand Cloy (SP-SC) 

200 250 300 

9476 . 
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•• 
~ 

'" ~ w 

"' in 

"' 0 
~ 
~ 
Q 

CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

6aj-~~~~~~~~~-L~~~~-L~~~t"-L~~~~~~~~~~/~.<t,+-~~-L~"l~ 
User Spec. ".. 

c' :=: 2.08 psi __ '" 

rf = 29.6 

ton 1jJ' = 0.57 

40 

20 

a 20 40 

50 --_ ........ . 

:t=¥---i-, ........... . 

, , 

30 
, , 

----.1.· . ·······T········--1. 

20 ............... ··· .. -l .... ·-· .... · ~-·--···· 

10 ... _----------_ ... _-----_ ... , ' , , , , , , , , , , , , , , , , , , , , , , , , , , , 
a , , ............. .......... -.' ...... .. . , , , , 

a 5 10 15 20 
VERTIC.AJ... STRAIN, % 

37-39 ft 

ASTM 04767-04 

/ 

/ .. _ .. ~ ....... ,r:: .. 
/ 

: .... ' 

/ ' / 1 

.:--
/ ' 

· __________ ······ ·1-____ ····· •·....... . • __ ..... _________ ...... . 

Test No. 

60 
p', psi 

, in 

Content, % 

% 

Content, % 

• 

, i 

Plastic Limit 

80 100 120 

9478. 1 9478.2 9478.3 

2.881 2.874 

16.2 18.8 28.8 

21 21 

( ) UlJ 
Thu, 23-APR-2009 12:06:44 

Phose calculations based on start and end of test. 

• Saturation is set to 100% for phose calculations. 
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'. ~ 20 
W 
oc 
~ 

:;: 
w 
oc 
~ 

~ 
~ 
w 
~ 0 
w 

o 

CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

.......... ~ ... 

·········T······· .. r-· 

5 10 15 20 
VERTiCAl STRAIN, % 

c· =: 2.08 psi 

l ' =: 29 .6 

tan "'. =: 0.57 

·· ··--·f·······c .. oo .. ·,.' _ ................ . 

·········-r·· ···---- ·.···········-:-·--··.···-T·······._ .. 
, " 

25 

40 ...................... . ~- ........ ------ ......... ~-- ........... --.----.. -- ~.- ---.~..::: ............. ~ ........................... -.................... . 

: -->--/ ' : 

20 

o 20 40 

37-39 ft 

Vaults 3&5 

Thu, 23- APR-2009 12:06:44 

........................................... ·· .. ·1 .. .................... . 

60 
p', psi 

4/7/09 

80 

It 

100 120 

9478.1o_2583.dot 

No.: 6155080031 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

40 

c = 19.5 psi 

~ = 8.0 

tan <p = 0.14 

..... .. ... .... .. _--_ .... : ... .. _-. 

____ -to 

20 . . _ •. .,..·.7.: ...... .............. . 

a 
a 20 

60 

50 .. '.-.-.-_ . . - - _ ...... ~.-

.. ----- .--~ ... _._ ..... ~ .. _._------.1-.-----
, , , , , , , , , , , , , , , , , , , , , , , 

40 

, , , 
10 . ·-·-·-··· ~·-·· ........ r .. · ........ ~ · · ·-·-- ····· 

, , , , 

, , a --.. .. __ .... , ......... . : ........ -... ~ -.-. -..... . 

a 5 10 15 20 
VERTICAL STRAIN, :::; 

No.: 

60 
p, psi 

pof 

Specific 

Thu, 23-APR-2009 12:10:28 
Phase calculations based on stort and end of test. 

, Saturotion is set to 100% for phase calculations. 

. ....... -----, ............ -... -. -""f, " .................... . 
-,--.--

80 

, -' - ,- - . ..;..--

100 

'" " 
9478. , 9478 .2 

0.681 

0.583 

20, 40, 

17 16.9 

21 21 

120 

9478.3 

2.874 

0.777 

59.99 

3.08 

'---' 
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CONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM 04767 

•• ~ 50 ........... •. . ... _ .. ~ ...... _.'_' ... ""i _ ...... _____ .... __ 

o 

.... __ ................ ,........... . -_ ... .•....... _---

5 10 15 

VERTICAL STRAIN, % 

c ... 19.5 psi 

I/J = B.O 

ton ~ = 0 .14 

20 25 

~-

~ 
~ 

~ 
C5 0 .... .. . . ....... . 
Q 

o 5 10 15 20 25 
VERTICAL STRAIN , % 

40 ...... ----. --_. _ .. ..... "!, .... _._ ....... ---_ ...... , ........... _._ ....... . _. _ ...... _---_. _ .. _. _ .... - ~. --_ ...... -_ ... -----_ .. -~ ------ .. ------~ -." ~"-' 

.-' -.-. _. -f' 
. ~ ---a. ___ - - -

a 

-.-20 ..• _.0"<".'.'=" ___________ : ____ ...... . 

o 20 40 60 80 100 120 

p. psi 

Sample No. Test No. By Check Test File 

No.: Z-V3V5-BOl Sample 

Thu, 2J- APR-2009 12: 1 0:28 
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o 

~ 

0.56 .............. . ---.-..... . 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

-f- "f-' -....... -.-

: : 

0.54 ·····r-·~·r"·········· --· f -------·----r·· -f··H--- ···· 

: : 

0.52 .... . .. . .......... -.. : .. --.~.--- .... -------.-.--~.-- ..... .... ,. , , 
! ! ·T j···--······ .. j ........ !. ...... . 

! ; 
0,50 +---i--i--i-+-+-+-rii---+--i-+--i-i-+-i-T+----i--i--i-+-i--i--ri+ 

100 1000 10000 100000 
VERTICAl... STRESS, psf 

10' ,c------~--~~_c~~_c~----_c--~--c-~c+_cHC------~--c-~_c~~_c~ 

: : 

, , l::j'::J,-,,~i-+--~a ---- .-- ....... -.. --... ~.--.- ....... -- -- --:--;, ... ----....... r ........ ~, ..... ; ... -~- .. ;.... -- .. ,.-- .. --- ·c----- ..... -
f : 

, , , , 

! ! 

"""""""T''''i ';'---i-+""" .. " ....... .. " ..... ; . . . J"", _ L.~ .. ;. ! ! ' 

100 1000 10000 
VERTICAL STRESS, psf 

"n-r 

100000 

: Saltstone Z- V3V5 - 804, 30- 32 Project No.: 60550800,3 1 

No.: 

Thu, 23-APR-2009 10:32:41 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 

O .60~----~---7--~~-7~~----~--~-7-+~~~~----+---~~~+-~~ 

: : 

0.58 ....... __ ._ ............ _ ........ " .... , ... J . .l._ ..... , ··· ·-··t·-·- .. . . _+ ..•.. ) .... ... ~ .. ...... ~ .. . . ... ~ 
! 

0.56 . ~- .; ............... ~ ........ : ..... ~.-.. ···l··~·~··:·~ · ········ .. ··-~ .. ··-···l·· .. ~ .... ; .. . 
, ,' , . 
" ',' , i i 

i: 

: : 
~ , ......... ... : .. ----.. : ... --: ...... L : . · .:. r····· -- · - · ·- .·· ·· · · ··:· · --· : ····~·- · .. ; .. ; -:.. 0.54 -. -.. 

, , , , , , , , , , , , 

0.52 .............. '----- ... ]" ----~---- --- --T---, : .............. , .. -, ..... .... ,. .... .. .........•...... -. 
, , , , , , , , , , , , , , , , , , 
, ' , ' , ' , ' 

0.50 ~------+---+--i-;--;-+-ri+------i---+--+--i--i-+-i-+i~----+---i--+--i-+-f--i-++-
'00 1000 10000 100000 

VERTICAL STRESS, psf 

Before Test After Test 

Overburden Pressure: 0 psf Water Content, ~ 15.78 16.16 

Preconsolidotion Pressure: a psf Dry Unit Weight, pet 106.4 110.2 

Compression Index; 0 Saturation, ~ 74.32 84.10 

Diometer: 2.499 in Height: 1.003 in Void Ratio 0.57 0.51 

LL: 39 I PL: 22 PI: 17 I GS, 2.67 

Location: 

No.: ST2 

: ASTM 02435- 04 

Thu, 23- APR- 2009 10:32:42 
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1 

" z 2 

~ 

3 -----.........•........ ........... -

100 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

... : ..... ~ .... , ··:· - T·~··:·~······· · ·· ··· -

. "........ .. 

------- ----- - ...... --..:.- '" 

• • d. -: ~ .... . .... _ .. .. _ •• ...•..•.. •. , .... , .. . 

i ! 
. +. ~ .. '. 

1000 10000 100000 
VERTICAl STRESS, psf 

10' ,r------e---e_~_C~~~~----~--~-cc_~c+~H"------e---c_~_C~~~~ 

--·f .. -- · ·· ~ ·····f· .. ·;·--,··:· '. . • I ~ 

"!!,';' 
1 0-

1 

+ ___ +-_+_~~~~~-~~~~~'_._ .. _ .. _ .. _.+ .. _ .. _. _'~'1~"_'~' ~·_·~<·_·+1_·1~··+1 ~· '~- ~_··_··_··_··_··_··_··~.;-_··_· ._ .. ~.:_ .. _ .. _<~ .. _ .. +:._ .. ~._.l~.+< ~. ;~. _ 

~ 101 -: • • •••••• 

~ 

~ 
S -

--.. .. ~" ... -- .... .. . . . - .': .. : 
i i 

,; 
u 100 -: ••••••••••••. , ••• 

100 1000 10000 100000 
VERTICAL. STRESS, psf 

N/A 

Tl1u, 23-APR-2009 10:32:52 
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.............. ........ --- --,._--.-

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

•.. .... ~-. -- . ....... .. '.-------. i ' 
i : ..... ; ..... ···~ --f--··: · ~ ..... --........ -.--

: : 

, . 

i ! . 

..•..... -~ . . . . 

2 ....... . .. .... .. .. ---- ----T·· i···i - ·t· ~· -f- !----··-------- i--- ·---:··-·-l-· ··~·· · ;--t- '·· i ·r·· · ···· - ·· "- .... .. ..... , .-~.~ .. :. 
' . .' . ' . . ' . : : : . ' : 

: : 

3 

4 .... -............... . ... . ~ ... - ...•. +.~--,.~ ... --......... ~ ........ ,-.... , ... -.--- : - . ~ .. , .. :., ... --....... ~. 

': . : : : 
., ' --..:---. ,-

: : : . . . . . . 

100 1000 10000 100000 
VERTICAl... STRESS, psf 

Before Test After Test 

Overburden Pressure: 0 pSf Water Content, % 15.78 16.16 

Preconsolidotion Pressure: a psf Dry Unit Weight, pet 106.4 110.2 

Compression Index: 0 Saturation, % 74.32 8~ . 10 

Diameter: 2 .499 in Height: 1.003 in Void Ratio 0.57 0.51 

LL: 39 I PL: 22 PI: 17 I GS; 2.67 

Project No.: 

Test No.: 9459 Sample Type: 

Thu, 23-APR-2009 10:32:52 
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Project ; Saltstone vault 3&5 
Boring No.; Z-V3V5-B04 
Sample No.: ST2 
Test No.; 9459 

Soil Description: Brown Poorly Graded 
Remarks: ASTM 02435-0 4 

Applied rina1 
Stress Displacement 

P" io 

1 200 0.005046 
2 500 0.009421 
3 le+003 0.01283 

• 2e+003 0.01882 
5 4e+003 0 . 02373 
6 8e+003 0 . 03076 
7 1 . 6e+004 0 . 03886 
8 8e+003 0.03844 
9 4e+003 0.03647 

10 le+003 0.03451 

CONSOLIDATION TEST DATA 

Location: Z-V3V5-B04, 30-32 ft 
Tested By: JW 
Test Date; 3/25/09 
Sample Type: Undisturbed 

Sa nd with Clay (SP-SC) 

Void St rain T50 ritting 
Ratio " 'od Sq .Rt. Lo, 

• mio mio 

0.559 0.50 0.2 0.2 
0.552 0 . 94 0.5 0.0 
0.547 1.28 0.' 0 . 0 
0.538 1.88 1.3 0 . 0 
0.530 2.37 0.1 0 .1 
0.519 3.07 0.0 0.1 
0 . 506 3.87 0.0 0.0 
0.507 3.83 0.0 0.0 
0 . 510 3 . 64 0.0 0 . 0 
0.513 3.44 0.1 0.0 

Project No.: 6055080031 
Checked By: 
Depth ; 30-32 tt 
Elevation: N/A 

Coefficient ot Consolidation 
Sq.Rt. Lo, Ave. 

tt"2/day tt"2/day tt"2/day 

2.33e+000 3.14e+000 2 .67e+000 
8. 98e-00l O. OOe+OOO 8 . 98e-00l 
1.10e+000 O.OOe+OOO 1 .10e+000 
3.57e-00l O.OOe+OOO 3 . 57e-00l 
6 .36e+000 6 . 8ge+000 6 . 62e+000 
9 . 92e+000 8 . 71e+000 9 . 28e+000 
1. 12e+001 1 . 0ge+001 1.lle+00l 
1.41e+00l O. OOe+OOO 1 . 41e+00l 
1 . 12e+001 O.OOe+OOO 1.12e+OOl 
8 . 21e+OOO O.OOe+OOO 8 .21e+OOO 
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5 

.. 
z 10 

~ 
• --. _ ••••• _ • • - --.- ---.~..... ''''p-, , , , 

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

100 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

, ' 

: : 
: : 

i ! 
. :.;----.--... -... ~ - .. -.. ..... . " " .~ .. :.i ...... __ . ___ ...... __ .... __ . . : : 

i i 
: : , , , ' 

.. : ... .;. ..... . , i -- . ••• : ••.. .. -. ..... , .......... -: .• "7 .'- ._--_._ ---- •.•.... · . . . · .. . · .. . 

. : -: -----_ ....... -~.-_ ..... i·· --- ~ ---. 

1000 10000 
VERTICAl... STRESS, psf 

-,- -- -·,·~··i· 

... ..: .. ~ --:--

100000 

10' ~------c---"-~-"~~~'-----~--~-cc-~~~'~ '------c---c-~_C~~_C~ : : 

Lliill------r~: , ' 

i : 
: : 
: : - ____ __ __, ___~,.+,_ ___,..,]HH -, .. ........... -+-~.- ;. 

i i . 

10-'~------'---+-~-+~~~T------+--~--~'-+-+~~'~1 +!----__ ,-__ +-~-+~~~+-
100 1000 10000 100000 

VERTICAl... STRESS, psf 

No.: 6155080031 

Test No.: 9461 Type: 

Thu, 2J-APR-2009 10:57:09 
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" z 

~ 

5 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

..... -- .. ~ .. . --:-_., .. ---_ .......... , ......•...... - . :'.-.~-. , , ~ .~. -... -. . . . ' . . . . . . 

10 --..... -...... ~ ....... -. ----i-- ··~· --. .:.., .: - ~ - .. --

15 

20 ....... __ . __ ..•........ 

.. . ~. - .. , .... ~- -'" 

25~----+-~--~-++4~----~--+-~+-~~~---4--~-+-+4-~~ 
100 1000 10000 100000 

VERnCAI... STRESS, psf 

Before Test After Test 

civerburden Pressure; 0 psf Water Content, r. 50.34 44.43 

Preconsolidotion Pressure: o psf Dry Unit Weight, pcf 69,08 76.42 

Compression Index: 0 Saturation, % 94.37 99.49 

Diame ter: 2.5 in Height: 1.006 in Void Ratio 1.44 1.21 

LL 74 I PL, 40 PI: 34 I G5, 2.70 

Project $altstone 3&5 Z-VJV5-804 No.: 

Sample No.: ST4 

j i 

Thu, 2J-APR-2009 10:57:09 
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Q 

~ 
o 

~ 

" u 
"-

1.4 ---- ........ ..•........ 

1.3 .... ........ ... .... . . 

1.2 .-............ ~-............ ~ ...... . 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

... t· :'--_ ........ --~-- - ..... : .. ... J. ... i·· --..:..-~- - .~..... . ... ... ........ . .. - . 
.,i .,i .,i ("'r 

! ! 
: i 

. -.--:----~-... "' .. ~ . 

1000 10000 100000 
VERTICAL STRESS, psf 

10' cr------~--~~-c~~~~-----c--~--c-~~~~------~--c_~_c~~~~ 
tit,,' :',' 
: : D-SU---!, ~ntN· · , . .' .' : : : : 

N 10' 
~ 

t! 
-~.- -,. , -.. ----.--. .. ~ ....... -..... , _.- ... : .. 

: : - .. :-: .. _-_ ............. ... . . ... ~ .... ~... .. -~ -'-

,; 
u 

100 

Thu, 2J-APR-2009 10:57:15 

1000 

Project: 

10000 100000 
VERTICAl... STRESS, pSf 

No.: 6155080031 

50-52 
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1.5 

1.4 . -- .......... ; ........ ; ..... ; ... . . . . . 

1.3 ---. --. .. . . . . ~ ........ ~ .....•..... . 

: : 

1.2 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

-:-+ : .............. . .. ...... ..:.. 

.~ .. , ':'~"" "" '--" ' : "" ---" ... --~ .. -. ' .. : .. -:.-~-... : ... . ---.-. .... . . .. . . .. 

· . ..,.. . t .~ ----... -----.. . ...... T·····'··· •. "" .. r'" -:- "r" ........... .. . ... · .. ·t .... -.... . 
· . · . · . · . · . · . · . 

.. : .... · . . ...... ]"" ... , ..... -';'"7""" - ........ -_ . . .... --- : . .... ~ .... ; .. . . .: .. ~ .. ; . 

· . · . · . 

1.1 ~-----+--~~~~~+++-----~--+-~-+~++~------+---r-~-r+-~~ 
100 1000 10000 100000 

VERnCAL STRESS, psf 

Before Test After Tes t 

Overburden Pressure: a psf Water Content, % 50.34 4 4.43 

Preconsolido tion Pressure : o psf Dry Unit Weight, p" 69 .08 76 .42 

Compressio n Index: 0 Sa turation, % 9 4 .37 99 .4-9 

Diameter: 2.5 in Height: 1.006 in Void Ratio 1.44 1.21 

LL: 74 I PL, 40 PI; .34 I GS, 2 .70 

Project; 

Thu. 23- APR- 2009 10;57;16 
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Project: Saltstone Vaults 3&5 
Boring No.: Z-V3V5-B04 
Sample No.: ST4 
Test No . : 9461 

Soil Description; Tan Clayey Sand (SM) 
Remarks: ASTM 02435-04 

Applied Fina l 
Stress Displacement 

P" io 

1 200 0.006318 
2 500 0.01514 
3 le+003 0.0225 
• 2e+003 0 . 03303 
5 4e +003 0.04721 
6 Se+003 0.06933 
7 1. 6e+004 0.1272 
8 Se +003 0.1229 
9 4e+003 0.1147 

10 le+003 0.09666 

CONSOLIDATION TEST DATA 

Location: Z-V3V5-B04 
Tested By: JW 
Test Date: 3/25/09 
Sample Type; Undisturbed 

Void Strain '" Ratio at End Sq.Rt. 

• mio 

1. 425 0.63 0.3 
1. 403 1. 51 0.2 
1.386 2.24 0.2 
1.360 3 . 28 0.1 
1. 326 4.69 0.1 
1.272 6.89 0.1 
1.132 12.65 0.' 
1.142 12.21 0 . 1 
1.162 11.40 0 . 3 
1. 206 9.61 1.0 

Fitting 
Log 
mio 

0 . 0 
0.0 
0.0 
0.1 
0 . 1 
0.1 
0 .3 
0 .0 
0.2 
0.9 

Pro ject No .: 6155080031 
Checked By: 
Depth: 50-52 ft 
Elevation: N/A 

Coefficient of Consolidation 
Sq.Rt. Log Ave . 

ft"2/day ft"2/day ft"2/day 

1.67e+000 O.OOe+OOO 1.67e+000 
2.80e+000 O.OOe+OOO 2.80e+000 
2. 63e+000 O.OOe+OOO 2.63e+000 
3 . 1Se+000 3 . 91e+000 3.50e+000 
4.S2e+000 4.95e+000 4.8Se+000 
4 . 55e+000 5.1ge+000 4 . 85 e+000 
9.7ge - 001 1.62e+000 1.22e+000 
3 . 42e+000 O.OOe+OOO 3.42e+000 
1.42e+OOO 2 . 2ge+000 1. 75e+000 
3.97e-001 4.40e-001 4 . 17e-001 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 

°r~~m0~TnTIm·'··~~mm : j 
! : : : 

,Il~ i.I ...... . ····· .. 1·······:··· · . 5 .............. ~ ... ..... : ..... ~. 

j j 

: : 
: : 

. . i .. : .............. , .... . .L ...... + ..... : .... " ._.~ ____ " 
j : 

i : 

" z 10 ... _ .......... : ...•••• L .... ; .... ~ .. 

~ 
·.i .. )L ....... . ..L i .... 

! : 

: : : ': -: -_ ............ j ....... -:- ... . ~ .... ',: ... ,,;.. '~":' " ............ '1-······· .. . 
. . ! ! ! 

,
[ ,i i 

15 ....... --.....•.. --.... ; ... --•.......... .:.. : : :! : · . · . 

... .;. .... . 
: ; 

1,,: l,,' l j 
20 f---~~~-r~~++r----+--;-~~~~-----r--~+-~~+r 

100 1000 10000 100000 
VERTICAl. STRESS. psf 

: : --, ..... i : .[. j.......... .: ..... 1 ... o.., ..• 1' ......... . 

,O-l~----__ "-__ ~~~~+;~!~Ir-----~--~~--~ __ ~~----~"---r-~-r~+;~~ 
100 1000 

, Test No. : 9462 

Thu, 2.3-APR-2009 10:57:47 

VERTICAl STRESS, psf 

Sample Type: 

iI 

10000 100000 

: N/A 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 

O~==f=R::t:tIll---n-mm' r-' -n-mmt j i l : : 
! I 

5 

: ; 
: : . , 

.... L ...... .i .... i .... ~ ... ~ .... ~.i.~ ............ . 
: i. : : . 

i I: 
10 ....... _-_ .... ------. ······--rj··L--.]""" ..... __ . 
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100 1000 10000 100000 
VERTICAL STRESS, psf 

Before Test After Test 

Overburden Pressure: 0 psf Water Content, X 64.28 63.40 

Preconsolidation Pressure: 0 psf Ory Unit Weight. pcf 56.49 6 1.98 

Compression Index; 0 Saturation, " 87.49 99.54 

Diameter: 2.5 in Height: 1.007 in Void Ratio 1.98 1.72 

LL: 128 I PL, 5' PI: 74- I GS, 2.70 

No.: ST5 Date: 

Thu, 23-APR-2009 10:57:47 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 

VERnCAL STRESS, psf 

Tested By: JW 

Test No.: 9462 Type: Undisturbed Elevation: 

iI 

Thu, 23-APR-2009 10:57:55 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
VERTICAL STRESS, psf 

Before Test After Test 

Overburden Pressure: 0 psf Water Content, % 64.28 63 .40 

Preconsolidation Pressure: 0 psf Dry Unit Weight, pet 56.49 61.98 

Compression Index: 0 Saturation, % 87.4-9 99.54-

Diameter: 2.5 in Heig l'l t: 1.007 in Void Rotio 1.98 1.72 

LL: 128 I PL: 54 PI: 74 I GS: 2.70 

Somple No.: ST5 Dote: J/25/09 

d 

Tl'lu, 23- APR- 2009 10:57:55 
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Froject: Sa!tstone Vaults 3&5 
Boring No. : Z-V3V5-B04 
Sample No .: ST5 
Test No.: 9462 

Soil Oescription: Yellowish Brown 
Remarks: ASTM 02435 - 04 

Applied Final 
Stress Displacement 

p.f in 

1 200 0 . 003401 
2 500 0.009868 
3 le+003 0 . 01745 
4 2e+003 0 . 02967 
5 4e+003 0.05323 
6 8e+003 0.09112 , 1.6e+004 0.1418 
8 8e+003 0.1308 
9 4e+003 0.1172 

10 1e+003 0.08914 

CONSOLIDATION TEST DATA 

Location: z - V3V5- B04, 55- 57 ft 
Tested By : JW 
Test Oate: 3/25/09 
Sample Type : Undisturbed 

Elas tic Silt with Sand IMHI 

Void Strain T50 Fitting 
Ratio " End Sq . Rt. Log 

• min min 

1 . 974 0.34 0.2 0.0 
1. 954 0.98 0.8 0.2 
1.932 1. 73 0.2 0.2 
1.896 2.95 0.1 0 . 1 
1.826 5.29 0.2 0.2 
1.714 9 . 05 0 . 1 0.1 
1. 563 14 . 08 0 . 6 0 . 1 
1. 596 12.99 0.9 0.0 
1. 636 11.64 3 . 1 0 . 0 
1 . 720 8 . 85 3.3 0.0 

Project No . : 6155080031 
Checked By : 
Oepth: 55-57 it 
Elevation: N/A 

Coefficient of Cons olidation 
Sq.Rt. Log Ave. 

ft"2/day ft"2/day ft"2/day 

2 . 41e+000 O. OOe+OOO 2.41e+000 
6.51e-001 2.92e+000 1.06e+000 
3 . 03e+000 3 . 03e+000 3 . 03e+000 
3.22e+000 3.66e+000 3 . 43e+000 
3 . 02e+000 2 . 93e+000 2 . 98e+000 
3 . 16e+000 3.55e+000 3.3 4e+000 
6 . 23e-001 2 . 86e+000 1.02e+000 
4.04e-00l O.OOe+OOO 4.04e-001 
1.23e- 001 O.OOe+OOO 1.23e~001 

1 . 21e-001 O.OOe+OOO 1 . 21e~001 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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VERnCAL STRESS, pst 

3&5 

Sample No.: ST6 Dote: 3/25/09 

i i Tan il Sand (SM) 

Thu, 2J-APR-2009 10:59:51 
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2 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
VERTICAl... STRESS, psf 

Before Test After Test 

Overburden Pressure: 0 pSf Water Content, % 29.76 26.58 

Preconsolidotion Pressure : a psf Dry Unit Weight, pef 91.37 96.26 

Compression Index: 0 Saturation , % 97.28 98.01 

Diameter: 2.499 ;0 Height: 1.009 in Void Ratio 0 .81 0.72 

LL: --- I PL, --- PI: - - - I GS, 2.65 

Project: Saltstone 3&5 , 84-86 No.: 6155080031 

ASTM 

Thu, 23-APR-2009 10:59:51 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
VERTICAL STRESS, psf 

Project: , 64-86 Project No.: 6155080031 

,I 

02435- 04 

Thu, 23-APR-20Q9 11 :00:03 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
VERTICAl... STRESS, psf 

Before Test After Test 

Overburden Pressure: a psf Water Content, 7. 29.76 26.58 

Preconsolidotion Pressure: 0 psf Dry Unit Weight, pet 91.37 96.26 

Compression Index: a Solurutiufl , % 97.28 98.01 

Diameter: 2.499 in Height: 1.009 in Void Ratio 0.81 0.72 

LL: --- I PL, --- PI: --- I GS: 2.65 

: Ton Sil ty Sand 

Thu. 23-APR-2009 11 :00:03 
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Project: Sal tstone Vaults 3&5 
Boring No.: Z-V3V5-B04 
Sample No.: ST6 
Tes t No.: 9463 

Soil Description: Tan Silty Sand (SM) 
Remarks: ASTM 02435-04 

Applied Final 
Stress Dis placement 

p o ' in 

1 200 0 . 009773 
2 SOO 0 . 01852 
3 1e+003 0.02155 
4 2e+003 0 . 02872 
5 4e+003 0.03811 
6 8e+003 0.04734 
7 1 . 6e+004 0.06209 , 8e+003 0.06032 , 4e+003 0.05799 

10 1e+003 0.0512 

CONSOLIDATION TEST DATA 

Location: Z-V3V5-B04, 84-66 tt 
Tested By : JW 
Test Date: 3/25/09 
Sample Type: Undisturbed 

Void Strain T50 Fitting 
Ratio at End Sq.Rt. Log 

t min min 

0.793 0.97 0.3 0.0 
0.777 1. 84 0.2 0 . 2 
0.772 2.14 0.1 0.1 
0.759 2.85 0.1 0.1 
0.742 3.78 0.1 0.1 
0 . 726 .4.69 0 .1 0.1 
0.699 6 .15 0.1 0.1 
0.702 5.98 0.0 0 . 0 
0.706 5.75 0 . 0 0 . 0 
0.719 5 . 07 0.1 0.1 

Project No .: 6155080031 
Checked By: 
Depth: 84 - 66 tt 
Elevation: N/A 

Coetticient of Consolidation 
Sq.Rt. Log Ave. 

tt"2/day tt"2/da y ft"2/day 

1 . 74e+000 O.OOe+OOO 1.74e+000 
2.92e+000 3.17e+000 3.04e+000 
3 . 4ge+000 3.4le+000 3.45e+000 
4 . 95e+000 4.67e+000 4.60e+000 
4.53e+000 6.51e+000 5.34e+000 
6.72e+000 7.05e+000 6 . 88e+000 
7.7ge+000 8.5Be+000 8.17e+000 
1.27e+001 O.OOe+OOO 1.27e+001 
9 . 50e+000 O.OOe+OOO 9.50e+000 
5 . 0Be+000 7.10e+000 5 . 93e+000 
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....................... ~ ....... . -~--

6 -_ ...... __ ._-- ,--------j--.--~.-.. 

'00 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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VERTICAl... STRESS, psf 

Tested JW 

N/A 

Description: Brown 

Thu, 23-APR-2009 10:58:22 



K-CLC-Z-00013, Rev. 0 Page 229

B-230

CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
VERTICAL STRESS, psf 

Before Test After Test 

Overburden Pre ssure; 0 psf Water Content, % 13.29 22.42 

Preconsol idation Pressure: 0 psf Dry Unit Weight, pcf 94.41 98.73 

Compression Index; a Saturation, % 46.81 87 .92 

Diameter: 2.499 in Height: 1.003 in Void Ratio 0.75 0.68 

LL: NP I PL, NP PI: NP 1 GS, 2.65 

ft No.: 

Test No.: 9479 Type: Undisturbed Eleva tion: N/A 

i i 

Thv. 23-APR-2009 10:58:22 
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" 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

0.85 +-----+-~-f-'--"--<-+-'+-----!---+-~--!-~+-'~!cJi'---+--~-+--+-+-'-+-+ 

i ! 

... -......... ~. -·~···j·- .:. ·r·:· i· ..... ....... ............ . 
: : . . . , , , , , , , , , , , , 

... ; ..... -:-+; . 0.80 ..... __ .................... -- . -- - . .:. -. -: .•..... -

',,: :,,: : i 
: : 

r2 0.75 
! ! ._" ......... -.... . -... _, "j": ~ ... . , , ...... ,· .... t····:· .. ·r·· .. :.:- ~ ..................... . ..; .. ,._-

a 

~ 

0 .70 iT 
: : 

..... l ____ ... , ... 

. ! i, : : 

: i 

, j' ----r~4_lJJJJ.:::::::",., 
i i 

....•... ' .. 

0.65 +----+---i---i-ii--+--i-++, +' ----i---+-i-i--i--++-i+-----+---i---i--+--+++++_ 

,; 
o 

100 

100 

Thu, 23-APR-2009 10:58:31 

1000 

1000 

Vault 3&5 

02435- 04 

10000 100000 
VERTICAL STRESS, psf 

10000 100000 
VERTICAl... STRESS, psf 

Test 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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100 1000 10000 100000 
vERnCAL STRESS. psf 

Before Test After Test 

Overburden Pressure: a psf Water Content, ,. 13.29 22.42 

Preconsolidation Pressure : a pst Dry Unit Weight. pc t 94.41 98.73 

Compression Index: a Saluration, ,. 46.61 67 .92 

Diameter: 2.499 in Height: 1.003 in Void Ratio 0.75 0 .68 

ll: NP I pc, NP PI; NP I GS, 2.65 

Project: Soltstone Vaul t 3&5 lob "Location: Z-V3V5- 801, 50 -52 ft Project No. : 6055080031 

Boring No.: Z-V3V5-80 1 Tested By: JW Checked By: ~ q 

·~~fnS;~l 
Sample No.: ST4 Test Dote: 4/3/09 Depth: 50 52 ft 

Test No.: 9479 Sample Type: Undis turbed Elevation: N/A 

Description: Brown Poorly Graded Sand (SP) 

Remarks: ASTM 02435-04 

Thu, 23-APR-2009 10:58:31 
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Project: Saltstone Vaul t 3&5 Lab T 
Boring No.: Z- V3V5-BOl 
Sample No.: ST 4 
Test No.: 9479 

CONSOLIDATION TEST DATA 

Location : Z-V3V5 - BOl, 50-52 ft 
Tested By : JW 
Test Date: 4/3/09 
Sample Type : Undisturbed 

Soil Description: Brown Poorly Graded Sand (SP) 
Remarks : ASTM 02435-04 

Applied Final Voi d Strain T50 Fitting 
Stress Displacement Ratio at End Sq.Rt. Log p.' in • min min 

1 200 0.00542 0 . 743 0.54 0.2 0.1 
2 500 0.01204. 0.731 1. 20 0.2 0 . 0 
3 le+003 0.01742 0.722 1. 74 0 . 1 0 . 1 
4 2e+003 0.0235 0 . 711 2.34 0.1 0.1 
5 4.e+003 0.03066 0.699 3.06 0.1 0.1 
6 6e+OO3 0.03848 0.685 3.64 0.1 0.1 , 1.6e+004 0 . 04883 0 . 667 4.87 0.1 0.0 , 8e+003 0.0478 0.669 4.77 0.0 0.0 , 4e+003 0.04677 0.611 4.66 0.0 0.0 

10 le+003 0.04383 0.676 4 . 37 0 . 1 0 .1 

Project No.: 6055060031 
Checked By : 
Depth: 50 - 52 n 
Elevation: N/A 

Coefficient of Consol i dation 
Sq.Rt . Log Ave. 

ft A 2/da y n A 2/day n A 2/day 

2.06e+000 3 . 32e+000 2.54e+000 
2.7ge+000 O.OOe+OOO 2.7ge+000 
3.64e+000 3.88e+000 3.76e+000 
5.00e+000 4.9ge+000 5.00e+OOO 
5.41e+000 6.61e+000 6.03e+OOO 
8.11e+000 8.4.2e+OOO 6.26e+000 
B.96e+OOO 1.12e+00l 9.97e+OOO 
1 . 33e+00l O.OOe+OOO 1.33e+OOl 
9 . 70e+000. O.OOe+OOO 9.70e+000 
7.68e+00O 8 . 78e+000 8.20e+000 
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CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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VERnCAI... STRESS, psf 
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: : 
: i 

>. 10' -: ........... .. .L. ...... _ .. _. L ... ~ . .. , •. ~ ...... ,:- .!,:.-l,: -.---------... f ....... +.-... ~ .... ~ ... ~ -... : i 
'-Nil .! .! .1 . i i 
~ .f ,i . 1 '. i i 
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, ! ! 

.... :.t. -
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" 

: : 
100 1000 10000 100000 

VERTIC.4J.. STRESS, psf 

No.: 9 480 N/A 

Thu, 23-APR-2009 10;59;0 1 
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~:i . . . . . . 
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_ .... ........ - ~ ----.. -.~.---.. .. .. 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

i j 
-- .. ...:..~ ."' ......... ; .. [.:. r··· ······ __ ·_-
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: : : : 
2 ---- ····· -----1------- ·, _, . _~.; .. LL 

: : -, _. · .... : ···· ·-···· ·· ··'·· 7·~·-~·j······-- ---
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3 .. _-_ ........ . , --------,---_ .... . .... , .... .;.. •........... __ .; ... __ ... :.._---, ... " .. ,.,;-
, : .: +.: ..... 

: : 
..... -~ ...... .. : ..... -... . ..,. --:--~.. . ~ ....... --_ ... . .., ....... ,.. .:. 

5~----+-~--~-+~~-----r--+-;-+-rr++r_--~---r-+-r+-~H_ 

100 1000 10000 100000 
VERTICAl... STRESS, psf 

Before Test After Test 

Overburden Pressure : 0 psf Water Content, :; 17.91 19.80 

Preconsolidotion Pressure: 0 psf Dry Unit Weight, pcf 103.5 106.7 

Compression Index: a Saturation , % 79.27 9:;.42 

Diameter: 2.5 in Height: 1.008 in Void Ratio 0.60 0.55 

LL: NP I PL: NP PI: NP I GS: 2.65 

By: JW Checked By: 

N/A 

Thu. 23- APR- 2009 10:59:01 
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o 
<= 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 
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: i .:' l' . i l i i "T" "1"." . 
• • • • ,; ,i 

, . ,1,! 

,I.:i : 1 

0.58 .............. ~........ ..... . ... ; .. -

.... _. . ...... .. : .. i l ' ..... '._.. . .. , •..... ,: ......... ,i .,i ........ __ ... .: ..... .... . ...... , .. -".:" :', ., ........... ",'" . . ...... -: .... ... .. . 
; : ',,: ".' . 

~ 0.56 : : . .•.. .. 

" 
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,i : • 

i 1 ~ 
: i 

0.54 .. T·····T···r-· ... "Ti'" 
. . . . . . · . · . · . · . · . 

[ ! i 0.52 1-----+----i--rir-i--i-i-i-t-----+--+-+-+-i-++++-----r--f----T-f--+-i-i-+ 
100 1000 10000 100000 

VERnCAL. STRESS, psf 

10' ~----~--~~~~~t++-----~--t-~-T~t+~------+---~~~~-T~ 

, : ; 
.......... ,,1 ..... ,j ....•• , •. . ,.,! .. •• ,! " ' : ' : . ~ 10' -:: · .. ····· ...... f······· - ·.·. ·· ····---i···· .... ~ ._.,_ ; _ .. +·.~ ... ' ... ; ....... +--_ .. ; ... . 
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: :::: ,.:i::. : i , .•.. i i i . , ,' ,' .: .. 
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1 0-1 +------i'__>_..;..._i_..;...+_;~i~;i-----_+_--..;;'_+-~; ...... ...;.+;+------'_- >__i__i__i_+_;_+il_ 

100 1000 10000 100000 
VERTICAL STRESS, pSf 

: N/A 

Thu, 23-APR-2009 10;59; 11 



K-CLC-Z-00013, Rev. 0 Page 236

B-237

0.60 

0.58 ...... -.............. ,_ ... . 

o 

~ 
o 
i? 

0 .56 

0.54 .......... ................ . 

CONSOLIDATION TEST DATA 
SUMMARY REPORT 

._,_. -~-"""'-'-'-"-~--" "" ~ ""';" " ... " .; .. , t, .l ._-_ ... ............. - ...... '.' .. .of",-- . 
: : ' : 

,.. .;-, 

: : 
...... . ~ ..... --- ' -.--.-: " ':'-- ·~·-·· [ · r ····· -··-···-r_- ---- ----or 

, , -r·T'·············(····· 

: : 

·---~·-·-:··-i··:·-:· · : ·i··· 
: : 

: ! 

; .... L .. .. i •• .... . 

-.-]"------- .... -~ .... ; ... " T" 

O.52 ~-----+---r~-;-+-rrr~----+---+--r-r-r+++t------~-;--+-+-~-rrr 

100 1000 10000 100000 
VERTiCAl STRESS, psf 

Before Test After Test 

Overburden Pressure: a pst Water Content, % 17.91 19.BO 

Preconsolidotion Pressure: 0 psf Dry Unit Weight. pet 103.5 106.7 

Compression Index; 0 Saturation, ;. 79.27 95.42 

Diometer: 2.5 in Height: 1.00B in Void Ratio 0.60 0.55 

LL: NP I PL: NP PI; NP I GS, 2.65 

No.; ST5 

i ; 

i i Brown Poorly Graded Sand with (SP-SM) 

Thu, 23- APR- 2009 10:59:11 
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Project: Saltstone vaul ts 3&5 
Boring No.: Z-V3Vs-BOl 
Sample No.: STs 
Test No.: 9480 

Soil Des cription : Brown Poorly Graded 
Remarks: ASTM 02 435-04 

Applied Final 
Stress Displacement 

po' '0 
1 200 0.004787 
2 500 0.01042 
3 le+003 0.01476 

• 2e+003 0 . 01917 
5 4e+003 0 . 02419 
6 8e+003 0.02998 , 1.6e+004 0 . 03709 
8 8e+003 0.03641 
9 4e+003 0.03415 

10 le+003 0.0308 

CONSOLIDATION TEST DATA 

Location : Z-V3Vs-BOl 
Tested By: JW 
Tes t Date: 4/3/09 
Sample Type : Undisturbed 

Sand with Sil t (SP-SM) 

Void Strain T50 
Ratio • t Eod Sq.Rt. 

• mio 

0.591 0.47 0.2 
0 . 582 1.03 0.1 
0.575 1. 46 2 .• 
0.568 1.90 0.1 
0.560 2.40 0.1 
0.551 2.97 0.1 
0.540 3 . 68 0.0 
0.541 3 . 61 0.0 
0.545 3 .39 0 . 0 
0.550 3.06 0 . 0 

Fitting 
Log 
m'o 

0 . 2 
0.1 
0.0 
0 . 1 
0.0 
0.0 
0.0 
0.0 
0 . 0 
0.0 

Project No .: 6155080031 
Che cked By: 
Depth : 55- 57 r t 
Elevation: N/A 

Coefficient or Consolidation 
Sq.Rt. Log Ave . 

ft A 2/day ft A 2/day ft"2/day 

2 . 46e+000 3.1ge+000 2.77e+000 
3 . 33e+OOO 3 . 32e+000 3 . 33e+000 
2.04e - 001 O.OOe +OOO 2.04e-001 
5.86e+000 5.87e+000 S.86e+000 
6.lJe+000 O.OOe+OOO 6 . 13e+000 
8.02e+000 1.14e+OOl 9.43e+000 
9 . 87e+000 1. 20e+001 1.08e+001 
2.2ge+001 O.OOe+OOO 2 . 2ge+001 
1.78e+001 O.OOe+OOO 1 . 78e+001 
1.04e+001 O.OOe+OOO 1 . 04e+001 
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Saltstolle Vaults 3&5, AC54317N DO 6 
MACTEC Project No. 6155-08-0031 

ATTACHMENT 2 

page 4 of4 

May 19, 2009 
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Equipment List 
WSRC Delivery Order No. 6 
Subcontract No. AC54317N 

Equipment Name Laboratory ID 

Oven 144 

Pressure Transducer 2773/2774 

Caliper 2424 

Pressure Gage 2633/2634 

Balance 4161418 

Thermometer 2759 

Geocomp 2583/258212581 

Geocomp 2547/2546/2580 

Geocomp 2581/2545/2575/2578/2579 

Sieve Shaker 529 

Hydrometer 2151 

Liquid limit Device 101 

Mechanical Rammer 2021 

Proctor Mold 2216 
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1. Introduction 

The purpose of this calculation is to provide the bearing capacity and the static settlement for the 
Saltstone Disposal Cells 3 and 5 facilities.  See Figure 1 for the general location of Disposal 
Cells 3 and 5.  This calculation was performed to support the permitting and engineering design 
of Disposal Cells 3 and 5. 

2. Input 

2.1 Facility Configuration 

Each of the disposal cells consists of two 150’ diameter reinforced concrete tanks. 

The following are used for Disposal Cells 3 and 5: 
• Bottom of Mud Mat Elevation: 261 ft, msl (Ref. 1) 
• Excavation Dimensions: 400 ft by 450 ft (Ref. 1) 
• Tank diameter: 150 ft (Ref. 2, 3.2.1.7) 
• Tank height: 22 ft (Ref. 2, 3.2.1.7) 
• Weight of fluid Saltstone: 110 psf (Ref. 2, 3.1.2.1) 
• Closure Cap Thickness: 10 ft to 23.5 ft (Ref. 2 & 3, 3.2.1.3) 

Note, the excavation dimensions are approximate.  The values given in Appendix A are 390 feet 
by 430 feet.   

2.2 Stratigraphy 

The ground surface elevation at the project site ranges from 263 ft to 275 ft, msl, based on CPT 
surface elevations and SRS topographic maps.  Groundwater elevation at the site ranges from 
215 to 220 ft, msl (Ref. 4).  See Figures 1 and 2 for a site location plan and the layout of the 
disposal cells. 

Four (4) geotechnical borings, two undisturbed borings and 2 Standard Penetration Test (SPT) 
borings, were performed for the Disposal Cells 3 and 5 site, see Figure 2.  Stratigraphic 
interpretations were made for the two SPT borings.  Seventeen (17) CPTs and and SCPTs were 
pushed for the Disposal Cells 3 and 5 site, see Figure 2.  Stratigraphic interpretations of the 
borings, CPTs, and SCPTs are summarized below (Ref. 5). 
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    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevatio
n 

ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer 

Congare
e 

ZV3V5C1 SCPT 78429 66907 264.9 NP 224 185  
ZV3V5C2 CPT 78267 66960 268.6 221 215 184  
ZV3V5C3 CPT 78477 66813 263.9 NP 219 190  
ZV3V5C4 SCPT 78405 66836 266.8 NP 221 186  
ZV3V5C5 CPT 78325 66863 268.8 226 221 186  
ZV3V5C6 SCPT 78244 66889 268.8 229 217 187 144 
ZV3V5C7 SCPT 78173 66913 268.2 233 223 NDE  
ZV3V5C8 CPT 78374 66741 267.7 220 216 186  
ZV3V5C9 SCPT 78293 66768 270.4 225 216 173  

ZV3V5C10 CPT 78213 66794 270.7 227 211 178 144 
ZV3V5C11 SCPT 78414 66623 264.7 218 215 185  
ZV3V5C12 SCPT 78343 66646 268.1 219 216 186  
ZV3V5C13 CPT 78262 66673 272.0 225 221 184  
ZV3V5C14 SCPT 78181 66699 273.0 228 216 186  
ZV3V5C15 CPT 78110 66723 271.6 231 220 178  
ZV3V5C16 CPT 78319 66575 268.7 NP 228 186  
ZV3V5C17 SCPT 78158 66628 274.6 228 219 186  
ZV3V5B01 Boring 78395 66839 266.9 No Stratigraphy – Undisturbed Sampling 
ZV3V5B02 Boring 78235 66894 269.9 228 218 188 145 
ZV3V5B03 Boring 78333 66649 268.3 221 216 183 148 
ZV3V5B04 Boring 78171 66702 272.8 No Stratigraphy – Undisturbed Sampling 

2.3 Soil Properties 

Total unit weights for soils beneath Disposal Cells 3 and 5 range from 92 to 130 pcf.  The 
recommended value for in situ soils is 120 pcf (Ref. 6).  The recommended maximum dry 
density for compacted fill material is 120 pcf (Ref. 6), however a conservative estimate of 125 
pcf will be used to estimate overburden pressures.   

Shear stress parameters for effective stress conditions are summarized in the table below.  The 
shear strength values are based on the data provided in Reference 6. 

Unit Weight 
Undisturbed Soils 120 pcf 

Compacted Fill 125 pcf 
  

Effective Shear Strength ( All layers except Fill) 
Effective Friction Angle 30° 

Effective Cohesion 200 psf 
  

Consolidation Parameters (C2 Layer only)) 
Compression Index 0.42 

Recompression Index 0.11 
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3. Computations 

The following sections provide the bearing capacity and static settlement calculations for an 
individual tank (150 feet diameter) and for the excavation (400 feet by 450 feet).   

3.1 Bearing Capacity 

This section provides the bearing capacity parameters including ultimate bearing capacity, 
allowable static bearing capacity, design bearing capacity, allowable dynamic bearing capacity, 
and the strength reduction factor.  Bearing capacity results are summarized in Table 1. 

3.1.1 Ultimate Bearing Capacity 

For φ > 0°, the ultimate bearing capacity qu is computed using the equations originated by 
Terzaghi and later modified by others.  Hansen’s correction factors were used for this 
calculation, as they result in more conservative estimates of bearing capacity (Ref. 7).  

(Terzaghi)    
2

rBGIDSNBBGIDSNqBGIDScNq z
qqqqqqqccccccu γγγγγγ

γ
++=   

where c = cohesion,  

  qq = overburden or surcharge pressure at the foundation base, 

  γz = effective unit weight of soil below the foundation base, 

  B = foundation width, 

  rγ = foundation width reduction factor. 

Nc, Nq, and Nγ are bearing capacity factors; Sc, Sq, and Sγ are foundation shape factors; Dc, Dq, 
and Dγ are depth factors; Ic, Iq, and Iγ are load inclination factors; Bc, Bq, and Bγ are foundation 
base inclination factors; and Gc, Gq, and Gγ are ground inclination factors.   

The bearing capacity factors Nc, Nq, and Nγ suggested by Hansen are: 

( )

( ) φγ

φφπ

φ

tan15.1
2

452tantan

1cot

−=

⎟
⎠
⎞

⎜
⎝
⎛ +°=

−=

qNN

eqN

qNcN
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The shape factors Sc, Sq, and Sγ suggested by Hansen are: 

°>−=

°==

+=

<°>+=

<°==

≥=

0     For           4.01

0        For                     1

 any For           tan1

10   L/B, 0    For           1

10   L/B,0  r         Fo          2.0

any  10,  /B     For L                    0

φγ

φγ

φφ

φ

φ

φ

L
BS

S
L
B

qS

cN
qN

L
B

cS

L
B

cS

cS

  

The depth factors Dc, Dq, and Dγ for D < B suggested by Hansen are: 

radians) (in 1for  tanor    1for  

1

)sin1(tan21

0    For           4.01
0          For          4.0

1

2

>⎟
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=
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−
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B
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D
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D

kD

kD
kD

q

c

c

γ

φφ

φ
φ

  

For this calculation level ground surface, and uniform loading were used; i.e. ground inclination 
(Gc, Gq, and Gγ), load inclination (Ic, Iq, and Iγ), and base inclination (Bc, Bq, and Bγ) factors are 
1.0 for φ > 0° (Ref. 7).   

Since the distance to the groundwater table is less than the width of the foundation, the effective 
unit weight of the soil beneath the foundation is determined by the following equation (Ref. 8): 

w
w

wbfz B
DD γγγγ −

+−= )(   

For foundation widths less than 6 feet, the rγ is 1.0.  For foundation widths greater than or equal 
to 6 feet, the following reduction factor is applied to the calculated ultimate bearing capacity 
(Ref. 7): 

4

)6log(
1

B
r −=γ  

3.1.2 Allowable Static Bearing Capacity 

The allowable bearing capacity is calculated by applying a factor of safety to the ultimate 
bearing capacity.  The factor of safety used in this calculation is 3.0 (Ref. 9). 
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FS
qq u

a =   

3.1.3 Allowable Dynamic Bearing Capacity 

The dynamic bearing capacity is determined by increasing the allowable static bearing capacity 
by a factor of one-third (Ref. 9). 

adyn qq 3
11=  

3.1.4 Design Bearing Capacity 

The design bearing capacity qΦ, used for Load and Resistance Factored Design (LRFD), was 
computed with the same equations as the ultimate bearing capacity.  A strength reduction factor 
was applied to the soil strength parameters cohesion and effective friction angle.  A cohesion 
reduction factor (fc) of 0.5 was applied to the cohesion and a friction reduction factor (fφ) of 0.8 
was applied to the tangent of the friction angle as shown in the following equations (Ref. 8): 

( )φφ φ tantan 1 f

cfc

red

cred
−=

=
 

(Terzaghi)    
2

rBGIDSNBBGIDSNqBGIDSNcq z
qqqqqqqccccccred γγγγγγ

γ
++=Φ   

The bearing capacity factors, shape factors, and depth factors are calculated using the reduced 
cohesion and reduced friction angle to determine the design bearing capacity.   

3.1.5 Strength Reduction Factor 

The strength reduction factor, Φ, is computed based on the ultimate bearing capacity and the 
design bearing capacity (Ref. 9).  The strength reduction factor is given by the equation: 

uq
qΦ=Φ

 

3.2 Static Settlement 

The following sections discuss the static loadings and the computation of settlement.  
Settlements were computed considering the excavation (400 ft by 450 ft).  Settlements were also 
checked considering an individual tank (150 ft diameter), but are not included in the calculation 
as the settlements based on the overall excavation control (4 tanks). 

3.2.1 Static Loading 

The current surface elevations range from 263 to 275 ft, msl.  During excavation, 2 to 14 feet of 
soil will be removed to reach elevation 261 ft, msl.  This is a decrease in overburden pressures of 
240 to 1,680 psf at the bottom of the excavation.   

At the end of construction, approximately 24 feet of structural fill will be placed around the 
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tanks, with an overburden pressure of approximately 3,000 psf (125 pcf × 24 ft).  The bearing 
pressure of the foundation (including empty weight of the tank) and the mud mat is 
approximately 500 psf.  When the tank is filled with Saltstone (22 ft × 110 pcf) and grouted (100 
psf), the total foundation bearing pressure will be approximately 3,020 psf.  A pre-closure 
bearing pressure of 3,000 psf was used for this analysis at elevation 261 ft, msl. 

During closure operations, a soil cover, ranging from 10 to 23.5 feet thick, will be placed over 
the tanks.  This additional soil cover will result in an additional overburden of approximately 
1,250 to 2,937 psf; values of 1,300 and 3,000 are used for this analysis.  The total bearing 
pressure (at elevation 261 ft, msl) after closure operations are completed range from 4,300 to 
6,000 psf. 

Overburden Pressure at Elevation 261 ft, msl 
 

Existing End of  
Excavation 

Pre 
Closure 

Post 
Closure 

Minimum 240 psf 0 3,000 psf 4,300 psf 

Maximum 1,680 psf 0 3,000 psf 6,000 psf 

3.2.2 Layer Thickness 

The Saltstone Disposal Cells 3 and 5 site stratigraphy is similar to the stratigraphy of the 
Saltstone Vault 2 site, located 1,000 feet to the southeast.  However, as noted in the stratigraphy 
calculation (Ref. 5), the C2 tends to thin out and ultimately “pinch” out in the northwestern part 
of the site, where the C2 layer averages less than 5 feet as opposed to 11 feet beneath the 
southeastern tanks.   

3.2.3 Historical Settlement and Heave Data 

Heave data is available from the Vault 2 excavation; however settlement data is not yet 
available.  During the excavation at Vault 2 (approximately 250 ft by 400 ft excavated; 7 to 19 
feet deep), the amount of heave ranged from ¼ inch to 1 inch.  Based on this data, the modulus 
of subgrade reaction for the Vault 2 excavation is 15 to 25 pci (discussed in Section 3.3).  
Subgrade moduli of other large structures at SRS range from 10 to 25 pci (Section 3.3). 

The loading cases presented in Section 3.2.1 and a subgrade modulus range of 10 to 25 pci are 
considered to estimate potential settlements.  The results are: 

 Minimum Settlement 
(inches) 

Maximum Settlement 
(inches) 

Average Settlement 
(inches) 

Heave -0.1 -2.5 -1.3 
Operation Complete 0.8 2.1 1.5 

Closure Cap Complete 1.7 4.2 3.0 

3.2.4 Settlement in Cohesionless Soils 

The following sections will discuss the methods used to determine the settlement of the soil 
column using cohesionless soil settlement analyses.   
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3.2.4.1. Burland and Burbidge 
The Burland and Burbidge method estimates the immediate settlement, S0, based on SPT data.  
The soil is assumed to be consolidated to the overburden pressure prior to excavation (Ref. 10). 

( )
vo

I
s

vocvos

s

qBqffS

qIBqffS

IBqffS

c σ

σσ

′<′××′××=

′>′××′−′××=

××′××=

for                      

for       

sand edconsolidatnormally a for                     

3
7.0

10

7.0
3
2

10

c
7.0

10

 (Equations 1, 2, 3) 

where fs = shape factor, ( )

2

25.0
25.1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

×
=

BL
BLfs  

fi = layer correction factor, ⎟
⎠
⎞⎜

⎝
⎛ −=

111 2 Z
H

Z
Hf  

q’ = average effective bearing pressure  

σ’vo = effective overburden  

H = thickness of the layer 

Z1 = depth of influence of loaded area 

 = 1.35B0.75 for constant or increasing Nave with depth 

 = 2B for decreasing Nave with depth 

Nave = average SPT blow count over depth of influence 

Ic =compressibility influence factor, 0.23/Nave
1.4

  

The measured blow counts were corrected to N60 values for use in this calculation.  No 
corrections were made for gravelly or silty soils below the water table. 

Settlement can be further estimated by changing Ic to achieve upper and lower bound estimates 
of settlement.  The lower and upper bounds are defined below (Ref. 11). 

Lower bound settlement is computed using Icmin = 0.08/Nave
1.3 

Upper bound settlement is computed using Icmax = 1.34/Nave
1.67  

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

 St = ft S0 (Equation 4) 

where ft = 1 + R3 + Rc log (t/3) 

Ri and Rc are the time–dependent settlement ratios, for t = 30 years 

 R3 = 0.3 for static loads or 0.7 fluctuating loads 

Rc = 0.2 for static loads or 0.8 fluctuating loads 

Assuming static loads, 

 ft = 1 + 0.3 + 0.2 log (30/3) = 1.5 
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Therefore, total settlement at t = 30 years is: 

 St = 1.5 S0 

The depth of influence for the excavation is approximately 120 feet using the Burland and 
Burbidge method.  The immediate settlement calculated immediately prior to cap installation 
(pre-closure) is based on original excavation depths of 2 and 14 feet.  Settlements after the 
completion of the cap (and 30 years after) are based on the original excavation depths (2 and 14 
feet) and two cap thicknesses (10 and 23.5 feet).   

The lower bound, upper bound, and average settlements were computed using Icmin, Icmax, and Ic 
as described earlier.  For phases after closure cap completed, lower bound settlements are 
computed by averaging the 4 lower bound settlements using minimum and maximum 
excavations and minimum and maximum cap thicknesses, while upper bound settlements were 
computed by averaging the 4 upper bound settlements.  The average settlement is the average of 
four settlements computed using the average Ic.   

The average, lower, and upper bound settlements are given in the table below for the different 
phases of construction and operation.  Due to the cohesive nature of the soil, settlements 
associated with the C2 layer were not included.  The settlement for the C2 layer was determined 
by setting H equal to the depth at the top and bottom of the C2 layer and calculating the 
difference.  This difference was then subtracted from the total soil column settlement that 
included the C2 layer.  The following table presents the settlement values using the Burland and 
Burbidge method. 

 

Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Immediate After Operation is Complete 0.9 4.6 1.9 
Immediate After Closure Cap is Complete 1.8 8.8 3.7 
30 Years After Closure Cap is Complete 2.7 13.1 5.5 

3.2.4.2. Schmertmann Method 
The Schmertmann method estimates the immediate settlement S0 based on CPT data (Ref. 11): 

 zi
n

i si

i
t I

E
z

PCCS ×
∆

×∆××= ∑
=1

10  (Equation 5) 

where  C1 = strain relief from embedment correction factor, C1= 1 – 0.5 σ’
vo / ∆p ≥ 0.5,  

 Ct = correction for time-dependent increase in settlement and Ct = 1 + 0.2 log (t/0.1) 

  t = in years,  

for t = 30 years, Ct = 1 + 0.2 log (30/0.1) = 1.5 

 ∆P = net applied footing pressure 

 ∆zi = depth increment i, 

 σ’
od = effective overburden at base of foundation 
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Izp = peak influence factor  

 
5.0

1.05.0 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

′
∆

+=
Izp

P
σ

 

 Izi = influence factor of soil layer i 

 Esi = elastic modulus of soil layer i 

= 2.5 qc for L/B = 1 

= 3.5 qc for L/B ≥ 10 

where qc is the average tip stress of soil layer i in tsf.  For this evaluation, thickness of each soil 
layer (depth increment) is 1 foot.  The depth was determined relative to the foundation elevation, 
261 ft, msl.  The influence factor of a soil layer can be calculated based on the geometry of the 
foundation as follows (Ref. 12):  

For square and circular foundations (L/B = 1) 

( )
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 (Equations 6, 7) 

For continuous foundations (L/B ≥ 10) 

( )

4B -  B z    For 4333.0

 B- 0  z   For 2.02.0

i

i
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 (Equations 8, 9) 

For rectangular foundations (1 < L/B < 10) 

( )( )1111.0 −−+= B
L

zszczszr IIII  (Equation 10) 

Previous analyses performed for the Vitrification Building, 221-S, found that the estimated 
Schmertmann settlements were more than double the measured settlements, likely due to the 
methodology underestimating the elastic modulus for the cohesionless soils present at SRS (Ref. 
13).  Realistic results may be obtained by dividing the Schmertmann result by a conservative 
adjustment factor of 2.   

The soils in the Congaree Formation and below are considered too dense for a significant heave / 
settlement response.  The Congaree Formation is located approximately 116 feet below the 
bottom of the excavation.  Energy corrected SPT blow counts in the Congaree Formation range 
from 70 to refusal (50 blows over 6 inch interval) and CPTs refused on the top of the Congaree 
Formation (approximately 700 tsf, Z-V3V5-C10).  A value of 350 tsf tip stress was used in this 
analysis for Congaree Formation soils.   

The Schmertmann settlement analysis was performed for all 17 CPTs and SCPTs.  Average tip 
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stresses were computed on 1-foot intervals, relative to the depth below the bottom of the 
foundation (i.e. 261 ft, msl).  A 6-foot deep hand auger is performed prior to each CPT test, thus 
no CPT data is available in the first 6 feet.  For CPTs where the 6-foot hand auger extends below 
the foundation elevation, 1-foot intervals with no data were supplemented with the average tip 
stress values from the remaining CPTs for the corresponding 1-foot intervals.  CPTs which 
terminated above the Congaree Formation were supplemented with the average tip stress values 
from the remaining CPTs for the corresponding 1-foot intervals.   

Due to the cohesive nature of the soil, settlements associated with the C2 layer were excluded by 
setting Izi equal to 0 for each C2 1-foot interval.  The following table presents the settlement 
values using the Schmertmann method.  Lower and upper bound settlements are the minimum 
and maximum CPT specific settlements, respectively.  For closure cap scenarios, the average 
values are computed using both 10-foot and 23.5-foot thick caps. 

 

Lower 
Bound 

Settlement 
(inches) 

Upper 
Bound 

Settlement 
(inches) 

Average  
Settlement 

(inches) 

Immediate After Operation is Complete 2.9 3.7 3.2 
Immediate After Closure Cap is Complete 4.2 7.7 5.7 
30 Years After Closure Cap is Complete 6.3 11.5 8.5 

Additionally, settlement analysis was also performed for all CPTs where the average tip stress of 
the bottom 2 feet of the individual CPT were applied to all soils between the bottom of the CPT 
and the top of the Congaree Formation.  Also, the average of the top two feet of the CPT tip 
stresses immediately below the bottom of the hand auger was applied to the soil column from the 
ground surface to the bottom of the hand auger.  Similarly, an average tip stress value of 350 tsf 
was used for the Congaree Formation.  Both independent analyses yielded similar results. 

3.2.5 Consolidation of Cohesive Layer (C2) 

Settlement of the cohesive layer C2 was computed using one dimensional consolidation theory. 

For normally consolidated soils: 

⎟
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where 
• H = thickness of cohesive layer 
• Cc = virgin compression index 
• Cr = recompression index 
• σo

’ = initial effective overburden pressure 
• σp

’ = preconsolidation pressure 
• ∆σ’ = change in effective pressure 
• eo = initial void ratio 

Beneath the southeastern tanks (Tanks #3B and #5B) the C2 layer is approximately 11 feet thick 
and 33 feet below the bottom of the excavation.  Beneath the northwestern tanks (#3A and #5A) 
the C2 layer is approximately 5 feet thick and 39 feet below the bottom of the excavation.  
Beneath the northern tank (#3A), the C2 layer is only present under half of the tank and ranges 
from 0 to 4 feet thick. 

Maximum consolidation settlement within the C2 layer occurs where the C2 layer has the 
greatest thickness (southeast corner of the site, Tank #5B).  The C2 layer “pinches out” towards 
the northwestern corner (Tank #3A) of the site.  Thus the minimum consolidation settlement of 
the C2 layer is zero.  Average Cc and Cr values for the C2 layer used in this calculation are 0.50 
and 0.11, respectively.  These values were interpreted from two consolidation tests within the 
site, as well as testing from the Vault 2 subsurface investigation (Ref. 6 and 14).  
Overconsolidation ratios (OCR) for the C2 layer indicated the layer is normally consolidated 
(Ref. 6).  Estimated settlements of the C2 layer are summarized in the table below. 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 
Heave After Excavation 0 -0.6 -0.4 

Settlement After Operation is Complete 0 1.8 1.8 
Settlement After Closure Cap is Complete 0 5.1 3.8 

Experience in H and S Areas also indicates that the rate of secondary compression for the SRS is 
small, on the order of ¼ inch over 30 years, for structural loading ranging from 3 to 6 ksf 
(Ref. 13).   

3.2.6 Summary of Settlement and Heave 

Estimation of settlement and heave was determined by combining computed settlements for the 
cohesionless and cohesive layers.  For all of the loading cases, the settlement (consolidation) of 
the C2 layer is expected to occur shortly after loading, thus the same values for settlement 
(consolidation) for the C2 layer were applied to both short term and long term (30 year) cases.  
The consolidation settlement of the C2 layer was added to both the Burland and Burbidge 
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settlement and the Schmertmann settlement.  The average of the Burland and Burbigde 
settlement plus C2 consolidation settlement and the Schmertmann settlement plus C2 
consolidation settlement was computed and is summarized in the Table 2.   

The differential settlement is to be taken as the same as the total settlement (Table 2) for a given 
phase of the project. 

If each of the four tanks is being filled with Saltstone at various rates, differential settlement 
between tanks will occur due to different loading patterns.  This type of differential settlement 
was not directly considered in this calculation.   

Due to the large overburden pressure, settlements were predicted with a fair amount of deviation.  
In order to verify the estimated settlements, it is recommended that heave and settlement 
monitoring points be installed and surveyed during construction of the disposal cells.  Settlement 
data will provide important information, which can be used to verify and calibrate settlement 
analysis methods and may result in more accurate settlement estimations in the future. 

3.3 Subgrade Modulus 

The subgrade modulus is a foundation specific value and is not a specific soil property.  The 
subgrade modulus correlates foundation pressure and settlement by 

∆
=

pks  

where  p = foundation contact pressure (pounds per square inch, psi) 

 ∆ = foundation settlement (inches) 

The subscript s refers to the foundation size.  For example, k1 refers to the subgrade modulus for 
a 1-foot square foundation.  When no subscript is used, the value refers to the subgrade modulus 
for the entire foundation. 

The subgrade modulus depends on the size and shape of the loaded area.  This calculation will 
estimate the subgrade modulus for Disposal Cells 3 and 5 based on SPT/CPT correlations and 
historical data.  

3.3.1 Historical Data 

Heave data from the excavation of Vault 2 (approximately 250 ft by 400 ft; 7.3 to 19 feet deep, ), 
indicates movement ranging from ¼ inch to 1 inch.  Based on this data, the subgrade modulus 
for a large excavation could range from 15 to 25 pci.   

Based on values for other large facilities around the SRS, including the In Tank Precipitation 
(ITP) tanks, DWPF, and the Remote Handling Building (RHB) subgrade modulus (k) values 
range from approximately 10 to 25 pci.  Converting these values to k1 results in values of 55 to 
100 pci (Ref. 15). 
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3.3.2 CPT and SPT Correlations 

Subgrade modulus at the project site was estimated based on CPT uncorrected tip stress (qc, kPa) 
and friction ratio (Rf, %).  These average values were taken as the average CPT values from K-
CLC-Z-00013 (Ref. 6).  Figure 3 correlates the empirical formula qc/100Rf (kPa/%) to modulus 
of subgrade reaction, k1.  The subgrade modulus, k1, based on the average CPT data is 240 pci.   

 
Average Tip Stress 

qc 
(tsf) 

Average Tip Stress 
qc 

(kPa) 

Average Friction Ratio 
Rf 

(%) 

qc/100Rf 
(kPa/%) 

Average 120 11491 2.5 46 

   k1 240 pci 

Average SPT blow counts (N55) and uncorrected CPT tip stresses were also used to estimate the 
subgrade modulus (Ref. 9).  Measured blow counts were converted to energy-corrected blow 
counts, N55, which corresponding to 55% of input energy using the following equation (Ref 7): 

N’rb = N * η1* η2* η3 * η4* CN, (Eq. 1) 

where N  = measured blow count,  

  N’rb = energy corrected blow count,  

η1 = energy correction factor, Er / Erb   = 1.47 

where Er = actual energy ratio = 81 

  Erb = standard energy ratio = 55 

η2 = rod length correction = 1.00 

η3 = sampler correction = 1.00 

η4 = borehole diameter correction = 1.00 

CN = overburden correction, (p o” /  p o’)0.5 = 0.53 

where p o” = 2.0 ksf or 1 kg/cm2, = 2.0 

  p o’ = average effective overburden pressure. = 7.2 

Thus, 

 N55 = 0.85 * N. 

The energy ratio for the boreholes conducted at Disposal Cells 3 and 5 is approximately 81% 
(Ref. 16).  The average tip stress and N values were taken from K-CLC-Z-00013 (Ref. 6).  
Figure 3 correlates the empirical formula qc/100N55 (kPa) to modulus of subgrade reaction, k1.    
Figure 3 indicates that a small change in qc/100N55 results in a large change in subgrade 
modulus.  Therefore the minimum qc/100N55 value was used to give a conservative estimation of 
the subgrade modulus.  The modulus of subgrade reaction, k1, based on CPT and SPT data is 260 
pci.  
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Average Tip Stress 

qc 
(tsf) 

Average Tip Stress 
qc 

(kPa) 

Average 
Blow Count 

N 

Average 
Blow Count 

N55 

qc/100N55 
(kPa) 

Average 120 11491 28 22 5.2 

    k1 260 pci 

Based on the above computations, the range of k1 is approximately 240 to 260 pci.  To find the 
subgrade modulus for a 30 inch diameter plate as required by the ACI code (Ref. 17), the 
following equation is used: 

 ks = [(B + 1)/(2B)]2 * k1 

where B is the width of the load (30 inches or 2.5 feet in this case).  Therefore, 

 k2.5 = 0.49 k1 

Using the ACI Code for design, the range of subgrade modulus, k2.5 (i.e., subgrade modulus for a 
30 inch diameter plate) is between about 120 to 130 pci.  This applies to point loads or loads on 
smaller areas.   

Using the equation for ks above, k approaches 0.25 k1 as B increases.  Therefore, for large 
foundations the subgrade modulus ranges from 60 to 65 pci, based on theoretical analysis.  These 
values are greater than the value back-calculated from other large structures at SRS (10 to 25 
pci).   

3.4 Lateral Earth Pressure 

The friction angle (φ) of the compacted fill is estimated to be between 30° and 35°, depending on 
the material source and the level of compaction.  The lateral earth coefficients are computed as 
follows: 

Active earth pressure ⎟
⎠
⎞⎜

⎝
⎛ −= 245tan2 φ

ak  = 0.27 – 0.33 

Passive earth pressure ⎟
⎠
⎞⎜

⎝
⎛ += 245tan2 φ

pk  = 3.00 – 3.69 

At-rest earth pressure 
°>=
°≤−=

30    For                     5.0
30      For           sin1

0

0
φ
φφ

k
k

 = 0.5 

Consideration was given to compaction induced lateral earth pressures.  The method 
recommended by Duncan et. al (Ref. 18 & 19) determines σh

’ graphically based on depth, 
compaction effort, and the method of compaction.  The site specific σh

’ is calculated by applying 
correction factors to σh

’ based on lift thickness (t), distance of from the wall (x), friction angle 
(φ), and roller width (w).   Higher φ values result in increased compaction induced lateral earth 
pressures when utilizing the method recommended by Duncan et. al, therefore φ = 35° was 
analyzed. 

For the purposes of this analysis, 6-inch lifts will be compacted with a 600 lb/in, 7-foot roller 
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within half a foot of the tank wall.  The induced pressures below 16 feet were considered to 
extend linearly to intersect the K0 line, at approximately 22 feet, below which K0 conditions 
control, Figure 4.  The compaction induced lateral earth pressures are summarized in the Table 3. 

4. Results and Conclusions 

Bearing Capacity – Appendix A 
• Ultimate Bearing Capacity 72,000 psf 
• Design Bearing Capacity 30,200 psf 
• Strength Reduction Factor 0.41 
• Allowable Bearing Capacity – Static 24,000 psf 
• Allowable Bearing Capacity – Dynamic 32,100 psf 

Settlement – Appendix B 
• Average heave after excavation is less than 1 inch. 
• Average settlements after operations are complete are approximately 4 inches. 
• Average settlements after the closure cap is complete are approximately 9 inches. 
• Average settlements 30 years after the closure cap is complete are approximately 11 

inches. 
• Differential settlement is considered to be equal to the total settlement. 

Subgrade Modulus 
• The recommended k1 value is 100 pci, based on historical and theoretical values. 

Lateral Earth Pressure  
• Active earth pressure, ka = 0.27 – 0.33 
• Passive earth pressure, kp = 3.00 – 3.69 
• At-rest earth pressure, k0 = 0.5 
• Compaction induced lateral earth pressures are summarized in Table 3 
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Table 1: Calculated Bearing Capacities 

 Ultimate Bearing 
Capacity 

Allowable 
Static Bearing 

Capacity  

Design Bearing 
Capacity 

Allowable Dynamic 
Bearing Capacity Φ 

 (psf) (psf) (psf) (psf) (psf) 
Excavation 76000 25,300 31,900 33,800 0.42 

Individual Tank 41,000 13,900 16,900 18,500 0.41 

 

 

Table 2: Summary of Static Settlement 

 
Minimum 
Settlement 

(inches) 

Maximum 
Settlement 

(inches) 

Average 
Settlement 

(inches) 

Heave ¼ 1 ½ 
Operation Complete 2 6 4 

Closure Cap Complete 3 13 9 
Closure Cap Complete + 30 Yrs 5 18 11 

 Note: the settlements listed above include the recompression of heave. 

 

Table 3: Compaction Induced Lateral Earth Pressures 

Depth σH Design 
(feet)  (psf) 

0 0 
2 525 
4 640 
8 735 

14 900 
K0 controls at 14 feet and below 
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Figure 1: Location of Disposal Cells 3 and 5 
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Figure 2: Disposal Cells 3 and 5 Geotechnical Exploration Locations with Topography 
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Figure 3: Correlation between CPT and SPT data and Subgrade Modulus 
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Figure 4: Compaction Induced Lateral Earth Pressures 
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Appendix A – Preliminary Excavation Details 
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William BrusslSRRlSrs 

07101120091 022AM 

To Rucker Wili iamslSRNSISrs@Srs 

CG Max HowardlSRRISrs@Srs, Bernard 
EnevoldsenlSRRlSrs@srs, Wilson MileslSRRlSrs@Srs 

"'" Subject Re Disposal Cells 3 and S[j 

We had a drawing review meeting yesterday at the WGI offices to discuss Vault 315 excavation plans. 
The bottom of excavation elevation was talked about in great detail. Many storm water drainage issues 
can be resolved if this elevation is raised l' above what the performance assessment currently shows as 
the bottom of the lower mud mat. Design Authority has requested the PA group to evaluate any impact to 
raising this elevation to 261 ft. Barring any unforeseen issues from the PA, the project would like us all to 
use 261' as the bottom of excavation. From our discussion on the phone, changing this elevation should 
not have any impact to your Geotech calculation results beyond referencing the new bottom of excavation 
elevation. WGI will revise their drawings after we get agreement from everyone that this change is okay. 

I have also attached the WGI excavation drawings used in our review for your information. These 
drawings show the area of the excavation to be about 430' x 390' at the bottom. Let us know if you need 
any other information to complete approval of the Geotech design documents. Thanks. 

Rucker WiliiamslSRNSISrs 

RlM:ker WiliiamslSRNSISrs 

06125120090935 AM To William BrusslSRRlSrs@Srs 

~ 

Subject Disposal Cells 3 and S 

Bill, 

To follow up on our conversation this morning, could you help me confirm the following? 

Bottom Elevation of Excavation - 258 ft, msl 
Excavation Dimensions - 450 ft by 450 ft 

Rucker J. Williams 

Geotechnical Engineering 
Savallll.1h River Site 

Aiken, SC 29808 
(803) 952-9879 
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Calculation Worksheets 

 

Input Parameters Foundation Indivklual Tank 

Effective Friction Angte (<leg) ,. '" FooIirJg Wklttl (n) 

Cohesion (psI) , 
"" FooIirJg length (n) 

Total Unrt Weight 01 Soit 

'" 
Fooling Depth (n) 

Above Foundation (pel) Y .. : 

Oeplh to Groundwaler (n) 
Total Unrt Weight 01 Soit 

YbI : '" Below Foundabon (pcl ) Unit Weight 01 Water (pel) 

FactOf 01 Salety FS: , Cohesion Reduclion Factor 

FrictkJo Angle Reduction FactOf 

Effective Unit Weight of So il Above the Foundation Iro) 

ForD < D ", 

ForD > D ", 

rD = r 
·f 

D - D 
r D = r - ---=---"'" r w 

·f D 

, 
'" , 
'" 

0 , 
D. " 
r. : 62.4 

'0 " 
'. " 

Overburden at base of foundation: qq = ___ ~O,-"po'fc 

Effective Unit Weight of So il Below the Foundation (-rzl 

ForDw < D r , = Yb[ - r ... 

ForDw > D + B Y, = rb[ 

1, = 72.6 pcf - =""-
Ultimate Bearing Capacity (q..,) 

41724 psf 

Ultimate Bearing Capacity: 

Allowable Static Bearing Capacity (qJ 

y~B 
cNcScDcGc +qqNqSqDqGq +-, - N r Sr DyGyTr 

qu =---------~~~F~S~--~-----------
q. = 13908 psf 

Allowable Dynamic Bearing Capacity 

qdyn = lXqa 

Allowable Static Bearing Capacity 

18544 psf 

Allowable Dynamic Bearing Capacity : 

41,000 pSf 

13,900 pSf 

18,500 psf 
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Foundation Indivklual Tank 
Bearing Capacity Factors 

Nc = cot ¢ (N q - I) 

N q = elflan¢ran2 ( 450+: ) 

N y = L S(Nq - 1) lan ¢ 

Shape Factors 
o 

Sc = 0.2 -
L 

ON 
S = I+ -~ 

, L N , 
o 

Sq = I+ - tan¢ 
L 

Deoth Factors 
Dc = O.4k For ¢I = 0" 

D c = i +O .4k For ¢>O" 

Dq = i + 2tan¢l(1 - sin ¢)2k 

D r = 1 

o 
Sr = 1- 0.4 -

L 

k = ~ for ~ :-::; i or tan - I ( ~ ) for ~ > 1 (in radians) 

Inclination Factors 

Foundation Width Correction 
FOf foundation widlhs less Ihan 6 feet, rf = 1 
FOf foundation widlhs greater Ihan 6 feet 

Reduced Soil Strength Parameters 

cred = fcc 

¢Ired = tall - \ V; tall ¢) cbt .. 24.79 

(red .. 100 psf 

Design Bearing Capacity (q.) 

For¢l>O° 

N, = 20.42 

Nq = 10.43 

N7 = 6.53 

Dc = 1.00 

Dq = 1.00 

07 = 1.00 

q4> = cNcScDcGc + qqNqSqD qGq + r~B NrSr DrGrrr 
2 

Nc = 30.14 

N, = 15.07 

s., = 0.60 

Dc = 100 

Dq = 100 

Ur = 1.00 

k = 0000 

Gc = 1.0 

Gq = 1.0 

G, = 1.0 

0.651 

Sc = 1.511 

Sq = 1.462 
s., = 0.600 

Gc = 100 

Gq = 100 

G, = 1.00 

q ... = 16966 psI 

Design Bearing Capacily: 16,900 psf 
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Input Parameters Foundation Excavation 

Effective Friction Angte (<leg) ,. '" FooIirJg Widltl (n) , 
'" 

Cohesion (psI) , 
"" FooIirJg length (n) , 

'" 
Total Unit Weight 01 Soil 

'" 
FooIirJg Depth (n) 0 , 

Abo~e Foundation (pel) Y .. : 

Oeplh to Groundwaler (n) D. " Total Unit Weight 01 Soit 
Y" : '" Below Foundation (pcl) Unit Weight 01 Water (pel) r. : 62.4 

FactOf 01 Salety FS: , Cohesion Reduclion Factor '0 " 
FrictkJo Angle Reduction Factor '. " 

Effective Unit Weight of Soil Above the Foundation Iro) 

ForD < Dw 

ForD > Dw 

rD = r 
·f 

D-D 
r D = r - ---=---"'" r w 

·f D 
Overburden at base of foundalkm: qq = ___ cO~p='fc 

Effective Unit Weight of Soil Below the Foundation !1zl 

For Ow <0 r ~= Yb[ - r ... 

ForOw > O+B Y, = rb[ 

1, = 63.2 pd 
-~~ 

Ultimate Bearing Capacity (q..,) 

76098 psf 

Ultimate Bearing Capacity : 76,000 pSf 

Allowable Static Bearing Capacity (qJ 

y~B 
cNcScDcGc +qqNqSqDqGq +2Nr SrDyGyrr 

q1l = 
FS 

Allowable Dynamic Bearing Capacity 

qdyn =l Xqa 

q. = 25366 psf 

Allowable Static Bearing Capacity 25,300 pSf 

33821 psf 

Allowable Dynamic Bearing Capacity 33,800 pSf 
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Bearing Capacity Factors 

Nc = cot ¢ (N q - I) 

N q = elflan¢ran2 ( 450+: ) 

N y = L S(Nq - 1) lan ¢ 

Shape Factors 
o 

Sc = 0.2 -
L 

ON 
S = I+ -~ 

, L N , 
o 

Sq = I+ - tan¢ 
L 

Deoth Factors 
Dc = O.4k For ¢I = 0" 

D c = i +O .4k For ¢>O" 

Dq = i + 2tan¢l(1 - sin ¢)2k 

D r = 1 

Foundation 

o 
Sr = 1- 0.4 -

L 

k = ~ for ~ :-::; i or tan - I ( ~ ) for ~ > 1 (in radians) 

Inclination Factors 

Foundation Width Correction 
FOf foundation widlhs less Ihan 6 feet, rf = 1 
FOf foundation widlhs greater Ihan 6 feet 

Reduced Soil Strength Parameters 

cred = fcc 

¢Ired = tall - \ V; tall ¢) cbt .. 24.79 

Cred .. 100 psf 

Design Bearing Capacity (q.) 

For¢l>O° 

N, = 20.42 

Nq = 10.43 

N7 = 6.53 

Dc = 1.00 

Dq = 1.00 

07 = 1.00 

q4> = cNcScDcGc + qqNqSqD qGq + r~B NrSr DrGrrr 
2 

Excavation 

Nc = 30.14 

N, = 15.07 

5c = 1.54 

s., = 0.64 

Dc = 100 

Dq = 100 

Ur = l .00 

k. = 0000 

Gc = 1.0 

Gq = 1.0 

G, = 1.0 

0.544 

5c = 1.454 

5q = 1.41 1 

s., = 0.644 
Gc = 100 

Gq = 100 

G, = 1.00 

q ... = 31931 psI 

Design Bearing Capacily: 31,900 psf 
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Appendix C – Settlement Calculation Worksheets 
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Fooling width ' 0 400 .0/1 ZV3V5oC 01 
Fooling length ' 0 450 .0/1 Immediate 
Groood ekwahoo 2610/1 Settlement (in .) 
FOl.<ldahoo ekwahoo 2610/1 (Sol 2) 
Groood Wate< elevat"", 225.0/1 ''''' ~ o 

ExCdVated or embedded depth Do 0.0/1 B 
Depth \0 Groundwate< 36.0/1 '" B 
lJr>t~t , 0 120 .0 pel " " Net appj ied fooIiog pressure ,<> 0 3.000 ks/ '" " ", 0 1.13 -

30 Year 

Coml"ltotion Settlement (in .) 

"' ...... , p , = ~o,,<> (S",12) 

p , = 4.235 ''''' ~ o 

5(1) = '" 5(1) = " " Correct"", lor strain rehel C, = " 10.1 
Effect ..... vertilAli overl>lKdeo pressure at 0 " ... = O.!XXI ks/ 
Correct"", lor hrne dependent increase 0, 0 1 +0.2Iog(tl 1.50 -

' 0 30.00 y<>ars 
Elastic rnodo.Jj", 0( soil layer i ," 0 2.5 q" see Col 00111 H ~ L1B = 1 

," 0 3.5q" see CoIOO1I1 H II L1B ~ 10 
Depth ir.cremoo! i " see CoIOO1I1 0 
Inftoooce lactor 0( soil layer i '. Figlxe 34 see CoIOO1I1 G 
Peak depth influence I"""" , 0 • 0.5 + 0.1 (~"",,)' ~ O~ -

; 0 0.58 + 0 200.00 /I II L1B = 1 
; 0 ' , D 400.00 /I IIL1B~10 

; 0 202 .78/1 forL1B=L13 
Effect ..... overburden lK ........ e at depth Izp " .",, = 13.93 ks/ 
Elastic Moduj", ," 0 2.50 q" II L1B = 1 

," 0 3.50 q" IIL1B~10 

," 0 2.51 q" forL1B=L13 

" 
, 

""'" ':" """ .c ~:"" ~",. ~: _t:l~stlC 
""'~ thickness ""'- '. rrOOulus '" '.I'- '" '.I'- -- j;;h [;,' ~i (~I) (::1) ,., , , 

" " " " 129.0 0102 648.5 0.00016 0.00016 , " " " " 1232 0105 6 19.3 0.00017 0.00017 , 
" " " n "" 0107 1152.3 """" """" , 
" '" " " 251.8 0109 1266 .1 """" """" , 
'" '" " " 234.7 0 .111 1179.9 """" """" , 
'" " " " 219.0 011 4 1101 .2 0.00010 0.00010 , 
" '" " " 158.8 0116 "" 0.00015 0.00015 , 
'" '" " " 11 8.3 0118 594.9 0.00020 0.00020 , 
'" '" " " 106.3 0120 534.6 0.00022 0.00022 

'" '" 10.0 " " "", 0122 431.2 0.00028 0.00028 

" 10.0 11.0 " 10.5 97 .4 0125 4!19.9 0.00025 0.00025 

" 11.0 12.0 " 11 .5 120.3 0127 .,.., 0.00021 0.00021 
n 12.0 no " 12.5 116.0 0129 583.0 0.00022 0.00022 

" no 14.0 " 13.5 1202 0.131 .,., 0.00022 0.00022 

" 14.0 15.0 " 14.5 126.4 0 .133 635.3 0.00021 0.00021 

" 15.0 16.0 " 15.5 138.3 0 .136 "" 0.00020 0.00020 
H 16.0 17.0 " 16.5 158.6 0 .138 7W.5 0.00017 0.00017 

'" 17.0 18.0 " 17.5 153.9 0140 773.8 0.00018 0.00018 

" 18.0 19.0 " 18.5 158.4 0142 "" 0.00018 0.00018 

'" 19.0 "'" " 19.5 1592 0145 "'" 0.00018 0.00018 

" "'" 21.0 " "" 172.5 0147 !l67.3 0.00017 0.00017 

" 21.0 "" " 21 .5 185.6 0149 933.3 0.00016 0.00016 

" "" 23.0 " '" "'" 0.151 1000.3 0.00015 0.00015 

" 23.0 24.0 " 23 .5 231.5 0 .153 1164.1 0.00013 0.00013 

" 24 .0 25.0 " 24 .5 255.3 0 .156 1283.7 0.00012 0.00012 

" 25 .0 "" " 25.5 "'" 0.158 1006.9 0.00016 0.00016 

" "" 27.0 " '" 110.9 0160 557.4 0.00029 0.00029 

'" 27.0 28.0 " 27 .5 eo, 0162 4 15.5 0.00039 0.00039 

" 28 .0 n" " 28.5 74.5 0164 374.6 0.00044 0.00044 

'" "" "'" " '" eo , 0167 4 12.5 0.00040 0.00040 

" "'" 31.0 " "" '" 0169 478.8 0.00035 0.00035 

" 31 .0 32.0 " 31 .5 "" 0171 455.3 0.00038 0.00038 
n 32.0 33.0 " 32.5 "" 0.173 456.2 0.00038 0.00038 
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" no "., " m ;" 0.176 263_6 0_00067 0_00067 

'" '" 35_0 " '" 40.6 0.178 "'" 0.110007 0.00007 

" '"' "., " '"' 11 L1 0180 558_5 0.00032 0.00032 

" '" 37_0 " '" 18l.7 0182 9n4 0.00020 0.00020 

'" 37.0 "'., " 37.5 21 1.6 0184 10637 0.00017 0.00017 

'" "" "., " "" 183_9 0187 924_8 0.110020 0.00020 

" 39.0 "., " 39.5 HI4_5 0189 927.7 0.00020 0.00020 

" 40 .0 41.0 " 40 .5 197_9 0191 "'" 0_00019 0_00019 

" 410 42.0 " 41 .5 232_6 0193 116".5 0.00017 0.00017 

" 42 .0 43_0 " 42 .5 "'" 0195 10(H2 0.110019 0_00019 

" 430 M.' " 435 168_9 0196 !l49_0 0_00023 0_00023 

" 44 .0 45_0 " 44 .5 197_8 , "" "'" 0.00020 0.00020 

'" 45 .0 '"., " 45 .5 235_6 0.202 111>1.8 0.00017 0.00017 

" 46.U 41.0 '" 46 _ ~ 2~2_\j U.104 lUlU U_UUU16 U_UUU16 

'" 47 .0 48_0 " 47 .5 252_8 0.207 127J.9 0_00016 0_00016 

" 48 .0 49_0 " 48 .5 ,.., , "" 1337.7 0_00016 0_00016 

"' 49 .0 "'., " 49 .5 277.3 0.211 13940 0.110015 0_00015 

" "" 51.0 " "" "" 0.213 n.1~ _O 0_00016 0_00016 
;, 51 .0 52_0 " 51 .5 245_0 0.215 1231 .6 0.00017 0.00017 

" 52.0 53_0 " 52.5 185_6 0.218 933_0 0_00023 0_00023 

'" '" "'., " m '" , no 418_9 0.110052 0.00052 

"' "" 55.0 " "" 11 5.6 ,m 58· .4 0.00038 0.00038 

" "" "., " "" 104.1 0.224 523.6 0.00043 0.00043 

" '" 57.0 " '" '" ''"' "'., 0.00062 0.00062 

"' 57.0 "'., " 57.5 155.5 ,m 78·.8 0.00029 0.00029 

" "" 59.0 " "" '"" 0.231 1135.7 0.00020 0.00020 

"' 59.0 "'., " 59.5 "" ,m 134H 0.00017 0.00017 

"' "" 61.0 " "" ""' 0.235 1503.3 0.00016 0.00016 

"' 61 .0 "'., " 61 .5 "'" 0.237 10230 0.00023 0.00023 

"' 62 .0 63.0 " 62 .5 157.6 0.240 791.3 0.00030 0.00030 

" "" "., " "" 127.9 0.242 643.2 0.00038 0.00038 

"" '" 65.0 " '" 23.9 0.244 120.0 0.00203 0.00203 

"' "'" "'., " "'" '" 0.246 11 ·.3 0.00221 0.00221 

"' "" 67.0 " "" lO.9 0.249 "" 0.00454 0.00454 

"' 67 .0 "'., " 67 .5 13.7 0.251 69.0 0.00363 0.00363 

"' "" "'., " "" 21 .2 '''" 106.7 0.00237 0.00237 

" 69 .0 70.0 " 69 .5 217 0.255 109.0 0.00234 0.00234 

" 70 .0 no " 70 .5 41.6 0.257 "'" 0.00123 0.00123 

" 710 72.0 " 715 43.2 , oro 217.2 0.00120 0.00120 
n 72.0 no " 72.5 m , "" 112.4 0.00233 0.00233 

" no 74.0 " n5 37.9 '''" 190.6 0.00139 0.00139 

" 74 .0 75.0 " 74 .5 81 .6 ,,.. 4 10.4 ,- ,-
'" 75 .0 76.0 " 75 .5 16 1.6 ' ''' 811.3 0.00033 0.00033 
n 76 .0 no " 76 .5 ." 0271 "" 0.00078 0.00078 

'" no 78.0 " 71.5 332.3 0.273 1671 .0 0.00016 0.00016 

" 78 .0 NO " 78 .5 475.8 0.275 2392 .4 0.00011 0.00011 
00 79 .0 00' " 79 .5 148.3 0.277 745.4 0.00037 0.00037 

"' 00' 8l.0 " 00' 105.5 , "" 530.3 ,- ,-
"' 81 .0 82.0 " 81 .5 87 .5 0.282 MO.' ,- ,-
"' 82.0 83.0 " 82.5 1302 , "" 654.4 0.00043 0.00043 

'" "" "'., " "" 162.1 , "" 814.8 0.00035 0.00035 

"' "" 85.0 " "" 163.0 , "'" 819.4 0.00035 0.00035 

"' 85.0 "'., " 85.5 1002 0.291 503.6 ,- ,-
"' "" 87.0 " "" "" 0.293 455.3 ,- ,-
"' 87.0 "'., " 87.5 '"' , "" 482.6 0.00061 0.00061 

"' "" "'., " "" 192.0 0.297 965.4 0.00031 0.00031 

'" "" "'., " 89.5 154.4 ,m 776.5 0.00039 0.00039 

" "" 91.0 " "" 146.3 0.302 735.7 0.00041 0.00041 

" 91 .0 92.0 " 91 .5 115.3 "'" 57!1.8 0.00052 0.00052 

" 92 .0 93.0 " 92 .5 108.6 '''" 545.9 ,- ,-
" 93 .0 "., " 93 .5 123.9 , "'" 623.1 0.00049 0.00049 

'" '" '"' " '" 1392 0.311 "" 0.00044 0.00044 

'" '"' '"' " '"' 165.6 0.313 832.6 0.00038 0.00038 

" '"' 97.0 " '"' 230.6 0.315 1153.5 0.00027 0.00027 

'"' 97 .0 "., " 97 .5 255.1 0.317 1282.6 0.00025 0.00025 

'"' '"" '"" " '"" 244.4 0.319 12230 0.00026 0.00026 
'00 ." 100.0 " ." 2122 0.322 1065.8 0.00030 0.00030 

'" 100.0 101 .0 " 100.5 156.6 0.324 78D 0.00041 0.00041 

'" 101 .0 102.0 " 101 .5 44 .4 0.326 223.3 0.00146 0.00146 

'" 102.0 103.0 " 102.5 70.2 0.328 353.0 0.00093 0.00093 

'''' 103.0 104.0 " 103.5 91 .8 , "" 46·.6 0.00072 0.00072 

"" 104.0 105.0 " 104.5 '" , ill 474.6 0.00070 0.00070 , .. 105.0 106.0 " 105.5 "" 0.335 492.7 ,- ,-
'" 106.0 107.0 " 106.5 "" 0.337 445.5 0.00076 0.00076 ". 107.0 108.0 " 107.5 "'" , ill 42·2 0.110081 0.00081 

"" 108.0 109.0 " 108.5 69.2 0.342 347.7 ,- ,-
'" 109.0 110.0 " 109.5 59.8 "M "" 0.00114 0.00114 
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'" '" m 

'" '" '" on 

'" ", 
'''' '" '" on 

'" '''' '" m 
'''' m 
'" ' 0 

I" (1 < LIB< lO)

I" (LIB = I)-
Forz ... = 010Bi}: 
Forz ... = Bi}1o 2B-

I" (LIB ~ !O) 
Forz ... = 0108.-

Forz ... = 81048 

110.0 
111 .0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
150.0 

""" 202.8 

""" 400.0 

"'" " """ 700.0 

""" 

111 .0 " 110.5 
112.0 " 111 .5 
113.0 , " 112.5 
114.0 , " 113.5 
115.0 , " 114.5 
116.0 , " 115.5 
117.0 , " 116.5 
118.0 " 117.5 
119.0 " 118.5 
120.0 " 119.5 
150.0 "" 135.0 

""" "'" 175.0 

"" , " 201.4 

""" 97.2 251 .4 
400.0 1000 "'" " "'" " 100.0 450.0 

""" 100.0 """ 700.0 100.0 ""'" """ 1000 750.0 

"'" " 100.0 """ 

I" I" +0.111(1" - I,,}(LIB - I} 

I" = 0_1 + (z . .. tB}(21", - 02) 

I" = O_6671,.12 - z ... tB) 

I" = 0_2 + (z . .. tB}(I", - 02} 

I" = 0_33JI,.(4 - z ... tB} 

;on " '" 2932 0_00118 0_00118 

." " "" ""." 0_00115 0_00115 
59.6 0.350 m, 0.110117 0.00117 
;0" 0.353 75J2.7 0_00120 0_00120 

"'" 0.355 291.7 0.00122 0.00122 
168_8 0.357 M8.7 0_00042 0_00042 .. , 0.359 """ "- "-350_0 0.361 1759.7 0.00021 0.00021 
350_0 " '" 1759.7 0.00021 0.00021 
350_0 "'" 1759.7 0.00021 0.00021 
350_0 " "" 1759.7 0.110682 0_00682 
350_0 """ 1759.7 0_01389 0_01389 
350_0 " '" 1759.7 "- """" 350_0 0.501 1759.7 0_02769 0_02769 
350_0 0.412 1759.7 0_02341 0_02341 
350_0 0.322 1759.7 0_01827 0_01827 
350_0 0.231 1759.7 0.01314 0.01314 
350_0 0.141 1759.7 "- "-350_0 " "'" 1759.7 0.110286 0_00286 
350_0 " "" 1759.7 """" """" 0_18155 

(CoOOIo .228. ) 
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Footing width ' 0 400 .0/1 ZVlV5oC02 
Footing length ' 0 450 .0/1 Irrvrediate 
Groood ekwahoo 2610/1 Settlement (in .) 
FOl.<ldahoo ekwahoo 2610/1 (5012) 

Groood Wate< elevat"'" 225 .0/1 ''''' ~ o 

ExCdVated or embedded depth Do 0.0/1 " Depth \0 Gwundwate< 36.0/1 '" " lJr>t~t , 0 120.0 pel " '" Net Wied footir.g pressure ,» 0 3.000 ks/ '" " ", 0 1.13 -
30 Year 

ComptllOtion Settlement (in .) 

"' ....... , p , = C, c,,l.p (S",12) 

p , = I ''''' ~ o 

5(1) = 0.81 473655 '" 5(1) = I " " Correct"", lor strain reliel C, = " 10.1 
Effect"", vertilAli overl>lKdeo pressure at 0 " ... = , D O.!XXI ks/ 
Correct"", lor hrne dependent increase 0 0 1 +0.2Iog(tIO.l) 1.50 -

' 0 30.00 years 
Elastic rnodo.Jj", 0( soil layer i ," 0 2.5q" see Col 00lIl H ~ L1B = 1 

," 0 3.5q" see CoIOOlIl H II L1B ~ 10 
Depth iocremeot i " see CoIOO1I1 0 
Inftoooce lactor 0( soil layer i '. FiglKe 34 see CoIOO1I1 G 
Peak depth influence lac\or , 0 • 0.5 + 0.1 (,\.pI,,' .. )'~ O~ -

; 0 0.58+ 0 200 .00 /I II L1B = 1 
; 0 ',D 400.00 /I IIL1B~10 

; 0 202 .78/1 forL1B=L13 
Effect"", overburden lK ........ e at depth Izp " .... = 13.93 ks/ 
Elastic Modo.Jj", ," 0 2.50 Q. II L1B = 1 

," 0 3.50 q" IIL1B~10 

," 0 2.51 'lo forL1B=L13 

" - '=' - . '~"" -.,- ''''''' l:Ia.stlC 

"""'"" thickness """. bp stress '. ""'"~ '" '.I'- '" '.I'- -""". """. ;-: ~i I~I\ 1::1\ ,., , , , 
" " " " 111.1 0102 558.7 0.00018 0.00018 , " " " " 139.4 0105 700.7 0.00015 0.00015 , 
" " " n 11 2.9 0107 fE>7.7 0.00019 0.00019 , 
" " " " 144.4 0109 725.9 0.00015 0.00015 , 
" " " " 100.1 0.111 503.3 0.00022 0.00022 , 
" " " " 11 5.8 o 114 5822 0.00020 0.00020 , 
" " " " '" 0116 474.4 0.00024 0.00024 , 
" " " " 139.7 0118 702.5 0.00017 0.00017 , 
" " " " 153.5 0120 771.8 0.00016 0.00016 

'" " 10.0 " " 135.1 0122 6792 0.00018 0.00018 

" 10.0 11.0 " 10.5 11 9.7 0125 601.9 0.00021 0.00021 

" 110 12.0 " 11 .5 H18.3 0127 "" 0.00023 0.00023 
n 12.0 no " 12.5 79.4 0129 M." 0.00032 0.00032 

" no 14.0 " 13.5 '" 0.131 363.9 0.00036 0.00036 

" 14.0 15.0 " 14.5 70.9 0.133 3fE>.5 0.00037 0.00037 

" 15.0 16.0 " 15.5 79.3 0.136 "" 0.00034 0.00034 
H 16.0 t7.0 " 16.5 107.0 0.06 5362 0.00026 0.00026 

'" 17.0 18.0 " 17.5 129.4 0140 650.8 0.00022 0.00022 

" 18.0 19.0 " 18.5 149.1 0142 749.5 0.00019 0.00019 

'" 19.0 "'" " 19.5 217.4 o 145 1092.9 0.00013 0.00013 

" "'" 21.0 " "" 247.7 o 147 1245.6 0.00012 0.00012 

" 21.0 "" " 21 .5 m, 0149 1109.6 0.00013 0.00013 

" 22 .0 23.0 " 22.5 207.3 0.151 1042.3 0.00015 0.00015 

" 23.0 24.0 " 23.5 190.6 0.153 ""., 0.00016 0.00016 

" 24 .0 25.0 " 24.5 175.3 0.1 fE> 861.1 0.00018 0.00018 

" 25 .0 "." " 25.5 160.7 0.158 807.9 0.00020 0.00020 

" "" 27.0 " '" 145.9 0160 733.6 0.00022 0.00022 

'" 27.0 28.0 " 27.5 1362 0162 """ 0.00024 0.00024 

" 28 .0 n" " 28.5 '" 0164 316.2 0.00052 0.00052 

'" "" "'" " '" "" 0167 316.9 """" """" n "'" 31.0 " "" 78.2 0169 393.0 0.00043 0.00043 

" 31 .0 32.0 " 31 .5 78.8 0171 "'" 0.00043 0.00043 
TI 32.0 33.0 " 32.5 41.2 0.173 207.3 """'" """'" 
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• •• ... .. = m ". ... c."""'" • .. •• .. .. ,~ ... =, .-• •• •• .. = ,., .~ -, .-" •• o • .. ~ ~ . ~ _ . 
c."""" 

• ". •• .. ., , ... . ~ " .. .-• •• •• .. .. " • w 
_ . .-• •• ~ .. ., "., ". ., .~ .. •• ... .. ~ .. , "" ... .~ Q .. ... •• .. ... ,~ .m ~ Q .. "' ~ .. ~ '" .. , .. "' Q - ... -. .. ~ ,~ .m II.' Q .. -. ~ .. ., , .. ~~ ~ • .. •• ~ .. ~ ",.0 ~~ m. • .. •• " . .. ~ " .. ~~ ~, • • ". ~ .. ". ., ~~ 
_. .. •• ~ .. •• w, ~ m. 

• ,. ~ .. ' .' ,., 
~" ., .-.. •• ... .. ' .' l1f .l ~" ~. .-" '" •• .. . .. ,~ ~. 

_. .-• = ~ .. .. , .. ~. m 
._, 

• •• O • .. •• .. = •• .-• •• .. .. •• ., = m. •. OD\I! 

• •• •• .. •• ., ~ w. C.""" 
" •• •• .. •• = = ~. ... 
• ... •• '.' ., •• = m. 
• •• O • " •• •• =, . .. 
• •• •• '.' •• ,., = •• .. •• ... " •• "u = ,., 
• ... • • " ... ~. = ,~ 

• •• •• .. •• ~. ~~ ,~ 

0 •• O • .. •• m. ~ - , • O . •• .. O. "H ~ ~, 

• •• •• .. •• .. ~~ ... "-"', .. • •• • f.O .. •• ,,, ~~ .. .=, 
• ... •• .. ... ., =, ,m .-• •• •• .. •• m ~ , .. ."', .. • •• •• .. •• n> ~ t." ."' .. , 
" •• n • .. •• •• ~ , .. ' '''''3 
" '" n. .. ' .. ~ ~ =, ."'". " '" n. .. n. ... ~ .., .-.. 13 .• ",. .. no .. , ~ ,,'-' .-.. ... •• .. '" ... .~ ".~ ' . ..,11 • 

• ". •• .. "' •• .~ = .-n .. n .• .. .. . , .,,, ''''''.1 .-n n. n .• .. n. •• ~n 1Z30.' .-n no n. .. no m .• ~,. =, .-• n. •• .. .. "' .. ~n ".,v .-.. •• ... .. .. , .. .~ =, .= • ... •• .. ... m . ~ _ . .-• •• •• .. "' ''''.2 ~ 
_. .-• •• O • .. = ''''. , ~ II ... .-• •• •• .. ., ,~ ~ II •• .-• •• •• .. ~ ,., ~ ~ .~ 

• •• •• .. ~ . 0 .~ -, .-• •• ~ .. '" •• .~ - •. ODDO' • •• ~ .. ~ , .. . ~ _ . 
•. 0003' 

• •• ~ .. ., ,. ... .~ m, .-• •• •• .. ~ ,~ .m ~, ...... , 
• ... •• .. •• ,,~ . ~ ~ . .-• •• ~ .. ~ ,~ • m ~ . .~ 
• •• O • .. '" ,= .m =, .-• •• ~ .. .. ,., •.• n 

_ . .-• •• ~ .. '" ,~ ..... m • .-" •• •• .. '" nu •. JI' n .... .-• •• ~ .. '" -, ~" ,~ .-• •• ~ .. •• ~ . ~. ,=. .-m •• m • .. ".' "2.2 = ,~ .-., , .. ~. .. ... ,~ ~ m, ._, 
m ~. m. .. 10'.' •• ~ = .-m m. m. .. ... = ~ N. .-m m. ,a. .. ... ." OW . " .-m ,a. , .. .. m. • • OW " ... .-m m. , .. .. ... •• ~ m. .-m , .. , .. '.' _. 

~ = . " .-m , .. , .. '.' m. ~ OW ." ._, 
m , .. , .. '.' .. ., ~ ." .-," , .. , .. '.' m. •• ~ m. .JIG,,. 
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'" '" m 

'" '" '" on 

'" ", 
'''' '" '" on 

'" '''' '" m 
'''' m 
'" ' 0 

I" (1 < LIB< lO)

I" (LIB = I)-
Forz ... = 010Bi}: 
Forz ... = Bi}1o 2B-

I" (LIB ~ !O) 
Forz ... = 0108.-

Forz ... = 81048 

110.0 
111 .0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
150.0 

""" 202.8 

""" 400.0 

"'" " """ 700.0 

""" 

111 .0 " 110.5 
112.0 " 111 .5 
113.0 , " 112.5 
114.0 , " 113.5 
115.0 , " 114.5 
116.0 , " 115.5 
117.0 , " 116.5 
118.0 " 117.5 
119.0 " 118.5 
120.0 " 119.5 
150.0 "" 135.0 

""" "'" 175.0 

"" , " 201.4 

""" 97.2 251 .4 
400.0 1000 "'" " "'" " 100.0 450.0 

""" 100.0 """ 700.0 100.0 ""'" """ 1000 750.0 

"'" " 100.0 """ 

I" I" +0.111(1" - I,,}(LIB - I} 

I" = 0_1 + (z . .. tB}(21", - 02) 

I" = O_6671,.12 - z ... tB) 

I" = 0_2 + (z . .. tB}(I", - 02} 

I" = 0_33JI,.(4 - z ... tB} 

;on " '" 2932 0_00118 0_00118 

." " "" ""." 0_00115 0_00115 
59.6 0.350 m, 0.110117 0.00117 
;0" 0.353 75J2.7 0_00120 0_00120 

"'" 0.355 291.7 0.00122 0.00122 
168_8 0.357 M8.7 0_00042 0_00042 .. , 0.359 """ "- "-350_0 0.361 1759.7 0.00021 0.00021 
350_0 " '" 1759.7 0.00021 0.00021 
350_0 "'" 1759.7 0.00021 0.00021 
350_0 " "" 1759.7 0.110682 0_00682 
350_0 """ 1759.7 0_01389 0_01389 
350_0 " '" 1759.7 "- """" 350_0 0.501 1759.7 0_02769 0_02769 
350_0 0.412 1759.7 0_02341 0_02341 
350_0 0.322 1759.7 0_01827 0_01827 
350_0 0.231 1759.7 0.01314 0.01314 
350_0 0.141 1759.7 "- "-350_0 " "'" 1759.7 0.110286 0_00286 
350_0 " "" 1759.7 """" """" 0_19484 

(CoOOIo .228. ) 
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Footing width ' 0 400 .0/1 ZVlV5oC03 
Footing length ' 0 450 .0/1 Irrvrediate 
Groood ekwahoo 2610/1 Settlement (in .) 
FOl.<ldahoo ekwahoo 2610/1 (5012) 

Groood Wate< elevat"'" 225 .0/1 ''''' ~ o 

ExCdVated or embedded depth Do 0.0/1 " Depth \0 Gwundwate< 36.0/1 '" " lJr>t~t , 0 120.0 pel " " Net Wied footir.g pressure ,<> 0 3.000 ks/ '" " 
"" 0 1.13 -

30 Year 

ComptllOtion Settlement (in .) 

"' ....... , p , = C, c,,l.p (S",12) 

p , = ''''' ~ o 

5(1) = " 5(1) = " " Correct"", lor strain reliel C, = " " Effect"", vertiCdl overl>lKdeo pressure at 0 " ... = , D O.!XXI ks/ 
Correct"", lor hrne dependent increase 0 0 1 +0.2Iog(tIO.l) 1.50 -

' 0 30.00 years 
Elastic rnodo.Jj", 0( soil layer i ," 0 2.5q" see Col 00lIl H ~ L1B = 1 

," 0 3.5q" see CoIOOlIl H II L1B ~ 10 
Depth iocremeot i " see CoIOO1I1 0 
Inftoooce lactor 0( soil layer i '. FiglKe 34 see CoIOO1I1 G 
Peak depth influence lac\or , 0 • 0.5 + 0.1 (,\.pI,,' .. )'~ O~ -

; 0 0.58+ 0 200.00 /I II L1B = 1 
; 0 ',D 400.00 /I IIL1B~10 

; 0 202 .78/1 forL1B=L13 
Effect"", overburden lK ........ e at depth Izp " .... = 13.93 ks/ 
Elastic Modo.Jj", ," 0 2.50 Q. II L1B = 1 

," 0 3.50 q" IIL1B~10 

," 0 2.51 'lo forL1B=L13 

" - '=' - . '~"" -.,- ''''''' l:Ia.stlC 

""""" thickness """. bp stress '. ""'"~ '" '.I'- '" '.I'- -""". """. ;-: ~i I~I\ 1::1\ .., , , , 
" " " 0; 47.6 0102 239.2 0.00043 0.00043 , " " " " '" 0105 334.5 0.00031 0.00031 , 
" " " " 107.0 0107 538.0 0.00020 0.00020 , 
" " " " 129.7 0109 652.1 0.00017 0.00017 , 
" " " " 172.4 0.111 !l67.0 0.00013 0.00013 , 
" " " ;; 244.0 0114 1226.9 """" """" , 
" '" " " 240.7 0116 1210.0 0.00010 0.00010 , 
'" eo " " ""' 0118 1106.6 0.00011 0.00011 , eo '" " " 154.8 0120 778.1 0.00015 0.00015 

'" '" 10.0 " " 11 82 0122 594.3 0.00021 0.00021 

" 10.0 11.0 " 10.5 113.1 0125 "" 0.00022 0.00022 

" 110 12.0 " 11 .5 113.4 0127 570.2 0.00022 0.00022 
n 12.0 no " 12.5 103.6 0129 521.0 0.00025 0.00025 

" no 14.0 " 13.5 108.9 0.131 547.6 0.00024 0.00024 

" 14.0 15.0 " 14.5 Ion 0.133 541.4 0.00025 0.00025 

" 15.0 16.0 " 15.5 116.9 0.136 """ 0.00023 0.00023 
H 16.0 17.0 " 16.5 112.9 0.138 567.8 0.00024 0.00024 

'" 17.0 18.0 " 17.5 134.8 0140 677.5 0.00021 0.00021 

" 18.0 19.0 " 18.5 103.1 0142 518.2 0.00027 0.00027 

'" 19.0 "'" " 19.5 115.6 0145 561.0 0.00025 0.00025 

" "'" 21.0 " "" 71 .7 0147 "'H 0.00041 0.00041 

" 21.0 "" " 21 .5 93.0 0149 467.4 0.00032 0.00032 

" 22 .0 23.0 " 22.5 ,n 0.151 ... , 0.00032 0.00032 

" 23.0 24.0 " 23.5 91 .7 0.153 ""., 0.00033 0.00033 

" 24 .0 25.0 " 24.5 97 .1 0.156 ""'., 0.00032 0.00032 

" 25 .0 "" " 25.5 11 8.5 O. I 56 596.0 0.00026 0.00026 

" "" 27.0 " '" 139.1 0160 "" 0.00023 0.00023 

'" 27.0 28.0 " 27.5 124.6 0162 626.6 0.00026 0.00026 

" 28 .0 "" " 28.5 138.6 0164 "" 0.00024 0.00024 

'" "" "'" " '" 164.8 0167 828.7 0.00020 0.00020 

" "'" 31.0 " "" 1662 0169 835.9 0.00020 0.00020 

" 31 .0 32.0 " 31 .5 156.0 0171 7M.l 0.00022 0.00022 
TI 32.0 33.0 " 32.5 1302 0.173 654.6 0.00026 0.00026 
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" no "., " m 128_9 0.176 00.' 0.00027 0.00027 

'" '" 35_0 " '" 160_5 0.178 "'" 0.110022 0.00022 

" "" "., " "" 163.1 0180 819_9 0.00022 0.00022 

" '" 37_0 " '" 108_9 0182 547.4 0.00033 0.00033 

'" 37.0 "'., " 37.5 173.1 0184 870.1 0.00021 0.00021 

" "" "., " "" 218.1 0187 1095.5 0.110017 0.00017 

" 39.0 "., " 39.5 233_8 0189 1175.4 0_00016 0_00016 

" 40 .0 41.0 " 40 .5 255_3 0191 1283.4 0_00015 0_00015 

" 410 42.0 " 41 .5 265_8 0193 1335.4 0.00014 0.00014 

" 42 .0 43_0 " 42 .5 274.7 0195 1381 .0 0.110014 0.00014 

" 430 "., " 435 302_6 0196 1521 .3 0.00013 0.00013 

" 44 .0 45_0 " 44 .5 2852 '000 1433.9 0.00014 0.00014 

'" 45 .0 '"., " 45 .5 247.4 0.202 124t.O 0_00016 0_00016 

" 46.U 41.0 '" 46 _ ~ 1l~_1 U.104 11:J1!J u_uuum U.UUU1U 

'" 47 .0 48_0 " 47 .5 178_8 0.207 em 0_00023 0_00023 

" 48 .0 49_0 " 48 .5 133.1 , "" "" 0.00031 0.00031 

"' 49 .0 "'., " 49 .5 47.9 0.211 24·_0 ,- ,-
" "" 51.0 " "" '" 0.213 173_5 0_00123 0_00123 

" 51 .0 52_0 " 51 .5 '''' 0.215 193.1 0.00112 0.00112 

" 52.0 53_0 " 52.5 ." 0.218 "'" ,- ,-
'" '" "'., " m 1642 , no 825_6 0.110027 0_00027 

"' "" 55_0 " "" 234_1 ,m 1177.2 0_00019 0_00019 

" "" "., " "" 213.7 0.224 107t.4 0_00021 0_00021 

" '" 57_0 " '" 172_5 ''"' !l67A 0_00026 0_00026 

"' 57.0 "'., " 57.5 211 A ,m 1063.1 0_00022 0_00022 

" "" 59_0 " "" "" , 0.231 1321.9 0_00017 0_00017 

"' 59.0 "'., " 59.5 331_9 ,m 1669.9 0_00014 0_00014 

"' "" 61_0 " "" 231A 0.235 1163.6 0_00020 0_00020 

"' 61 .0 "'., " 61 .5 164_1 0.231 8252 0_00029 0_00029 

"' 62.0 63.0 " 62.5 109.7 0.240 55·_6 0_00043 0_00043 

" "" "., " "" '" 0.242 26J.7 0_00092 0_00092 

"" '" 65_0 " '" '" 0.244 173_0 0_00141 0_00141 

"' "'" "'., " "'" "" 0.246 100.7 0_00136 0_00136 

"' "" 67_0 " "" "" 0.249 100_5 0_00247 0_00247 

"' 67.0 "'., " 67.5 148_9 0.251 748_5 0_00034 0_00034 

"' "" "'., " "" '" '''" 463_3 ,- ,-
" 69.0 70_0 " 69.5 49.6 0.255 249.4 0_00102 0_00102 

" 70.0 71.0 " 70.5 81 .9 0.257 41· .7 ,- ,-
n 71.0 72.0 " 71 .5 "'., , "" 183J.3 0_00014 0_00014 
n 72.0 73.0 " 72.5 403.7 , "" 2023.9 0_00013 0_00013 

" 73.0 74_0 " 73.5 46.9 , "" 235_8 0_00112 0_00112 

" 74.0 75_0 " 74.5 74.3 ''"' 373.6 0_00071 0_00071 

'" 75.0 76_0 " 75.5 93.7 , "" 47· _1 0_00057 0_00057 
n 76.0 77.0 " 76.5 "" 0.271 451A ,- ,-
'" 77.0 78_0 " 77.5 123_8 0.273 622_6 0_00044 0_00044 

" 78.0 NO " 78.5 126_3 0.275 634_8 0_00043 0_00043 
00 79 .0 00' " 79.5 148_3 0.277 745A 0_00037 0_00037 

"' 00' 81.0 " 00' 105_5 , "" 530_3 ,- ,-
"' 81 .0 82_0 " 81 .5 87.5 0.282 MO.' ,- ,-
"' 82.0 83_0 " 82.5 1302 , "" 654.4 0_00043 0_00043 

'" "" "'., " "" 162_1 , "" 814_8 0_00035 0_00035 

"' "" 85_0 " "" 163_0 , "'" 819A 0_00035 0_00035 

"' 85.0 "'., " 85.5 1002 0.291 503_6 ,- ,-
"' "" 87_0 " "" "" 0.293 455_3 ,- ,-
"' 87.0 "'., " 87.5 '"' , "" 482_6 0_00061 0_00061 

"' "" "'., " "" 192_0 0.297 965A 0_00031 0_00031 

'" "" "'., " 89.5 154A ,m 776_5 0_00039 0_00039 

" "" 91_0 " "" 146_3 0.302 735.7 0_00041 0_00041 

" 91 .0 92_0 " 91 .5 115_3 "'" 579_8 0_00052 0_00052 

" 92.0 93_0 " 92.5 108_6 '''" 545_9 ,- ,-
" 93.0 "., " 93.5 123_9 , "'" 623_1 0_00049 0_00049 

'" '" '"' " '" 1392 0.311 "" 0_00044 0_00044 

'" '"' '"' " '"' 165_6 0.313 832_6 0_00038 0_00038 

" '"' 97_0 " '"' 230_6 0.315 1153.5 0_00027 0_00027 

'"' 97.0 "., " 97.5 255_1 0.317 1282.6 0_00025 0_00025 

'"' '"" '"" " '"" 244A 0.319 1223.0 0_00026 0_00026 
'00 ." 100.0 " ." 2122 0.322 1065.8 0_00030 0_00030 

'" 100.0 101 .0 " 100.5 156_6 0.324 78D 0_00041 0_00041 

'" 101 .0 102.0 " 101 .5 44 .4 0.326 223_3 0_00146 0_00146 

'" 102.0 103.0 " 102.5 70.2 0.328 353_0 0_00093 0_00093 

'''' 103.0 104.0 " 103.5 91 .8 , "" 46·_6 0_00072 0_00072 

"" 104.0 105.0 " 104.5 '" , ill 474_6 0_00070 0_00070 ". 105.0 106.0 " 105.5 '"" 0.335 492.7 ,- ,-
'" 106.0 107.0 " 106.5 "" 0.337 445_5 0_00076 0_00076 ". 107.0 108.0 " 107.5 "'" , ill 42·2 0.110001 0_00001 

"" 108.0 109.0 " 108.5 69.2 0.342 34n ,- ,-
'" 109.0 110.0 " 109.5 59.8 "" "" 0_00114 0_00114 



K-CLC-Z-00014, Rev. 0  Sheet 50 
  

C-51 

 

'" '" m 

'" '" '" on 

'" ", 
'''' '" '" on 

'" '''' '" m 
'''' m 
'" ' 0 

I" (1 <LIB< lO)

I" (LIB = I)-
Forz ... = 010Bi}: 
Forz ... = Bi}1o 2B -

I" (LIB ~ !O) 
Forz ... = 0108.-

Forz ... = 81048 

110.0 
111 .0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
150.0 

""" 202.8 

""" 400.0 

"'" " """ 700.0 

""" 

111 .0 " 110.5 
112.0 " 111 .5 
113.0 , " 112.5 
114.0 , " 113.5 
115.0 , " 114.5 
116.0 , " 115.5 
117.0 , " 116.5 
118.0 " 117.5 
119.0 " 118.5 
120.0 " 119.5 
150.0 "" 135.0 

""" "'" 175.0 

"" , " 201.4 

""" 97.2 251 .4 
400.0 1000 "'" " "'" " 100.0 450.0 

""" 100.0 """ 700.0 100.0 ""'" """ 1000 750.0 

"'" " 100.0 """ 

I" I" +0.111(1" - I,,}(LIB - I} 

I" = 0_1 + (z . .. tB}(21", - 02) 

I" = O_6671,.12 - z ... tB) 

I" = 0_ 2+ (z . .. tB}(I", - 02} 

I" = 0_33JI,.(4 - z ... tB} 

;on " '" 2932 0_00118 0_00118 

." " "" ""." 0_00115 0_00115 
59.6 0.350 m, 0.110117 0.00117 
;0" 0.353 75J2.7 0_00120 0_00120 

"'" 0.355 291.7 0.00122 0.00122 
168_8 0.357 M8.7 0_00042 0_00042 .. , 0.359 """ "- "-350_0 0.361 1759.7 0.00021 0.00021 
350_0 " '" 1759.7 0.00021 0.00021 
350_0 "'" 1759.7 0.00021 0.00021 
350_0 " "" 1759.7 0.110682 0_00682 
350_0 """ 1759.7 0_01389 0_01389 
350_0 " '" 1759.7 "- """" 350_0 0.501 1759.7 0_02769 0_02769 
350_0 0.412 1759.7 0_02341 0_02341 
350_0 0.322 1759.7 0_01827 0_01827 
350_0 0.231 1759.7 0.01314 0.0131 4 
350_0 0.141 1759.7 "- "-350_0 " "'" 1759.7 0.110286 0_00286 
350_0 " "" 1759.7 """" """" 0_17045 

(CoOOIo .228.) 
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Footing width 
Footing length 
Groood ekwahoo 
FOl.<ldahoo ekwahoo 
Groood Wate< elevat"'" 
ExCdVated or embedded depth 
Depth \0 Gwundwate< 
lJr>t~t 

Net Wied footir.g pressure 

Correct"", for strain reliel 
Effect ..... vertilAli overl>lKdeo pressure at 0 
Correct"", for hrne dependent increase 

Depth iocremeot i 
Inftoooce factor of soil layer i 
Peak depth influence fac\or 

Effect ..... overburden lK<!SSlKe at depth lzp 
Elastic Moduh.os 

- '=' -""""" """. """. .., , , , 
" " , " '" , 
'" eo , eo '" , 
'" '" , 
'" " , 
" " , 
" eo , eo '" '" '" 10.0 

" 10.0 11.0 

" 110 12.0 
n 12.0 no 

" no 14.0 

" 14.0 15.0 

" 15.0 16.0 
H 16.0 17.0 

'" 17.0 18.0 

" 18.0 19.0 

'" 19.0 "'" " "'" 21.0 

" 21.0 ,," 
" 22 .0 23.0 

" 23.0 24.0 

" 24 .0 25.0 

" 25 .0 "" " "" 27.0 

'" 27 .0 28.0 

" 28 .0 "" '" "" "'" " "'" 31.0 

" 31 .0 32.0 
TI 32.0 33.0 

' 0 
' 0 

Do 

, 0 
,» 0 
", 0 

p , = C, c,,l,p 
p , = 

5(1) = 
5(1) = 

C, = 
,,',. = , D 
0 0 1 +0.21og(1IO.l) 

' 0 
," 0 2.5q" 
," 0 3.5q" 

" '. FiglKe 34 
, 0 • 0.5 + 0.1 (,\.pI,,' .. )'~ 
; 0 0.58+ 0 
; 0 ',D 
; 0 

" .... = 
," 0 
," 0 
," 0 

. '~"" -.,- ''''''' thickness """. bp stress 

;-: ~i I~I\ 
" " 254.1 

" " 195.0 

" n 166.6 

" " 120.8 

" " 114.0 

" " 115.8 

" " ", 
" " ." 
" " 10 1.5 

" " ." 
" 10.5 103.1 

" 11 .5 11 8.0 

" 12.5 121.6 

" 13.5 100 

" 14.5 1132 

" 15.5 110.4 

" 16.5 11 1.7 

" 17.5 129.8 

" 18.5 14 1.9 

" 19.5 156.1 

" "" 141.3 

" 21 .5 1312 

" 22 .5 12U 

" 23 .5 126.6 

" 24 .5 11 8.1 

" 25 .5 134.0 

" '" 106.8 

" 27 .5 1332 

" 28 .5 174.6 

" '" 147.8 

" "" 78.0 

" 31 .5 ." 
" 32.5 126.8 

400 .0/1 ZVlV5oC04 
450 .0/1 IlI'lIrediate 
2610/1 Settlement (in .) 
2610/1 (Sol 2) 

225 .0/1 ''''' ~ o 

0.0/1 " 36.0/1 '" " 120.0 pd " " 3.000 ks/ '" " 1.13 -
30 Year 

Settlement (in .) 
(S",12) 

''''' ~ o 

'" " " " 10.0 
O.!XXI ks/ 

1.50 -

30 .00 y<>ars 
see Col 00lIl H ~ L1B = 1 
see CoIOOlIl H II L1B ~ 10 
see CoIOO1I1 0 
see CoIOO1I1 G 
O~ -

200 .00 /I II L1B = 1 
400.00 /I IIL1B~10 

202 .78/1 lorL1B=L13 
13.93 ks/ 
2 .50 Q. II L1B = 1 
3 .50 q" IIL1B~10 

2.51 'lo forL1B=L13 

" 
'. 

!:Ia.s!1C 

""'"~ '" '.I'- '" '.I'- -1::1\ 
0102 1277.8 """"" """"" 0105 ,." 0.00011 0.00011 
0107 837.8 0.00013 0.00013 
0109 607.3 0.00018 0.00018 
0 .111 573.1 0.00019 0.00019 
0114 582.1 0.00020 0.00020 
0116 482.0 0.00024 0.00024 
0118 432.1 0.00027 0.00027 
0120 510.2 0.00024 0.00024 
0122 450.0 0.00027 0.00027 
0125 518.4 0.00024 0.00024 
0127 593.3 0.00021 0.00021 
0129 611.6 0.00021 0.00021 
0 .131 524.3 0.00025 0.00025 
0 .133 "'" 0.00023 0.00023 
0 .136 554.9 0.00024 0.00024 
0 .138 561.7 0.00025 0.00025 
0140 652.7 0.00021 0.00021 
0142 713.5 0.00020 0.00020 
0145 7!14.6 0.00018 0.00018 
0147 710.5 0.00021 0.00021 
0149 659.4 0.00023 0.00023 
0 .151 ron 0.00025 0.00025 
0 .153 636.6 0.00024 0.00024 
0 .156 593.7 0.00026 0.00026 
0 .158 673.7 0.00023 0.00023 
0160 536.9 0.00030 0.00030 
0162 "" 0.00024 0.00024 
0164 877.7 0.00019 0.00019 
0167 743.0 0.00022 0.00022 
0169 392.1 0.00043 0.00043 
0171 430.3 0.00040 0.00040 
0 .173 637.3 0.00027 0.00027 
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" no "., " m 146_0 0 .176 734_0 0.00024 0.00024 

'" '" 35_0 " '" 165_8 0.178 833.7 0.110021 0.00021 

" '"' "., " '"' 182_5 0180 9 17.4 0.00020 0.00020 

" '" 37_0 " '" 196_8 0182 ""' 0_00018 0_00018 

'" 37.0 "'., " 37.5 197_0 0184 ,." 0_00019 0_00019 

'" "" "., " "" 219_6 0187 11043 0.110017 0.00017 

" 39.0 "., " 39.5 255.7 0189 1285.5 0_00015 0_00015 

" 40 .0 41.0 " 40 .5 273.8 0191 1375.6 0.00014 0.00014 

" 410 42.0 " 41 .5 261_8 0193 1315.4 0_00015 0_00015 

" 42 .0 43_0 " 42 .5 m, 0195 1152.8 0.110017 0.00017 

" 430 M.' " 435 1202 0196 "'" 0.00033 0.00033 

" 44 .0 45_0 " 44 .5 202_9 '000 lOH9 0.00020 0.00020 

" 45 .0 "., " 45 .5 211.3 0 .202 1062.5 0_00019 0_00019 

" 46.U 41.0 '" 46 _ ~ 2 1 ~_O U.104 l001 .U U_UUU1~ U_UUU1~ 

'" 47 .0 48_0 " 47 .5 232_8 0.207 117J.2 0_00018 0_00018 

'" 48 .0 49_0 " 48 .5 219.7 , "" 11044 0_00019 0_00019 

"' 49 .0 "'., " 49 .5 214_3 0.211 1071.2 0.110020 0.00020 

" "" 51_0 " "" 257_0 0 .213 1292.0 0_00016 0_00016 

" 51 .0 52_0 " 51 .5 "'., 0.215 1321.3 0_00016 0_00016 

" 52 .0 53_0 " 52 .5 259.4 0.218 13m.l 0.00017 0.00017 

'" '" "'., " m 2422 , no 1211.7 0.110018 0_00018 

"' "" 55_0 " "" 231_6 ,m 11&1.5 0_00019 0_00019 

" "" "., " "" 11;0.4 0.224 "'" 0_00028 0_00028 

" '" 57_0 " '" 'm ''"' 455_2 ,- ,-
"' 57.0 "'., " 57.5 239_5 ,m 1203.9 0_00019 0_00019 

'" "" 59_0 " "" 281.4 0.231 1415.0 0_00016 0_00016 

"' 59.0 "'., " 59.5 2582 ,m 1293.1 0_00018 0_00018 

" "" 61_0 " "" 200_1 0.235 1400.5 0_00017 0_00017 

" 61 .0 "., " 61 .5 262.7 0.237 132J.7 0_00018 0_00018 

" 62.0 63.0 " 62.5 129.7 0.240 652.0 0_00037 0_00037 

" '" "., " '" 1832 0.242 920_9 0_00026 0_00026 

'" '" 65_0 " '" 258.4 0.244 12!Hl 0_00019 0_00019 

" "" "., " "" 100_1 0.246 "" 0_00027 0_00027 

" '" 67_0 " '" 24.0 0.249 120_5 0_00206 0_00206 

'" 67.0 "'., " 67.5 17.2 0.251 "" 0_00290 0_00290 

'" "" '"., " "" 21 .5 '''" 108_2 0_00234 0_00234 

" 69.0 70_0 " 69.5 16.4 0.255 82.4 0_00310 0_00310 

" 70.0 71.0 " 70.5 13.9 0.257 69.7 0_00369 0_00369 
n 71.0 72.0 " 71 .5 '" , oro 161_0 0_00160 0_00160 
n 72.0 73.0 " 72.5 19.0 , "" "" 0_00275 0_00275 

" 73.0 74_0 " 73.5 12.8 '''' '" 0_00412 0_00412 

" 74.0 75_0 " 74.5 "" '"" 276_9 ,- ,-
" 75.0 76_0 " 75.5 132_1 , "" "'., 0_00040 0_00040 
n 76.0 77.0 " 76.5 125_0 0.271 628_3 0_00043 0_00043 

'" 77.0 78_0 " 77.5 203.4 0.273 1022.7 0_00027 0_00027 

'" 78.0 NO " 78.5 140_6 0.275 707.0 0_00039 0_00039 
00 79 .0 00' " 79.5 513.4 0.277 2581 .3 0_00011 0_00011 

"' 00' 81.0 " 00' 105_5 , "'" 530_3 ,- ,-
"' 81 .0 82_0 " 81 .5 87.5 0.282 MO.' ,- ,-
"' 82.0 83_0 " 82.5 1302 , "" 654.4 0_00043 0_00043 
M "" M.' " "" 162_1 , "" 814_8 0_00035 0_00035 

"' M' 85_0 " M' 163_0 , "'" 819.4 0_00035 0_00035 

"' 85.0 "'., " 85.5 1002 0.291 503_6 ,- ,-
"' "" 87_0 " "" "'" 0.293 455_3 ,- ,-
"" 87.0 ""., " 87.5 .. , ''"' 482_6 0_00061 0_00061 

"' ""' "'., " ""' 192_0 0.297 965.4 0_00031 0_00031 

"" "" ""., " 89.5 154.4 ' ''' 776_5 0_00039 0_00039 

"' "'" 
91_0 " "'" 

146_3 0.302 735.7 0_00041 0_00041 

"' 91 .0 92_0 " 91 .5 115_3 "'" 579_8 0_00052 0_00052 

"' 92.0 93_0 " 92.5 108_6 , ". 545_9 ,- ,-
" 93.0 "., " 93.5 123_9 , "'" 623_1 0_00049 0_00049 

"' '" "'., " '" 1392 0.311 "" 0_00044 0_00044 .. "" .. , " "" 165_6 0.313 832_6 0_00038 0_00038 

"' .. , 97_0 " .. , 230_6 0.315 1153.5 0_00027 0_00027 

'"' 97.0 "., " 97.5 255_1 0.317 1282.6 0_00025 0_00025 

'" '"" '"' " '"" 244.4 0.319 12EO 0_00026 0_00026 
'00 ." 100.0 " ." 2122 0.322 1065.8 0_00030 0_00030 

'" 100.0 101 .0 " 100.5 156_6 0.324 78D 0_00041 0_00041 

'" 101 .0 102.0 " 101 .5 44 .4 0.326 223_3 0_00146 0_00146 

'" 102.0 103.0 " 102.5 70.2 0.328 353_0 0_00093 0_00093 

'''' 103.0 104.0 " 103.5 91 .8 "'" 46·_6 0_00072 0_00072 

'''' 104.0 105.0 " 104.5 '" , ill 474_6 0_00070 0_00070 

'"' 105.0 106.0 " 105.5 "" 0.335 492.7 ,- ,.-
'" 106.0 107.0 " 106.5 ""' 0.337 445_5 0_00076 0_00076 

''''' 107.0 108.0 " 107.5 "'" , ill 42·2 0.110001 0_00001 

'''' 100.0 109.0 " 100.5 69.2 0.342 347.7 ,- ,-
'" 109.0 110.0 " 109.5 59.8 "M "" 0_00114 0_00114 
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'" '" m 

'" '" '" on 

'" ", 
'''' '" '" on 

'" '''' '" m 
'''' m 
'" ' 0 

I" (1 <LIB< lO)

I" (LIB = I)-
Forz ... = 010Bi}: 
Forz ... = Bi}1o 2B -

I" (LIB ~ !O) 
Forz ... = 0108.-

Forz ... = 81048 

110.0 
111 .0 
112.0 
113.0 
114.0 
115.0 
116.0 
117.0 
118.0 
119.0 
120.0 
150.0 

""" 202.8 

""" 400.0 

"'" " """ 700.0 

""" 

111 .0 " 110.5 
112.0 " 111 .5 
113.0 , " 112.5 
114.0 , " 113.5 
115.0 , " 114.5 
116.0 , " 115.5 
117.0 , " 116.5 
118.0 " 117.5 
119.0 " 118.5 
120.0 " 119.5 
150.0 "" 135.0 

""" "'" 175.0 

"" , " 201.4 

""" 97.2 251 .4 
400.0 1000 "'" " "'" " 100.0 450.0 

""" 100.0 """ 700.0 100.0 ""'" """ 1000 750.0 

"'" " 100.0 """ 

I" I" +0.111(1" - I,,}(LIB - I} 

I" = 0_1 + (z . .. tB}(21", - 02) 

I" = O_6671,.12 - z ... tB) 

I" = 0_ 2+ (z . .. tB}(I", - 02} 

I" = 0_33JI,.(4 - z ... tB} 

;on " '" 2932 0_00118 0_00118 

." " "" ""." 0_00115 0_00115 
59.6 0.350 m, 0.110117 0.00117 
;0" 0.353 75J2.7 0_00120 0_00120 

"'" 0.355 291.7 0.00122 0.00122 
168_8 0.357 M8.7 0_00042 0_00042 .. , 0.359 """ "- "-350_0 0.361 1759.7 0.00021 0.00021 
350_0 " '" 1759.7 0.00021 0.00021 
350_0 "'" 1759.7 0.00021 0.00021 
350_0 " "" 1759.7 0.110682 0_00682 
350_0 """ 1759.7 0_01389 0_01389 
350_0 " '" 1759.7 "- """" 350_0 0.501 1759.7 0_02769 0_02769 
350_0 0.412 1759.7 0_02341 0_02341 
350_0 0.322 1759.7 0_01827 0_01827 
350_0 0.231 1759.7 0.01314 0.0131 4 
350_0 0.141 1759.7 "- "-350_0 " "'" 1759.7 0.110286 0_00286 
350_0 " "" 1759.7 """" """" 0_17968 

(CoOOIo .228.) 
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Footing width 
Footing length 
Groood ekwahoo 
FOl.<ldahoo ekwahoo 
Groood Wate< elevat"'" 
ExCdVated or embedded depth 
Depth \0 Gwundwate< 
lJr>t~t 

Net Wied footir.g pressure 

Correct"", for strain reliel 
Effect ..... vertiCdl overl>lKdeo pressure at 0 
Correct"", for hrne dependent increase 

Depth iocremeot i 
Inftoooce factor of soil layer i 
Peak depth influence fac\or 

Effect ..... overburden lK<!SSlKe at depth lzp 
Elastic Moduh.os 

- '=' -""""" """. """. .., , , , 
" " , " " , 
" " , 
" " ; " ;0 

" ;0 "' , 
"' " , 
" " , 
" " '" " 10_0 

" 10.0 11_0 

" 110 12_0 
n 12.0 no 

" no 14_0 

'" 14.0 15_0 

'" 15.0 16_0 
H 16.0 17.0 

'" 17.0 18_0 

" 18.0 19_0 

'" 19.0 "'" " "'" 21.0 

" 21.0 "" " 22.0 23.0 

" 23.0 24_0 

'" 24.0 25_0 

'" 25.0 '"" " '"" 27.0 

'" 27.0 28_0 

" 28.0 "" '" "" "'" " "'" 31_0 

" 31 .0 32_0 
TI 32.0 33.0 

' 0 
' 0 

Do 

, 0 
,<> 0 
", 0 

p,= C, C,,\.pI.(~IJE.) 
p,= II 

5(1) = 
5(1) = II 
C, = - O.5(,,·oIq·) 

,,',. = , D 
0 0 1 +0.21og(110_l) 
' 0 

," 0 2_5q" 
," 0 3_5q" 

" '. FiglKe 34 
, 0 • 0_5 + 0_1 (,\.pI,,' .. )'~ 
; 0 0_58+ 0 
; 0 ',D 
; 0 

" .... = 
," 0 
," 0 
," 0 

. '~"" -.,- ''''''' thickness """. bp stress 

;-: ~i I~I\ 
" 0; 361_5 

" '" 367.4 

" n 271.5 

" '" 328_5 

" '" 219_5 

" ;; 1592 

" ;; 154_9 

" '" 1322 

" '" "'" " ,; 219_3 

" 10.5 225.4 

" 11 .5 224_7 

" 12.5 221.4 

" 13.5 194_9 

" 14.5 176_0 

" 15.5 176.4 

" 16.5 192_5 

" 17.5 196_6 

" 18.5 210_8 

" 19.5 227_1 

" "'; 234_8 

" 21 .5 239_6 

" 22.5 253_3 

" 23.5 246_9 

" 24.5 243_1 

" 25.5 234_9 

" '"; 236_5 

" 27.5 21 12 

" 28.5 179_9 

" ,,; 146_1 

" "'; ,,; 
" 31 .5 1472 

" 32.5 183.7 

400.0/1 ZVlV5oC05 
450.0/1 IlI'lIrediate 
2610/1 Settlement (in .) 
2610/1 (5012) 
225.0/1 ''''' ~ o 

0.0/1 " 36.0/1 '" " 120.0 pd " '" 3.000 ks/ "" "; 
1.13 -

30 Year 
Settlement (in .) 

0.522/1 "'""'" (S",12) 

[fJt II ''''' ~ o 

" 9.366 in " "" HXXl - "' " O.!XXI ks/ 
1.50 -

30.00 y<>ars 
see Col 00lIl H ~ L1B = 1 
see CoIOOlIl H II L1B ~ 10 
see CoIOO1I1 0 
see CoIOO1I1 G 
O~ -

200.00 /I II L1B = 1 
400.00 /I IIL1B~10 

202.78/1 lorL1B=L13 
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0.173 923_7 0_!XXI19 0_!XXI19 
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Burland and Burbidge Method 
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Maximum Excavation, Maximum C2 Layer (SE Sector) 

H 
It 

Excavation Excavate 120 14 
S1/2 
C2 

Operation Tank Ops 
S1/2 
C2 

Cap Backfill 
S1/2 
C2 

120 33 
58 11 

120 33 
58 11 

125 21 
120 33 
58 11 

e, C, C, OCR B L 
ft ft 

400 450 

1.70 0.50 0.11 1,0 

400 450 

1.700.50 0.11 1.0 

400 450 

1.70 0.50 0.11 1.0 

Heave 1 Settlement 
0', 0', F "" ' 0', H OJ < op OJ > op 'H 
p,f p,f p,f p,f inches inches inches inches 

- 1,680 

5,959 5,959 0.84 -1,412 4,547 -0.63 0,00 0,00 -0.63 -0.63 

3,000 

4,547 5,959 0.84 2,521 7,068 0,00 0,00 2.44 2.44 1.81 

3,000 

7,068 7,068 0.84 2,521 9,589 0,00 0,00 3.24 3.24 5.05 
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1. Introduction 

The purpose of this calculation is to provide an evaluation of liquefaction potential and estimate 
settlements due to liquefaction and partial liquefaction.  See Figure 1 for the location of Disposal 
Cells 3 and 5. 

2. Input 

2.1 Site Configuration and Soil Properties 

The surface elevation at the project site ranges from 263 ft to 275 ft, msl.  Groundwater elevation 
at the site ranges from 215 to 220 ft, msl (Ref. WSRC, 2003).  See Figure 1.   Estimated seasonal 
fluctuation is about 5 feet.  Since only saturated soils are susceptible to liquefaction, a 
conservative water level of 225 ft, msl will be used for the computation of liquefaction potential 
and settlement. 

Seventeen (17) CPTs and and SCPTs were pushed for the Disposal Cells 3 and 5 site, see Figure 
2.  Stratigraphic interpretations of the CPT and SCPTs are summarized below (Ref. SRS, 2009a).  
SCPT data is included in Appendix A. 

    Elevation Top Pick (ft, msl) 

ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer 

ZV3V5C1 SCPT 78429 66907 264.9  224 185 
ZV3V5C2 CPT 78267 66960 268.6 221 215 184 
ZV3V5C3 CPT 78477 66813 263.9  219 190 
ZV3V5C4 SCPT 78405 66836 266.8  221 186 
ZV3V5C5 CPT 78325 66863 268.8 226 221 186 
ZV3V5C6 SCPT 78244 66889 268.8 229 217 187 
ZV3V5C7 SCPT 78173 66913 268.2 233 223  
ZV3V5C8 CPT 78374 66741 267.7 220 216 186 
ZV3V5C9 SCPT 78293 66768 270.4 225 216 173 

ZV3V5C10 CPT 78213 66794 270.7 227 211 178 
ZV3V5C11 SCPT 78414 66623 264.7 218 215 185 
ZV3V5C12 SCPT 78343 66646 268.1 219 216 186 
ZV3V5C13 CPT 78262 66673 272 225 221 184 
ZV3V5C14 SCPT 78181 66699 273 228 216 186 
ZV3V5C15 CPT 78110 66723 271.6 231 220 178 
ZV3V5C16 CPT 78319 66575 268.7 NP 228 186 
ZV3V5C17 SCPT 78158 66628 274.6 228 219 186 

S1/S2 layer consists of the Upland Formation, Tobacco Road Formation, and the upper portion 
of the Dry Branch Formation.  The C2 Layer is the Tan Clay Unit within the Dry Branch 
Formation.  The S3 layer is the lower portion of the Dry Branch Formation, while the S4 layer is 
the Santee/Tinker Formation.  For this calculation, the liquefaction analysis is performed for the 
saturated portions of the Tobacco Road and Dry Branch Formations (S1/S2, C2, and S3 layers).  
The Santee Formation (S4 layer) is assumed to be too deep for liquefaction (Ref. SRS 2006a).  
Dynamic settlement within the Santee Formation is due to “soft zones” and is covered in another 
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calculation, K-CLC-Z-00016. 

Soil unit weights were determined from undisturbed samples taken during the subsurface 
investigation.  Within the Tobacco Road and Dry Branch formations, the unit weights ranged 
from 115to 130 pcf.  A value of 120 pcf was used for this calculation.  Sieve analyses were 
performed on soil samples taken from geotechnical boreholes as part of the subsurface 
investigation.  The locations of the boreholes are summarized in the table below.  Table 1 
summarizes the fines content of the soil samples. 

ID 
SRS 

Northin
g 

SRS 
Eastin

g 

Elevatio
n 

ft, msl 
Adjacent CPT 

ZV3V5B1 78395 66839 266.9 ZV3V5C4 
ZV3V5B2 78235 66894 269.9 ZV3V5C6 
ZV3V5B3 78333 66649 268.3 ZV3V5C12 
ZV3V5B4 78171 66702 272.8 ZV3V5C14 

2.2 Design Basis Earthquake 

The design basis earthquake is based on the response spectra generated by the methodology 
found in the IBC Section 1613 (Ref. IBC, 2003).  The peak ground acceleration (PGA) is 0.20g.  
The derivation of this value is found in Appendix B. 

The USGS has performed a site specific Probabilistic Seismic Hazard Analysis (PSHA) for the 
SRS (Ref. Frankel, 1999).  See Appendix C.  The SRS PGA dissagregation for the 2,500 year 
return period is presented in Figure 3 and Table 2.  The hazard dissagregation is used to establish 
weights for averaging earthquake results based on earthquake magnitude. 

3. Computation 

3.1 Liquefaction Susceptibility 

In this calculation the liquefaction potential for the Saltstone Disposal Cells 3 and 5 is evaluated 
using a modified version of the “Simplified Procedure for Evaluating Soil Liquefaction 
Potential” (Ref. Seed and Idriss, 1971; NCEER, 1997; Youd et al., 2001).  The simplified 
procedure calculates the liquefaction factor of safety as the ratio of Cyclic Resistance Ratio 
(CRR) to the Cyclic Stress Ratio (CSR) generated by the earthquake.   
 Factor of Safety = CRR / CSR 
It should be noted that CRR was previously termed CSR required to induce liquefaction, but has 
been changed to more clearly distinguish the term from the CSR induced by the earthquake (Ref. 
NCEER, 1997).  The CRR (soil capacity) and CSR (earthquake demand) are defined below 
 CRR = τave / σ'vo  
where:  
 τave  = average shear stress required to induce liquefaction 
 σ'vo  = effective vertical overburden stress  
CSR is  
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 CSR = τave / σ'vo  = 0.65 × (amax / g) × (σvo / σ’vo) ×  rd 
where:  
 τave = average shear stress induced by the earthquake 
 σ'vo = effective vertical overburden stress  

3.1.1 Earthquake Demand or Cyclic Stress Ratio (CSR) 

The “Simplified Procedure for Evaluating Soil Liquefaction Potential” uses peak ground 
acceleration (PGA) to estimate shear stress (τave) at ground surface and a stress reduction factor 
(rd) to calculate τave as a function of depth (Ref. Seed and Idriss, 1971; NCEER, 1997).  The 
simplified method of CSR determination is given below. 
 CSR = τave / σ'vo  = 0.65 × (amax / g) × (σvo / σ’vo) ×  rd 
where 
 amax = maximum horizontal acceleration at ground surface 
 g = the gravitational acceleration 
 σvo = total vertical stress 
 σ’vo = effective vertical stress 
 rd = stress reduction factor as a function of depth in meters 
  = 1.000 – 0.00765z for z ≤ 9.15 m 
  = 1.174 – 0.0267z for 9.15 m < z ≤ 23 m 
  = 0.744 – 0.0080z for 23 m < z ≤ 30 m 
  = 0.500  for z > 30 m  

3.1.2 Soil Capacity or Cyclic Resistance Ratio (CRR) 

The original simplified procedure determines CRR using Standard Penetration Test (SPT) N160 
values and a curve delineating liquefaction.  The CRR from the curve is further modified by 
several factors that have been developed over time.  These factors correct for: aging, static 
driving shear stress, overburden pressure, and earthquake magnitude.  For this calculation curves 
based on CPTu tip stress data (qt1) are used to determine CRR.  The qt1 CRR curves were 
developed from testing of SRS soils in lieu of the standard SPT and CPTu liquefaction methods 
developed for Holocene and younger deposits.  When applying the correction factors, the Factor 
of Safety is expressed as given below.  Each of the correction factors used in this calculation for 
determining CRR is discussed in the following sections.  

 Factor of Safety 
CSR

MSFKKKCRR age ⋅⋅⋅⋅
= ασ5.7  

3.1.3 Age Correction Factor Kage 

The qt1 curves used for this calculation were developed specifically for SRS using data from 
investigations in H-Area (Ref. BSRI, 1993; WSRC, 1995; SRS, 2007a) after extensive field and 
laboratory testing programs.  Because the SRS qt1 CRR curves were developed from testing of 
the Tobacco Road and Dry Branch sediments, aging is incorporated into the curves.  The curves 
may be directly applied to calculate liquefaction susceptibility without applying an age 
correction factor (i.e., Kage = 1.0). 



K-CLC-Z-00015, Rev. 0  Sheet 6 
  

D-7 

3.1.4 Static Driving Shear Stress Correction Factor, Kα 

Relationships proposed by Seed and Harder (1990) suggest that a static driving shear stress can 
increase or decrease the soil's resistance to liquefaction, depending on the magnitude of the 
driving stress and the relative density of the soil.  A static driving shear stress correction factor 
(Kα) has been proposed by Seed and Harder to correct CRR (Ref. Seed and Harder, 1990).  
However, the proposed chart to estimate Kα is preliminary and this correction factor is a subject 
of current research (Ref. NCEER, 1997, pp. 172-176).  For this calculation, no Kα correction was 
used (i.e., Kα = 1.0).   

3.1.5 Static Effective Overburden Pressure Correction Factor, Kσ 

Most of the case history data used to develop the standard liquefaction curves (Ref. Seed and 
Idriss, 1982 and NRC, 1985) were taken from cases of level ground with relatively small initial 
effective overburden stresses (σ'o ≤ 1 tsf).  However, at higher effective overburden stresses (σ'o 
> 1 tsf), the liquefaction susceptibility of the soil will increase for a given CSR (Ref. Seed and 
Harder, 1990).  Thus, the CRR must be corrected for the influence of the static overburden 
stresses.  This is done by multiplying CRR by the correction factor Kσ.  The soils at SRS are 
much older than the case history data typically used for liquefaction studies.  Therefore testing of 
soils at SRS has been performed to determine appropriate Kσ for SRS soils (Ref. WSRC, 1995; 
BSRI, 1993).  Figure 4 shows the SRS Kσ curve along with data used to develop the curve (Ref. 
SRS, 1994a).  The NCEER recommended Kσ curves (Ref. Youd et al., 2001) are also shown on 
Figure 4 for comparison.  The polynomial representing the SRS Kσ curve shown in Figure 4 is 
given below. 
 Kσ = 1.009376 - 0.18326 log (σ'vo) - 0.08340 log (σ'vo)2  
where:  
 σ'vo  =  Effective Vertical Overburden Pressure in tsf.   
Note that the Kσ used for this calculation is the site-specific relationship developed using data 
from investigations in H-Area (Ref. WSRC, 1995; SRS, 1994a and SRS, 2007a) and not the 
standard Kσ relationship proposed by NCEER (Ref. Youd et al, 2001).  The SRS Kσ used is 
applicable for Saltstone Disposal Cells 3 and 5, but less stringent than the Kσ proposed by 
NCEER.   

3.1.6 Earthquake Magnitude Scaling Factor, MSF 

The CRR curves used for liquefaction analysis are only valid for M = 7.5 earthquakes.  For 
earthquakes with differing magnitudes, the CRR values must be multiplied by a magnitude 
scaling factor (MSF).  

The earthquake magnitudes from the PSHA and the appropriate MSF for each magnitude are 
given below.  These MSFs represent the middle of the NCEER (1997) recommended values 
shown on Figure 5 and were used to fit an exponential curve. 
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Earthquake 
Magnitude (Mw) 

Magnitude 
Scaling Factor 

5.5 2.5 
6.0 2.0 
6.5 1.6 
7.0 1.25 
7.5 1.0 
8.0 0.8 
8.5 0.7 

The MSF equation, 
 MSF = 27.3e -0.44 × Mw 
is rounded to the nearest tenth (0.1) for use in calculations. 

3.1.7 CRR from the SRS qt1 versus CRR Curves 

The CRR curves utilized at SRS were reevaluated to incorporate the state of the art methods used 
in liquefaction analysis.  Both methods of CRR determination are presented within this 
calculation.  The new CRR curves are recommended for design, while the old CRR curves are 
presented for comparison. 
3.1.7.1. Previous SRS CRR Curves 
Figure 6 presents the old CRR curves which were developed specifically for SRS in the 1990s 
(Ref. SRS 1994b and SRS 2006b).  The curves are defined by the equations given below. 

 CRR = 0.125721 + 0.002537 (qt1) + 0.000040 (qt1)2  for FC = 30% 

 CRR = 0.093309 + 0.001757 (qt1) + 0.000029 (qt1)2
  for FC = 22.5% 

 CRR = 0.072666 + 0.001141 (qt1) + 0.000028 (qt1)2  for FC = 15% 

 CRR = 0.046881 + 0.001190 (qt1) + 0.000015 (qt1)2  for FC = 10% 

 CRR = 0.021215 + 0.001408 (qt1) + 0.000007 (qt1)2  for FC = 0% 

The CPTu tip stress (qt) must be normalized (qt1) for overburden stress prior to applying the CRR 
curves.  This is done using an overburden correction factor CQ shown below (Ref. Youd et al., 
2001).   
 qt1 = CQ x qt  
 CQ = (Pa / σ'vo)n with CQ ≤ 1.7 
where 
 CQ = CPTu Overburden Normalization Factor 
 Pa = Atmospheric pressure (1 atm, 1 tsf) 
 σ'vo = Effective vertical overburden pressure at time of testing 
 Pa and σ'vo must be in the same units 
 n = exponent ranges between 0.5 for clean sand and 1.0 for clays  
For this calculation the exponent n was assumed to vary linearly, based on percent fines, 
between 0.5 for clean sand (i.e., fines ≤ 5%) and 1.0 for clays (i.e., fines ≥ 50%).  It is important 
to note that normalization of qt to qt1 is performed using effective vertical overburden pressure at 
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the time of data collection.  
3.1.7.2. Current SRS CRR Curves 
Figure 7 presents the SRS qt1 versus CRR curves (Ref. SRS, 2007b).  Equations for these curves 
allow computer application of the SRS qt1 versus CRR curves.  Laboratory testing and 
development of the curves are discussed in SRS (2007a) and by Lewis and Arango (Ref. SRS, 
2007b). 
The SRS CRR relationship has adopted the shape of the Idriss and Boulanger (Ref. Idriss and 
Boulanger, 2004) CRR relationship.  The SRS clean curve is the Idriss and Boulanger 
relationship multiplied by a factor of 1.3 to account for strength gain due to aging.  The Idriss 
and Boulanger CRR clean curve (i.e., fines content ≤ 5%) is given below. 
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This same curve is multiplied by increasing factors to account for aging and increased fines 
content.  The multipliers for various fines contents are provided below.   

Fines 
Content (%) 

SRS Multiplier for 
CRR Curve 

≤ 5 1.3 
10 1.6 
15 2.1 
20 2.6 
25 3.1 
≥30 3.4 

 
The CPTu tip stress (qt) must be normalized (qt1) for overburden stress prior to applying the CRR 
curves.  This is done using an overburden correction factor CQ shown below (Ref. Youd et al).   
 qt1 = CQ x qt  
 CQ = (Pa / σ'vo)n with CQ ≤ 1.7 
where 
 CQ = CPTu Overburden Normalization Factor 
 Pa = Atmospheric pressure (1 atm, 1 tsf) 
 σ'vo = Effective vertical overburden pressure at time of testing 
 Pa and σ'vo must be in the same units 
 n = exponent ranges between 0.5 for clean sand and 1.0 for clays  
For this calculation the exponent n was assumed to vary linearly, based on percent fines, 
between 0.5 for clean sand (i.e., fines ≤ 5%) and 1.0 for clays (i.e., fines ≥ 50%).  It is important 
to note that normalization of qt to qt1 is performed using effective vertical overburden pressure at 
the time of data collection.  
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3.1.8 Percent Fines 

The SRS qt1 method used in this calculation requires percent fines to determine CRR.  Percent 
fines is determined using an SRS site specific CPTu method that was developed by correlating 
laboratory determined fines content from borings with nearby CPTu results (Ref. SRS, 2001).  
The SRS method uses a classification index (Ic) to calculate percent fines.  The SRS method is 
given below. 

 Percent Fines = 29.47(Ic)1.21 – 0.09 

 Ic = [(1.60-logQt)2 + (logFr + 0.41)2]0.5  

where:  
 Qt  = normalized tip resistance Qt = (qt-σvo)/ σ'vo 

 Fr  = stress normalized friction ratio Fr = [(fs/qt-σvo) × 100] 
 qt  = CPTu tip stress corrected for unequal area effects 
 fs  = CPTu sleeve friction 
 σvo  = total vertical stress (unit weight of soil × depth) 
 σ'vo  = effective vertical stress  
Table 1 summarizes the fines content determined from samples taken during the subsurface 
investigations (Ref. SRS, 2009b).  The four borings at Disposal Cells 3 and 5 were each located 
within approximately 10 of a CPT/SCPT.  Figures 8 – 11 compare the laboratory measured fines 
content to the CPT calculated fines content.  The CPT/SCPT results provide reasonable estimates 
of fines content, with the exception of one point (in which case the SRS equation provides a 
more conservative, i.e. lower, estimation of fines content). 

3.2 Dynamic Settlement Above the Santee Formation 

Settlement due to liquefaction and partial liquefaction can be calculated using standard 
techniques from the geotechnical engineering literature or techniques based on site-specific 
testing.  Due to the age and increased strength, it was necessary to sample and test SRS soils to 
quantify strain due to cyclic loading. 

3.2.1 Volumetric Strain Curves 

SRS specific volumetric strain curves were developed during sampling and laboratory testing 
programs from H-Area (SRS, 1994b; SRS, 2006b; BSRI, 1993; WSRC, 1995).  The SRS 
volumetric strain curves (Figure 12) give volumetric strain as a function of CPTu tip resistance 
and factor of safety.  Because the SRS volumetric strain curves were developed from testing of 
the Tobacco Road and Dry Branch sediments, the curves incorporate strength due to aging.   

For conservatism, the SRS volumetric strain curves considered liquefaction triggered in all zones 
having a factor of safety less than or equal to 1.15 (BSRI, 1993 and WSRC, 1995).  Soils having 
factors of safety between 1.15 and 2.2 are considered to be partially liquefied.  Soils with a factor 
of safety greater than 2.2 are considered to be non-liquefiable.  No settlement is expected for 
factors of safety greater than 2.2. 
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The volumetric strain curves developed for SRS using H-Area data and used in this calculation 
are presented in Figure 12 (SRS, 2006b; WSRC, 1995).  The volumetric strain curves for various 
values of qt1 are a function of factor of safety.  These curves have been fitted with the following 
regression equations, which were derived and presented in calculation C-CLC-H-00815 (SRS, 
2006b).  

for qt1 = 160, and 0.4 < FS < 1.15 

 strain (%) = 0.65 

for qt1 = 130, and 0.4 < FS < 1.15 

 strain (%) = 2.9883 + 10.354(FS)4 - 30.258(FS)3 + 30.7(FS)2 -13.064(FS)  

for qt1 = 100, and 0.4 < FS < 1.15 

 strain (%) = 2.0308 + 8.3929(FS)4 - 21.111(FS)3 + 16.12(FS)2 -4.5756(FS)  

for qt1 = 50, and 0.4 < FS < 0.65 

 strain (%) = -41.6495 - 756.666(FS)4 + 1505.222(FS)3  -1123.65(FS)2 + 371.2387(FS)  

for qt1 = 50, and 0.65 < FS < 1.15 

 log strain (%) = 1.256225 - 0.21100(FS)2 - 1.01242(FS)  

for qt1 = 30, and 0.4 < FS < 0.65 

 strain (%) = -45.4815 - 830.0000(FS)4 + 1651.074(FS)3  -1231.64(FS)2  + 406.5062(FS)   

for qt1 = 30, and 0.65 < FS < 1.15 

 log strain (%) = 1.181442 - 0.47909(FS)2 - 0.63184(FS)  

for qt1 = 20, and 0.4 < FS < 0.65 

 strain (%) = -45.2315 - 830.0000(FS)4 + 1651.074(FS)3  -1231.64(FS)2  + 406.5062(FS) 

for qt1 = 20, and 0.65 < FS < 1.15 

 log strain (%) = 0.679601 - 1.17026(FS)2 + 0.616392(FS)  

for qt1 = 10, and 0.4 < FS < 0.65 

 strain (%) = -29.6577 - 560.0000(FS)4 + 1114.074(FS)3  - 836.066(FS)2  + 278.6576(FS)  

for qt1 = 10, and 0.65 < FS < 1.15 

 log strain (%) = 0.454166 - 1.56185(FS)2 +1.272068(FS)  

for qt1 = 5, and 0.4 < FS < 0.65 

 strain (%) = -29.7775 - 566.666(FS)4 + 1127.333(FS)3  - 845.883(FS)2  + 281.8638(FS)  

for qt1 = 5, and 0.65 < FS < 1.15 

 log strain (%) = 0.367762 - 1.73636(FS)2 + 1.555255(FS)  
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for partial liquefaction 1.15 < FS < 1.6 and all qt1 values 

 log strain (%) = 1.256225 - 0.21100(FS)2 - 1.01242(FS)  

for partial liquefaction 1.6 < FS < 2.2 and all qt1 values 

 strain (%) = 0.728794 + 0.100221(FS)2 - 0.54090(FS)  

3.2.2 Liquefaction and Partial Liquefaction Settlement 

For this calculation the volumetric strain curves were used for evaluation purposes.  Dynamic 
settlement of unsaturated (i.e., above the water table) sands was ignored, because of their small 
contribution to the total dynamic settlement.  

It was assumed that all liquefiable and partially liquefiable zones will settle and the resulting 
settlement will be cumulative at the surface.  No consideration is given for dilation or bridging 
effects of interspersed or overlying, non-liquefied layers.  This is a conservative assumption and 
actual settlements may be less, especially if the thickness of the non-liquefied layers is 
substantial.  Total cumulative settlement resulting from liquefaction and partial liquefaction is 
estimated for the profile by summing the liquefaction settlement or partial liquefaction 
settlement for each increment:  

 STotal = Σ SLiq + Σ SP Liq (Eq. 32) 

where: 
 STotal = cumulative settlement,  
 SLiq = settlement of the increment due to liquefaction, and 
 SP Liq = settlement of the increment due to partial liquefaction.  
The value of SLiq and SP Liq are calculated from: 

 SLiq = (volumetric strain due to liquefaction) dz (Eq. 33) 

 SP Liq = (volumetric strain due to partial liquefaction) dz (Eq. 34) 

where: 

 dz = thickness of the increment. 

3.3 Liquefaction Hazard Weighting 

Table 2 summarizes the PGA hazard for the 2,500 year earthquake. (Ref. Frankel, 1999).  The 
weight for a given magnitude range is the sum of the weights for the various distances for the 
given magnitude  Settlement due to liquefaction and partial liquefaction, is calculated using 
different magnitudes.  The magnitudes selected are the midpoints of the magnitude ranges given 
in Table 2 (i.e. 4.75, 5.25, 5.75, 6.25, 6.75, and 7.5).  The results are then weighted according to 
the PGA hazard dissaggregation.   

3.4 Shear Wave Velocity Determination of CRR 

CRR values can be computed using shear wave velocity as follows (Ref. Andrus and Stokoe, 
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2000): 
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where 
 VS1  = the shear wave velocity corrected for overburden stress 
 Vs1

*  = the limiting value of VS1 for cyclic liquefaction occurrence 
VS1 is computed by 
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where 
 Pa  = the reference stress of about atmospheric pressure 
 σ'vo  = effective vertical stress  
VS1

* is computed by the following 
 VS1

*  = 215 m/s   for FC ≤ 5% 
 VS1

*  = 215 – 0.5(FC – 5) m/s for 5% < FC < 35% 
 VS1

*  = 200 m/s   for FC ≥ 35% 
where 
 FC = fines content (%) 
Figure 13 presents the VS1

* vs CRR curves. 

4. Results and Conclusions 

Tables 3 and 4 summarize the liquefaction induced settlement using the new CRR curves and the 
old CRR curves, respectively.  Individual CPT settlements (for a 7.5 magnitude earthquake) 
range from ¼ inch to 2 inches based on the new CRR curves while settlements range from ¼ 
inch to 1 ¾ inches based on the old CRR curves.  The weighted average using the USGS PGA 
hazard deaggregation for weighting is less than ½ inch for the 2,500 year earthquake.  These 
settlements are expected to occur rather uniformly and thus not contribute significantly to 
differential settlement. 

Liquefaction potential based on the CRR determination using shear wave velocity indicates the 
soil is generally only slightly susceptible to liquefaction.  The minimum factors of safety from 
the SCPTs range from 0.55 to more than 4.0.  Generally the factors of safety are in excess of 3.0 
for the vast majority of the soil column.  See the attached summary pages in Appendix D.  
Settlements were not calculated using factors of safety determined through the use of shear wave 
velocities since the SRS volumetric strain curves are correlated to CPT tip stresses. 
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Table 1: Fines Content 

Sample No. Top Elevation 
(ft, msl) 

Bottom 
Elevation  
(ft, msl) 

Engineering 
Layer Percent Fines 

Z-V3V5-B1-ST1 246.9 244.9 S1/2 10.1 
Z-V3V5-B1-ST2 236.9 234.9 S1/2 9.5 
Z-V3V5-B1-ST3 229.9 227.9 S1/2 39.9 
Z-V3V5-B1-ST4 216.9 215.65 S1/2 4.9 
Z-V3V5-B1-ST5 211.9 209.9 S3 5.8 

Z-V3V5-B2-SS9,10,11 243.9 237.9 S1/2 7.3 
Z-V3V5-B3-SS1,2,3 258.3 252.3 S1/2 31.4 
Z-V3V5-B3-SS7,8,9 246.3 240.3 S1/2 7.4 

Z-V3V5-B4-ST1 252.8 250.8 S1/2 36.5 
Z-V3V5-B4-ST2 242.8 240.8 S1/2 8.1 
Z-V3V5-B4-ST3 237.8 236.14 S1/2 8.2 
Z-V3V5-B4-ST4 222.8 220.8 S1/2 42.2 
Z-V3V5-B4-ST5 217.8 215.8 C2 80.1 
Z-V3V5-B4-ST6 188.8 186.8 S1/2 24.6 

 

 

Table 2: USGS Rock Seismic Hazard: 100 Hz Oscillator Frequency, 2,500 Year Return Period, Sa = 0.15 g 

 Mw = Mw = Mw = Mw = Mw = Mw = 
Distance 4.5 to 5.0 5.0 to 5.5 5.5 to 6.0 6.0 to 6.5 6.5 to 7.0 7.0 to 8.0 
 7.5 km  7.13 3.56 1.73 0.78 0.42 0.00 
20 km 4.93 3.64 2.35 1.28 0.78 0.00 

37.5 km 3.11 3.90 4.04 3.24 2.72 0.00 
75 km 0.33 0.93 2.05 3.24 0.00 16.45 

150 km 0.03 0.14 0.59 1.68 0.00 29.25 
250 km 0.00 0.00 0.00 0.04 0.00 1.63 
550 km 0.00 0.00 0.00 0.00 0.00 0.08 

       
Mw Bin Sum = 15.52 12.16 10.76 10.25 3.92 47.40 

Note:  ⅓ wt Frankel et al. attenuation model, ⅓ wt Toro et al. attenuation 
model and ⅓ wt AB95 attenuation model 
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Table 3: Liquefaction Based on New SRS CRR Curves 

 Settlement (inches) 

 Mw = Mw = Mw = Mw = Mw = Mw = 2,500 Yr 
 4.75 5.25 5.75 6.25 6.75 7.5 Weighting 

Z-V3V5-C01 0.00 0.00 0.00 0.01 0.07 0.49 0.24 
Z-V3V5-C02 0.00 0.00 0.04 0.16 0.47 1.93 0.95 
Z-V3V5-C03 0.00 0.00 0.00 0.04 0.13 0.70 0.34 
Z-V3V5-C04 0.00 0.00 0.00 0.00 0.02 0.24 0.12 
Z-V3V5-C05 0.00 0.00 0.00 0.01 0.05 0.43 0.21 
Z-V3V5-C06 0.00 0.00 0.02 0.08 0.29 1.30 0.64 
Z-V3V5-C07 0.00 0.00 0.01 0.03 0.15 0.79 0.38 
Z-V3V5-C08 0.00 0.00 0.01 0.07 0.24 1.16 0.57 
Z-V3V5-C09 0.00 0.00 0.02 0.11 0.34 1.68 0.82 
Z-V3V5-C10 0.00 0.00 0.00 0.01 0.10 0.78 0.38 
Z-V3V5-C11 0.00 0.00 0.00 0.01 0.04 0.38 0.18 
Z-V3V5-C12 0.00 0.00 0.01 0.05 0.19 1.00 0.49 
Z-V3V5-C13 0.00 0.00 0.00 0.01 0.07 0.50 0.24 
Z-V3V5-C14 0.00 0.00 0.00 0.03 0.13 0.88 0.43 
Z-V3V5-C15 0.00 0.00 0.00 0.05 0.20 1.22 0.59 
Z-V3V5-C16 0.00 0.00 0.02 0.10 0.32 1.48 0.73 
Z-V3V5-C17 0.00 0.00 0.01 0.10 0.32 1.64 0.80 

     Average 0.98 0.48 
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Table 4: Liquefaction Based on Old SRS CRR Curves 

 Settlement (inches) 

 Mw = Mw = Mw = Mw = Mw = Mw = 2,500 Yr 
 4.75 5.25 5.75 6.25 6.75 7.5 Weighting 

Z-V3V5-C01 0.00 0.00 0.00 0.02 0.10 0.58 0.28 
Z-V3V5-C02 0.00 0.00 0.01 0.10 0.33 1.66 0.81 
Z-V3V5-C03 0.00 0.00 0.00 0.02 0.10 0.54 0.26 
Z-V3V5-C04 0.00 0.00 0.00 0.02 0.08 0.41 0.20 
Z-V3V5-C05 0.00 0.00 0.00 0.01 0.11 0.61 0.30 
Z-V3V5-C06 0.00 0.00 0.01 0.11 0.33 1.65 0.81 
Z-V3V5-C07 0.00 0.00 0.00 0.04 0.14 0.78 0.38 
Z-V3V5-C08 0.00 0.00 0.00 0.06 0.24 1.22 0.59 
Z-V3V5-C09 0.00 0.00 0.00 0.09 0.34 1.78 0.87 
Z-V3V5-C10 0.00 0.00 0.00 0.04 0.24 1.31 0.64 
Z-V3V5-C11 0.00 0.00 0.00 0.00 0.03 0.21 0.10 
Z-V3V5-C12 0.00 0.00 0.00 0.04 0.17 0.94 0.45 
Z-V3V5-C13 0.00 0.00 0.00 0.01 0.06 0.39 0.19 
Z-V3V5-C14 0.00 0.00 0.00 0.03 0.19 1.06 0.51 
Z-V3V5-C15 0.00 0.00 0.00 0.03 0.20 1.13 0.55 
Z-V3V5-C16 0.00 0.00 0.01 0.07 0.24 1.21 0.59 
Z-V3V5-C17 0.00 0.00 0.00 0.03 0.21 1.16 0.56 

     Average 0.98 0.48 
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Figure 1: Location of Disposal Cells 3 and 5 
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Figure 2: Saltstone Disposal Cells 3 and 5 Geotechnical Exploration Locations 
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Figure 3: USGS Rock Seismic Hazard Deaggregation: 100 Hz, 2,500 Year Return, Sa = 0.15g 
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Figure 4: Comparison of NCEER Kσ with SRS Kσ 
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Figure 5: Magnitude Scaling Factor Recommendations Presented by NCEER 
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Figure 6: Old SRS Cyclic Resistance Ratio (CRR) Curves 
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Figure 7: New SRS Cyclic Resistance Ratio (CRR) Curves 
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Figure 8: Comparison of Fine Content from Z-V3V5-C04 and Z-V3V5-B01 
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Figure 9: Comparison of Fine Content from Z-V3V5-C06 and Z-V3V5-B02 
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Figure 10: Comparison of Fine Content from Z-V3V5-C12 and Z-V3V5-B03 
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Figure 11: Comparison of Fine Content from Z-V3V5-C14 and Z-V3V5-B04 
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Figure 12: SRS Volumetric Strain Curves for Liquefaction Analysis 
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Figure 13: Relationship between CRR and VS1
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Appendix A – Seismic Data 
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Appendix B – Response Spectra 
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Response Spectra Based on IBe 2006 

Ss = 0.446 IBC Figure 1613.5(9) or USGS Website 

SI = 0_129 IBC Figure 1613.5(9)or USGS Website 

FA = 1.443 IBCTable1613_5_3(1)SiteClassD 

Fv = 2_284 IBC Table 1613_5_3(2) Site Class D 

SIoIS = 0_844 IBC Equation 16-37 s""s = F. x Ss 

S"U = 0.295 IBC Equation 16-38 s",,1 = F v X SI 

Sos = 0.429 IBC Equation 16-39 Sus = (2/3) s""s 

SOl = 0_196 IBC Equation 16-40 Sol = (213) s",,1 

To = 0_092 'SRS Standard 1060: To = 0 .2 (SoI /S0S) 

T s = 0.458 'SRS Standard 1060: T s = (SD1/Sos) 

Notes 
~ and SI values taken from the USGS website 

Latitude: 33.3 
Longitude -81 .63 

PGA is taken at 100 Hz 

' To and T. were determined using SRS Standard 1060 

SRS 1000 based on IBe 2003 Section 1615.1.4 
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Conterminous 48 States 
2003 NEHRP Seismic Design Provisions 
Latitude = 33.3 
Longitude = -81.63 
Spectral Response Accelerations Ss and S1 
Ss and S1 = Mapped Spectral Acceleration Values 
Site Class B -  Fa = 1.0 ,Fv = 1.0 
Data are based on a 0.05 deg grid spacing 
  Period    Sa   
  (sec)    (g)   
   0.2    0.446 (Ss, Site Class B) 
   1.0    0.129 (S1, Site Class B) 
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Appendix C – PSHA Letter from A. Frankel 
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United States Department of the Interior 

Richard Lee 
1092 Siz.emore Rd. 
Aiken, SC 29800 

Dear Rich, 

U,S. GEOLOGICAL SURVEY 

Anhur Frankel 
U.S. Geologica] Survey 
MS 966, Box 2S046 
Denver Federal Center 
Denver. CO 80225 
303·213·8556. fax 303.213·8600 
afr'anUl@U$ga.gov 
Mar. I, 1999 

Eac:1osed is • Zip disk with the de-aggregation u.bles for the S.vannah River Site. 
See the SB di=1OJY on the disk. I MVe also printed OIIt the contenU of the Rcadme.tJ.t 
file on the disk. If you want this in some other fomu.t, let me know. If we have missed 
some ~Lar Tllle$ of exceedllnC(: that roo need, let me know, We'll be happy to ar\$WeT 

any que!luons you llave about these I'C5Ultt. 

SinceTely, 

#~ 
Anhur Frankel 
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TIIa ~.d or t ... -=nd lIna ....... tho anDual r ... queI>CY ofaxee_n"" foe 
that atunuoU".. r e laUon for . 1tO q'''"o 9round """,'On va lue . 
WlHIn .he de-a~ge .... o<1on 10 fcr the ] ott .. rein. _. n. thl> value 
e<j"~10 t .... annual ' ceq _ Of OXC6O<1&nC •. 



K-CLC-Z-00015, Rev. 0  Sheet 49 
  

D-50 

 

St . .... H ....... 
Art Fnok. l 

b,,· ... n'usqs.9O" 
.tr.n .. l l u • • •. 90. 

P ...... 1 



K-CLC-Z-00015, Rev. 0  Sheet 50 
  

D-51 

 

 

 

 

 

 

 

 

 

 

Appendix D– Liquefaction Analysis Output 
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The following files are included with this calculation 

 

 
Folder: CPT Data 

Z-V3V5-C01.ecp Z-V3V5-C07.ecp Z-V3V5-C13.ecp 
Z-V3V5-C02.ecp Z-V3V5-C08.ecp Z-V3V5-C14.ecp 
Z-V3V5-C03.ecp Z-V3V5-C09.ecp Z-V3V5-C15.ecp 
Z-V3V5-C04.ecp Z-V3V5-C10.ecp Z-V3V5-C16.ecp 
Z-V3V5-C05.ecp Z-V3V5-C11.ecp Z-V3V5-C17.ecp 
Z-V3V5-C06.ecp Z-V3V5-C12.ecp  
Z-V3V5-C01.vel Z-V3V5-C07.vel Z-V3V5-C12.vel 
Z-V3V5-C04.vel Z-V3V5-C09.vel Z-V3V5-C14.vel 
Z-V3V5-C06.vel Z-V3V5-C11.vel Z-V3V5-C17.vel 

Folder: Current CRR  
ZVZV3V5C01-old CRR.xls ZVZV3V5C07-old CRR.xls ZVZV3V5C13-old CRR.xls 
ZVZV3V5C02-old CRR.xls ZVZV3V5C08-old CRR.xls ZVZV3V5C14-old CRR.xls 
ZVZV3V5C03-old CRR.xls ZVZV3V5C09-old CRR.xls ZVZV3V5C15-old CRR.xls 
ZVZV3V5C04-old CRR.xls ZVZV3V5C10-old CRR.xls ZVZV3V5C16-old CRR.xls 
ZVZV3V5C05-old CRR.xls ZVZV3V5C11-old CRR.xls ZVZV3V5C17-old CRR.xls 
ZVZV3V5C06-old CRR.xls ZVZV3V5C12-old CRR.xls  

Folder: Current CRR  
ZVZV3V5C01-current CRR.xls ZVZV3V5C07-current CRR.xls ZVZV3V5C13-current CRR.xls 
ZVZV3V5C02-current CRR.xls ZVZV3V5C08-current CRR.xls ZVZV3V5C14-current CRR.xls 
ZVZV3V5C03-current CRR.xls ZVZV3V5C09-current CRR.xls ZVZV3V5C15-current CRR.xls 
ZVZV3V5C04-current CRR.xls ZVZV3V5C10-current CRR.xls ZVZV3V5C16-current CRR.xls 
ZVZV3V5C05-current CRR.xls ZVZV3V5C11-current CRR.xls ZVZV3V5C17-current CRR.xls 
ZVZV3V5C06-current CRR.xls ZVZV3V5C12-current CRR.xls  
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1. Introduction 

The purpose of this calculation is to provide an estimate of the settlement resulting from the 
compression of soft for Saltstone Disposal Cells No. 3 and 5. 

2. Input 

2.1 Soft Zone Input  

Seventeen (17) CPTs and and SCPTs were pushed for the Disposal Cells 3 and 5 site, see Figure 
1.  Stratigraphic interpretations of the CPT and SCPTs are summarized below (Ref. 1).   These 
17 CPTs and SCPTs were evaluated for the presence of soft zones.   

    Elevation Top Pick (ft, msl) 

CPT ID CPT 
Type 

SRS 
Northing 

SRS 
Easting 

Elevation 
ft, msl 

C2 
Layer 

S3 
Layer 

S4 
Layer 

ZV3V5C1 SCPT 78429 66907 264.9 NP 224 185 
ZV3V5C2 CPT 78267 66960 268.6 221 215 184 
ZV3V5C3 CPT 78477 66813 263.9 NP 219 190 
ZV3V5C4 SCPT 78405 66836 266.8 NP 221 186 
ZV3V5C5 CPT 78325 66863 268.8 226 221 186 
ZV3V5C6 SCPT 78244 66889 268.8 229 217 187 
ZV3V5C7 SCPT 78173 66913 268.2 233 223 NDE 
ZV3V5C8 CPT 78374 66741 267.7 220 216 186 
ZV3V5C9 SCPT 78293 66768 270.4 225 216 173 

ZV3V5C10 CPT 78213 66794 270.7 227 211 178 
ZV3V5C11 SCPT 78414 66623 264.7 218 215 185 
ZV3V5C12 SCPT 78343 66646 268.1 219 216 186 
ZV3V5C13 CPT 78262 66673 272.0 225 221 184 
ZV3V5C14 SCPT 78181 66699 273.0 228 216 186 
ZV3V5C15 CPT 78110 66723 271.6 231 220 178 
ZV3V5C16 CPT 78319 66575 268.7 NP 228 186 
ZV3V5C17 SCPT 78158 66628 274.6 228 219 186 

NDE=Not Deep Enough 
NP = Not Present 

Four (4) borings were also performed for this investigation.  The borings are listed in the table 
below. 

Boring ID 
SRS 

Northin
g 

SRS 
Eastin

g 

Elevatio
n 

ft, msl 

Adjacent 
CPT 

ZV3V5B1 78395 66839 266.9 ZV3V5C4 
ZV3V5B2 78235 66894 269.9 ZV3V5C6 

ZV3V5B3 78333 66649 268.3 ZV3V5C1
2 

ZV3V5B4 78171 66702 272.8 ZV3V5C1
4 
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3. Computation 

Soft zones are layers of underconsolidated soils within the Santee Formation (S4 layer) which 
are identified by a corrected tip stress value less than or equal to 15 tsf.  Layers of soft zone soils 
(corrected tip stress less than or equal to 15 tsf) are considered to behave as a single soft zone if 
the interval of harder material (corrected tip stress greater than 15 tsf) between the soft zone soils 
is less than or equal to 2 feet in thickness.  The thickness of the soft zone is the summation of the 
less than 15 tsf material.  The top elevation of the soft zone is the top of the first layer of soil 
with a corrected tip stress less than 15 tsf within the Santee Formation Santee Formation (S4 
layer).   

If the interval of harder soil (corrected tip stress greater than 15 tsf) between soft zone soils is 
greater than 2 feet, the layers of soft zones soils are considered to behave as two separate soft 
zones (See Figure 3).   

Soft zones may also be identified by N value less than or equal to 5 blows per foot (including 
weight of rod and weight of hammer events) within the Santee Formation (S4 layer). 

The only soft zone encountered in this investigation was in Z-V3V5-C06 at an elevation of 172 
ft, msl.  This soft zone is less than ¼ foot thick.  No soft zones were identified within the 2 SPT 
boreholes. 

3.1 Soft Zone Settlement 

As no significant soft zones were identified beneath Cells No. 3 and 5, the soft zone 
configuration from Saltstone Vault No. 2 will be used to provide a conservative estimate of 
surface settlement due to any soft zones that maybe present at Cells No. 3 and 5. 

The following properties are considered for the soft zone geometry and properties for Disposal 
Cells 3 and 5 (Ref. 2). 

Thickness 14 ft 
Compression Index, Cc 0.196 
Initial Void Ratio, e0 0.72 

Overconsolidation Ratio, OCR 0.9 
Compression Ratio, Cc/(1+e0) 0.114 

The bottom of the excavation will be 261 ft, msl at Disposal Cells 3 and 5.  The average top of 
the S4 layer (Santee Formation) at Disposal Cells 3 and 5 is 184 ft, msl.  For conservatism, it 
will be assumed that the top of the soft zone is located at the top of the S4 layer. 

The compression of the soft zone sS at depth is estimated assuming full overburden pressure: 

 sS = H {Cc/(1 + eo)} log {(Po + ∆P)/Po} 

Where sS is the compression of the soft zone and H is the thickness of the soft zone.  Cc and e0 
were described in the previous section.  When the arch above the soft zone is weakened the Po + 
∆P term is equal to the overburden pressure and the Po term in the denominator is the soft zone 
preconsolidation pressure.  In this instance the equation becomes: 
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       sS = H {Cc/(1 + eo)} log (1/OCR) 
  where OCR is the overconsolidation ratio of the soft zone.   

Using the soft zone properties from Vault 2, the compression of the soft zone is: 
       sS = H {Cc/(1 + eo)} log (1/OCR) = 14 x 0.196/(1 + 0.72) x log (1/0.9) = 0.0730 feet 
or  sS = 0.876 inches. 

3.2 Methodology for Computing Surface Settlement 

A vertical slice of subsurface with unit thickness or perpendicular to the longitudinal direction of 
the soft zone was considered.  Ground settlement, which is propagated from the subsurface 
deformation, was computed considering the surface settlement profile resembles the shape of an 
inverted normal distribution curve (Ref. 3).  The surface settlement s(x) at any point x is: 
 s(x) = s(0) Exp.{-x2/(2i2)} (Eq. 1) 
Where i is the distance from the center of the normal probability curve to the point of inflection: 
 i = W/(2π)1/2 (Eq. 2) 
and W is the half width of the normal probability curve and may be estimated as (Ref. 3): 
 W = z tan β + WSZ/2. (Eq. 3) 
where: 

 z is the soft zone depth and 

 β  is based on soil type 

The volume lost at-depth due to compression of soft zone can be computed as: 
 VL = sS WSZ. (Eq. 4) 
Where sS is the compression of the soft zone computed in the previous section and WSZ is the 
width of the soft zone. 

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. 3).   

The volume of the surface settlement is: 
 VS = RS/LVL  (Eq. 5) 
where RS/L 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 = RS/L sS WSZ. (Eq. 6) 
Surface settlement at the center of the normal probably curve is: 
 s(0) = VS/W (Eq. 7) 
Substituting Equation (6) into Equation (7) 
 s(0) = RS/L sS WSZ /W (Eq. 8) 
Substituting Equation (8) into Equation (1), settlement at any point x can then be expressed as 
 s(x) = RS/L sS WSZ /W Exp[-x2/(2i2)] (Eq. 9) 
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Figure 3 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:  

 WSZ = 5 feet 

For the project site, at elevation of the foundation, 258 feet, MSL, the distance to the average 
depth of the soft zone is: 

 z =  261 – 184 = 77 feet 

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

 W = z tan β + WSZ/2 = 77 tan(33o) + 5/2 = 52.504 feet 

 i = W/(2π)1/2 = 52.504 / (2π)1/2 = 20.946 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, RS/L is considered to be 2/3. 

 s(0) = RS/L sS WSZ /W = (2/3) x 0.876 x 5/52.504 = 0.0556 inches  

Equation 1 becomes: 

 s(x) = 0.0556 Exp {-x2/(2 x 20.9462)} inches  

or s(x) = 0.0556 Exp(-x2/877.49) inches 

3.4 Surface Settlement  

Wide soft zones maybe represented as a series of adjacent narrower soft zones.  Surface 
settlements due to the wide soft zone are computed by superimposing the settlement troughs for 
each of the narrow soft zones.  For this calculation, a series of 5 foot wide soft zones were 
utilized to represent soft zones ranging in width from 25 feet to 150 feet.   

Maximum differential settlement is assumed to be equal to the total soft zone induced settlement.  
Maximum slope is the rate of change of settlement along the settlement trough, while curvature 
is the rate of change of the slope along the settlement trough. 

Figure 4 presents the surface settlement profiles for each of the soft zone widths considered.  
Figures 5 – 7 illustrate the maximum surface settlement, maximum slope, and maximum 
curvature as functions of soft zone width.  The values for these parameters are summarized in the 
table below.  The maximum curvature summarized in the maximum absolute value of the 
concave up and concave down curves.  The ratio of the surface settlement to the compression of 
the soft zone at depth is also given in the table below. 
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Soft Zone 
Width (ft) 

Maximum 
Settlement 

(in) 

Maximum 
Differential 
Settlement 

(in) 

Maximum 
Slope (ft/ft) 

Maximum 
Curvature 

(ft/ft per ft) 

Ratio of Maximum 
Settlement (S0) to Soft 
Zone Compression at 

Depth 

25 -0.263 0.263 0.00060 0.00004 30% 
50 -0.447 0.447 0.00087 0.00005 51% 
75 -0.542 0.542 0.00093 0.00003 62% 

100 -0.574 0.574 0.00093 0.00003 65% 
125 -0.582 0.582 0.00093 0.00003 66% 
150 -0.584 0.584 0.00093 0.00003 67% 

Maximum -0.584 0.584 0.00093 0.00005 67% 

3.5 Reaction Under a Rigid Foundation 

Foundations can be designed as either flexible foundations or as rigid foundations.  For a flexible 
foundation, the foundation is considered to deform in the same shape and magnitude as the 
settlement profile provided in this calculation.   

For a rigid foundation, the soil beneath the lab under the slab will settle uniformly, but the 
reaction on the foundation will not be uniform.  Based on a recommended subgrade modulus of 
35 pci (Ref. 4), and a differential settlement of 0.53, the reaction at the center of the trough could 
be less than the reaction away from the center by an amount of 
 p = k × y = 35 pci × 0.53 inches = 18.55 psi ≈ 2,700 psf. 

4. Results and Conclusions 

Considering the maximum values presented in Section 3.4, the following values are 
recommended for design of soft zone induced settlements. 

Parameter Recommended Value 
Maximum soft zone settlement: ½ inch 

Maximum soft zone differential settlement: ½ inch 
Maximum Slope: 0.0010 ft/ft 

Maximum Curvature: 0.00005 
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Figure 1: Location of Geotechnical Investigations 
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Figure 2: Graphical Depiction of Soft Zone Determination 
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Figure 3: Geometry of Surface Settlement Trough 
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Figure 4: Surface Settlement Profile for Soft Zones of Various Widths 
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Figure 5: Maximum Surface Settlement for Soft Zones of Various Widths 
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Figure 6: Maximum Surface Slope for Soft Zones of Various Widths 
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Figure 7: Maximum Surface Settlement Curvature for Soft Zones of Various Widths 
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1.0 PURPOSE 

The purpose of this calculation is to determine glohal slope stability safety factors for the soil 
cover over the Saltstone Disposal Facility for static and seismic loading cases. 

2.0 INPUT DATA 

2.1 SLOPE I VAULT GEOMETRY AND DESIGN 

This calculation is based on the following design infonnatIon: 
• Vault Dimensions and slope geometry were taken from SRS drawings 

C-CC-Z-0013 (SRS, 1998), W828992 (SRS , 1989), W780527 (SRS, 1986a), and 
W7B0529 (SRS, 1986b) (see Attachmcnt I). 

o FDr this calculation the CDncrete vault and cDntents was modeled as a monolith with 
a conservatively assumed unit weight of 140 pef. 

o By specification the grout used tD fiJI the Saltstone Vaults has a minimum 
compressive strength of 200 psi (WSRC, 1992). Actual compressive strength of thc 
grout may be higher. For this calculation the conservative 200 psi value was used to 
model the disposal vault. No addition strength was attributed to the vault due to the 
reinforced concrete walls. 

It is important to note that several conceptual designs have been considered for closure of 
the SaltstDne Vaults. Both 4H: 1 V and 8H:l V slopes have been considered in conceptual 
designs for the final cover system. This calculation assumes the steeper 4H: I V slope. The 
post closure slope crest was set at 20 feet above the top of the vault. Other conceptual 
closure designs have much less fill placed over the top of the vault, reducing the slope 
height. The geometry of the vault ancJ closure cover slope model is shown in Figure L 

It is also important to note that some of the conceptual deSigns include geosynthetics 
andlor designed sDii layers (i .e., IDw penneability capping soil or high penneability 
drainage layers). This calculation Dnly cDnsiders global slope stability. Stability of the 
interface between geosynthetics and designed soil layers needs to be evaluated and 
designed for during final design of the cover system. 

2.2 GROUNDWATER 

The water table in the viCinity of Va\llt No.4. based on Well ZBG-2, varies between 213 
and 228 ft-ms! (see Figure 2 and 3). However, the groundwater elevation used for the 
slope stability analysis is conservatively placed at 245 feet mean sea level. This 
conservative assumption is based on water levels observed in boreholes during drilling, 
(MRCE, 1986a) historical readings (Cook. 1983) and reports of perched water in Z-Area 
(MRCE, 1986b and Cook. 1986). 
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2.3 SEISMIC LOADING 

Based on the USGS seismic hazard maps (Frankel et aI., 1996, see Figure 4) and the 
International Building Code (ICC, 2000) a PGA of O.2Ig would be selected for Z-Arca. 
However, the International Building Code allows a reduction of up to 20%" in cases where 
site specific studies havc been performed. Extensive ground response modeling has been 
performed for the SRS (Lee et. aI, 1997; Lee, 1998). Based on the resul!.s of ground 
response modeling at SRS the reduction is warranted and a PGA of 0.17g (i.e., p.21 x 0.8) 
is applicable. This PGA is very conservative when compared with the PGA of O.llg 
determined for Performance Category I structures at SRS (Lee, L 998). which is the 
performance category of the SallStone Vaults. 

For this caLcuLation a horizontal seismic coefficient (kh) of 0.17 and vertical seismic 
coefficients (kv) of ±D.17 were used . Engineering practice allows seismic coefficients as 
low as V. of the PGA and therefore these seismic coeftlcients are very conservative 
(Abramson et ai., 1996). Combined horizontal and vertical loading cases were run with 
one component at 100 % and the second concurrent component at 40%, consistent with 
ASCE Standard 4-98 (ASCE, 1998). Seismic loading ea.ses are summarized below. 

• k. = 0.17 and kv = 0 
• k. = 0 and k, = ±O.l7 
• k. = 0.17 and kv = ±D.07 
• k. = 0.07 and k, = ±D. 17 

(+ is down and - is up) 
(+ is down and - is up) 
(+ is down and - is up) 

2.4 SOILS AND VAULT STRENGTH 

This calculation considers long-term stability of the soil slopes after closure of the 
sallstone vaults. Long-term soil shear strength properties are based On effective friction 
angle (,Il'). Samples from borings ZB-2, ZB-8, Z-l, Z-2 and Z-4 (see Figure 3) were tested 
to determine 'j>'. Saturated CU and elU triaxial shear tests yield.p' values between 28" and 
34" (BSRI, 1992; Woodward-Clyde, 1985). Selection of the.p' values of 28° for the 
natural soil and 33° for the engineered fill is conservative and allows for some strength loss 
during seismic loading. Laboratory tests results are presented in Attachment 2. The 
following effective stress shear strengths were used for the slope stability calculations: 

Engineered Fill 
Natural Soil (above water table) 
Natural Soil (below water table) 
Vault Strength * 

Effective Stress Properties 
.p' = 33° c' = 20 psf 

$' = 28° c' = 100 psf 
'f = 28° c' = 0 psf 
.p' = 0° c' = 4,000 psf 

• For this calculation dle concrete vaull and grout were modeled as a soil having -t' = 0 and c' ; 4.000 psf i.c ., constanl 
shea.- strength corresponding of compressive strength of 200 psi as defined by the American Concrete lnstitme (shear 
strength = 2lf where/c ' is compressive strength [AC)' 2002]). which is about a thiru of the shear strength as defined 

by Mohr·Coulomb failure criteria (shear strength:: Ihqu where qu is unconfined compression strength) . 
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Engineered fill will be placed around and over the Saltstone vaults . The final design for 
the Saltstone Disposal Facility has not been perforrned and engineered fill will not be 
placed until some future date. The engineered fill must meet the requirements of existing 
site standards (WSRC, 200 I) and be compacted to a minimum density of 95% of 
maximum dry density, deterrnined in accordance with ASTM D-1557. The shcar strength 
for the engineered fill is based on experience with SRS fill soils and engineering 
jLldgement. A soil unit weight of 120 pcf was assumed for this calculation. 

For conservatism. a tension crack was assumed for all models (both static and seismic 
cases). The tension crack is two feet deep along the top of the slope up to the crest, 
tapering to zero feet at the toe of the slope. The tension crdck was filled with water as may 
occur after rain. 

3.0 CALCULATIONS 

Slope stability calculations were completed using SLOPEIW version 4.24 software 
(GEO-SLOPE, 1998). SLOPEIW is commercially available software similar to PC STABL and 
other slope stability analysis software. Safety factors were calculated using Ordinary, Bishop's, 
Janbu' s, and Spencer's Methods. Results reported in this calculation are from Spencer's method, 
which considers both moment and force equilibrium. Static and seismic slope stability 
calculations were completed for a closure concept having a 4H: 1 V slopes extending to the base 
of the vault. Several seismic loading cases were run having different vertical and horizontal 
loading. The results for both static and seismic cases are summarized in Table I. Computer files 
are contained on the accompanying compact disk. 

The models run allowed slip surfaces to pass through the disposal vault. Failure through the 
vault was never the critical case (i.e .. didn' t have the lowest factor of safety). At the request of 
the South Carolina Department of Health and Environmental Control, (SCDHEC) an additional 
stability case was run where slip surfaces were forced through the disposal vault to deterrnine 
factor of safety against a combined vault and slope failure. Factcr of safety for "vault failure" 
case is also summarized in Table 1. 

As advised by the consultant, Dr. Mareuson, additional runs were perforrned where total stress 
shear strength was used. Total stress shear strength is lower than the effective stress accounting 
for pore pressure and strength loss due to loading and provides additional conservatism. For the 
additional runs the natural soil above the water table was given a conservative friction angle of 
230 with cohesion of 650 pst. The natural soil below the water table was modeled two ways 1) 
with a friction angle of 8° and cohesion of 900 psf and 2) with a friction angle of zero and 
cohesion of 1,600 psf. Attachment 2 discusses the shear strength tests. In addition. the vault 
strength is the same as the engineered fill. assuming a failure through the engineered fill along 
the edge of the vault. For the total stress runs the seismic coefficients are kh = 0.17 and ky = 
-0.07 (i .e., the lowest factor of safety case using effective stress shear strength). Factor of safety 
for the "total stress" cases are summarized in Table I. 
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Table 1. Summary of Slope Stability Safety Factors Computed Using Slope/W 
and Effective Stress Shear Strengths 

Minimum 
Horizontal Vertical Acceptable 

Seismic Seismic Factor Factor 
Coefficient Coefficient of of 

(kt,) (kv) Safety Safety 
Case I static 0 0 2.6 1.2 to 1.5 
Case 2 0.17 0 1.5 LO to 1.2 
Case 3 0 0.17 2.6 LO to 1.2 
Case 4 0 -0.17 2.7 1.0 to 1.2 
Case 5 0.17 0.Q7 1.6 1.0 to 1.2 
Case 6 0.17 -0.07 • 1.5 LO to 1.2 
Case 7 0,07 0.17 2.1 1.0 to 1.2 
Case 8 0.07 -0.17 2.0 LO to 1.2 
Case 9 vault failure 0.17 -0.07 1.8 1.0 to 1.2 
Case 10 total stress 0.17 -0.07 1.2 LO to 1.2 
Case 11 total stress 0.17 -0.07 1.2 LO to 1.2 

Note: For Cases 1 through 8 effectIve stress shear strength was used, see SectlOn 2.4. 
For Ca~ 9 the failure surface was forced through the vault with kll and kv same as Case 6 (i.e., lowes~ 
factor of safety case). 
For Case 10 and 11 total stress shear strength was used. Natural soil above the water table was given a 
friction angle of 23° with cohesion of 650 psf. Natural soil bclow thc water tablc was two ways 1) with a 
friction angle of go with cohesion of 900 psf (Case to) and 2) with a friction anglc of zero with cohesion 
of 1,600 psf (Casell). See Attachment 2 for shear strength tests. 

3.1 ACCEPTABLE SAFETY FACTORS 

3.1.1 STATIC 

Generally, the recommended safety factor for static slope stability is around 1.5. However, 
safety factors as low as 1.2 have been recommended. The rdnge of acceptable safety 
factors is due to many reasons including thc consequence of failure, the extent of the 
subsurface characterization, whether or not site specific strength tesling was performed, 
and the natural variability ofthc soils. 

3.1.2 SEISMIC 

For seismic slope stability, generally accepted safety factors range from 1.0 to 1.2 
(USACE, 1970; Abramson ct aI., 1996; Huang, 1983). As with static slope stability, the 
range of acceptable safety factors is due to many reasons including the consequence of 
failure, the extent of the subsurface characterization, whether or not site specific strength 
testing was performed, and the natural variability of the soils. 
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4.0 RESULTS 

A summary of the safety factors computed using SLOPElW for static and seismic loading 
cases is contained in Table 1. Figures 5 through 15 contain the plots of the individual 
SLOPEIW stability runs. In all cases the static and seismic safety factors are much greater 
than required. Additional details of the analysis can be obtained from computer files listed 
in Attachment 3 and copied On the accompanying disk. 

Figures 16 through 18 show variations of the case 6 seismic loading with a limited number 
of radius focal points and larger radii. These runs were performed to show other failure 
surfaces and their factor of safety. These failure surfaces extend down through the natural 
soil and past the toe of the slope. Factors of safety are greater for these deeper failure 
surfaces. 

5.0 SUMMARY AND CONCLUSIONS 

A slope of 4 horizontal to 1 vertical provides factors of safety above the range of 
acceptable factors of safety (see Table 1). However, for long term stability the following 
recommendations should be implemented. 

• Engineered fill must meet the requirements of existing site standards (WSRC, 2001) 
and be compacted to a mini mum density of 95% of maximum dry densit.y, determined 
in accordance with ASTM 0 ·1557, to achieve acceptable shear strength. 

• Drainage ditches shall be provided so water is conveyed away from the disposal vault •. 
• Erosion control on the slopes is required 

It is also important to note that final design for cover system has not been performed. 
Final design may include geosynthetics and/or designed soil layers (i.e., low permeability 
capping soil or high penneability drainage layers). This calculation only considers global 
slope stability. Stability of the interface between geosynthetics and designed soil layers 
needs to be evaluated during final design of the cover system. However, for the range of 
slopes being considered (4H:l V and 8H: I V), incorporation of geosynthetics and/or 
designed soil layers is not expected to be an issue. 

6.0 PURPOSE AND RESULTS FOR REVISION 1 

At the request of SCDHEC additional slope stability analysis was performed for a 
horizontal PGA of 0.20g and O.21g. Horizontal seismic coefficients (K.) of 0.20 and 0.21 
were used (Le. , the full PGA). No vertical seismic coefficients (Kv) were used for the 
additional work. 

At the request of SCDHEC, the soil model was extended to include the soil beyond the 
vault allowing a failure beneath and past the vault structure. For the additional work. the 
"total stress" cases (Le., case 10 and 11 from the Revision 0 work) were fe-evaluated 
because they result in the lowest Factor of Safety. The "total stress" or "undrained" 



F- 9

C.kuJati<1l.l Nu. 
K-CLC·UjOOO2 

Sbeel No. 
7A 
Rev. 
I 

condition is conservative and assumes significant generation of pore pressure and 
associated strength loss during seismic loading. Figures 19 and 20 show the case 10 and 
case II soil models used for the previous work. Figures 21 and 22 show the extended 
models used for the additional work. Note that for the extended soil models (Figures 21 
and 22) soil strengths are aligned with the soil stratum as opposed to assigning all soil 
beneath the water table one strength. Also note that the soil strength for deeper soils has 
been increased representing average >trength as opposed to conservati ve lower bound 
strength. Strength test data are presented in Attachment 2. Sheet 42 shows strength data 
for the C2 stratum and the reinterpreted strength used for the C2 stratum. The strength of 
the engineered fill for both the effective stress cases and the total stress cases is q, = 33° & 
c = 20 psf. This strength is conservative and allows for some strength loss during seismic 
loading. By design the engineered fill will need to meet this strength requirement. 

Results of the additional analyses arc presented in Table 2. Figures 23 through 26 contain 
the plots of the additional slope stability runs. In all cases the static and seismic safety 
factors are acceptable. Additional details of the analysis can be obtained fmm computer 
files listed in Attachment 3 and copied on the accompanying disk. 

Table 2. Additional Slope Stability Safety Factors Computed Using SlopeIW 
and Total Stress Shear Strengths 

Horizontal Vertical 
Soil Seismic Seismic Factor 

Strength Soil Vault Coefficient Coefficient of 
Condition Strength I Strength 2 (kh) (kv) Safety 

Case 10 a total stress Figure 21 q,=33°&c=20psf 0.20 0 1.3 
Case 10 b lotal stress Figure 21 4>= 33°&c = 20psf 0.21 0 1.3 
Case II a total stress Figure 22 q, = 0° & c = 4000 psf 0.20 0 1.2 
Case II b total stress Figure 22 <Ii = 0° & c = 4000 psf 0.21 0 1.2 

. . 1 Shear strengths of the SOli layers are shuwn on the referenced Ftgwe . 
2 Shear strength of the vault was modded bolh as a weak grout (01): 0° & c: 4000 psf) and as engineered fill 

(<II = 33' & c = 20 psf). Results reported hcrc are those that produced the lowest faclOf of safety. 
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Figure 24. Safety Factor Calculated Using Slope!W for Case lOb Extended (total stress k,,=O.21 and k,,=O) 
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Figure 25. Safety Factor Calculated Using SlopefW for Case 11a Extended (total stress kh=O.20 and k,=O) 
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Figure 26. Safety Factor Calculated Using Slope/W for Case llb Extended (total stress kh=O.21 and kv=O) 
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ATTACHMENT 2: SOIL SHEAR STRENGTH DATA 

This attachment contains effective and total stress shear strength test results performed in the 
vicinity of the Saltstonc Vaults. More detail regarding the testing can be obtained from 
lltve.ltigatiolls of Slope Stability Savannah River Plant Aiken, South Carolina, by Wqodward
Clyde Consultants (1985), Stability afTrenches 200 Z Area Salmone Landfill Savannah River 
Plant Aiken. South Carolilla, by Woodward-Clyde Consultants (1986). Savannah River Site Z
Area Vault No.2 GeolechnicallllvestigaJions Report (U), by Bechtel Savannah River, Inc. (1992), 
and Saltstolle Disposal Z-Area Savannah River Plallt, by Mueser Rutledge Consulting Engineers 
(1986). 

. 
Figure 1, on sheet II of this calculation, shows approximate elevations for the various soil strdta 
beneath Vault No. 4. Detailed descriptions of the strata are provided in, Salts/one Disposal 
Z-Area Savannah River Plam, by Mueser Rutledge Consulting Engineers (1986). The majority 
of the strength tests are above the water table in the SI stratum (sec sheet 35)_ The S2 and S3 
strata have very limited data. The S2 stratum is believed to behave like the S I stratum when 
above the water table. Cone Penetrometer and Standard Penetration tests indicate that the S2 
stratum is as strong or stronger than the S I stratum. Assuming that the S2 stratum behaves as the 
S t stratum is conservati ve. Five tests are available [or the C2 stratum below the water table. 
The S3 stratum is interspersed and underlies the C2 stratum and is stronger than the C2 stratum. 
Assuming that the S3 stratum behaves a~ the C2 stratum is conservative. Boring ID, type of test, 
test moisture, and stratwn for the triaxial shear tests are provided on sheet 35. 

Effective stress results show sandy behavior with little cohesion for both saturated and 
unsaturated tests. Total stress results from unsaturated samples also tend to behave as sandy 
soils with little cohesion. However, total stress results from saturated samples exhibit strength 
due to cohesion and behave somewhat like clayey soils. 

For "effective stress" cases the S I, S2, C2 and S3 soils above and below the water table were 
modeled as with a conservative friction angle 28' and cohesion of 100 psf above the water and 
no cohesion below the water table (see sheets 36 through 40 for supporting data). 

For the "total stress" cases the SI and S2 soils above the water table were modeled with a 
conservative friction angle of 23° with cohesion of 650 psf as interpreted by Woodward-Clyde 
Consultants (1986) (see sheet 41 for plot of data). The S2. C2 and S3 soils below the water table 
wcre modeled two ways to insure the most conservative interpretation. The soils below the 
water table were modeled with 1) a friction angle of 80 and cohesion of 900 psf and 2) a friction 
angle of zem and cohesion of 1,600 psf (see sheet 42 for plot of saturated total stress data). 
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Mid_ 
Boring SRS SRS Type of Test Tilev_ Sheet 

SGS File No. m Northing Basting Test Moisture Stratum (ft-msl) No_ 
Z-SDF-9 ZB-2 76156 66598 CU saturated SI 26[,0 37,38,42 

Z-SDF-9 ZB-8 75575 66689 CU saturated SI 270.8 39,40,42 

G-SRS-17 and Z-SDF-8 Z-1 76200 66975 CIU nalural SI 270.9 41 

G-SRS-17 and Z-SDF-8 Z-1 76200 66975 crn saturated SI 270.4 36 

G-SRS-17 and Z-SDF-8 Z-I 76200 66975 C1U natural SI 260.9 41 

G-SRS-17 and Z-SDF-8 Z-1 76200 66975 crn saturated SI 260.4 36 

G-SRS-17 and Z-SDF-8 Z-2 75710 67200 crn saturated SI 271.2 36 

G-SRS-17 and Z-SDF-8 Z-2 75710 67200 crn natural SI 270.7 41 

G-SRS-17 and Z-SDF-8 Z-2 75710 67200 cm saturated SI 256.7 36 

G-SRS-17 and Z-SDF-8 Z-2 75710 67200 CIU natural SI 256.2 41 

G-SRS-17 and Z--SDF-8 Z-4 75520 66585 CIU natural SI 273.3 41 

G-SRS-17 and Z-SDF-8 Z-4 75520 66585 CIU saturated SI 272.8 36 

G-SRS-17 and Z-SDF-8 Z-4 75520 66585 cm natural SI 263.25 41 

G-SRS-17 and Z-SDF-8 Z-4 75520 66585 CIU saturated SI 262.8 36 

G-SRS-17 and Z-SDF-8 Z-1 76200 66975 UU natural SI 250.6 41 

G-SRS-17 and Z-SDF-8 Z-1 76200 66975 UU natural S2 240.9 41 

G-SRS-17 and Z-SDF-8 Z-5 78560 67120 UU natural S2 240.3 41 

G-SRS-17 and Z-SDF-8 Z-6 78150 65850 UU natura) SI 260.1 41 

G-SRS-17 and Z-SDP-8 Z-8 77100 67450 UU natural SI 259.6 41 

Z-SDF-2 Z-211U 75741 66805 Cll natural S3 192 42,43,44 

Z-SDF-2 Z-218U 77297 67251 CU natural C2 214.9 42,43,44 

Z-SDF-2 Z-224U 75847 67041 Cll natural C2 221.2 42,43,44 

Z-SDF-2 Z-224U 75847 67041 CU natural C2 217.7 42,43,44 

Z-SDF-2 Z-225U 75939 67325 CU natural C2 216 42,43,44 

Z-SDF-2 Z-225ll 75939 67325 Cll natural C2 216 42,43,44 

CU - Consolidated Undrained 
cm - Isotropically Consolidated Undrained 
UU - Unconsolidated Undrained 
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CU with pDr~ pressure' 

S~HPL~ TYPE: UNOtSTUR8EO 

OESCRIPTION: RED BROWN ~ PUAPLE 

CLAYEY SILTV HED . TO FN . SANO 

LL- PL- PI-

S~ECIFIC GR~VITY- 2 . 70 

REMARKS: T£$TEO By 

SAMPLE NO . 2 

W~TEA CONTENT. • 1.41 . 5 12.B 
.J DRY CENSIT'r'. po' 109 3 107.'3 « 
~ SATURATION. • 72.2 60._ 
~ 'VOID RATIO 0 . 5"'3 0.571 
Z DIAMETER. .n 2 . e7 2.87 
~ 

HEIGH1 . .n 5.60 5 . 60 

WATER CONTENT. • 11.'" 19.9 
~ CRY DENSITY. pef 1141 . 7 109.6 
'" SATURATION. • 100 . 0 100.0 I!! VOIO RATIO 0.<4'0 O. fi:36 
~ DIAMETER. .n 2 . et 2.S. « HEIGHT. .n 5 . 5-4 5.56 

BACK PRESS~E. •• f 2.75 2.68 

CELL. PRESSURE. •• f 1.75 5.18 

FAII..~e: Sl'RESS. •• f 10.01 5.:,30 

PORE PRESSURE. .. , 3.90 3.0-4 
STRAIN RATE, x/min. 0.100 0.100 
UL1IMATE STRESS • 'ef 

l=IoRE PRESSUAE.. kef 
a. FA.ILUAE. .sr 13 . 86 7.4A 

c, F' A.IL.UFlE. .sr 3.85 2.. 1-4 

fLIENT: 9ECMTEL. SA.VANNAH RIVER. INC. 

i='RO..JECT: Z-,t,REA TASK OR:lER .II 

SAMPLE LOCATION: ~-Z UO @ 20-22 ~T. 

PRO..! . NO.: u61010S9A 

CakubLion No. 
K·CLC·Z~OOOl 

SMtNo. 
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R ... 

0 

18.00 

3 

12 . 9 IJ. " 
10S . S _ ,..7·"":t 
Se.6 12-1·1' 

0 . S93 
_ .... 

2 . e6 
5 . 60 

21.2 
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5 . 5B 

2.00 
3 . 25 
3.~6 

.. 79 
Q .100 

5.02 
1..-47 

REVIE~EO BY 
T~IA~IAL COMPRESSION lEST 

FIG. NO . 1 LAW ENGINEERING. INC. 
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~ DIAMETER.. in 
'0( HEIGHT, in 

BACK PRESSURE. k~f 

CELL PRESSURE. k~ f 

FAILURE STRESS. k~f 
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SAMPL~ TYPE : UNDISTURBED 
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Calculation No. 
K·CLC·Z.ooOOI 

Shee1 No. 
45 

Rt"'. 
0 

ATTACHMENT 3: SLOPE/W FILES 

The five types of files were created and used by SLOPEJW for this calculation. 
The SLP file contains the data required for the factor of safety calculations (slope dimensions, 
soil layering, loads, etc.). The SL2 file contains information relating to the gmphicallayout or 
presentation of the problem (e.g. page size and units, engineering units and scale, sketch lines 
and text). The FAC or factor of safeLy file contains the computed factors of safety for each slip 
surface. The FRC or slice forces file stores the slice forces for the critical slip surface. The SL3 
file contains the current graphical layout information for the contour drawing information. 

The file names provide some information about the problem. The first part of the name indicates 
the seismic force, 17g indicate the peak ground acceleration ofO.17g and Og indicates no seismic 
force or the static case (see Section 2.3 Seismic Loading for horizontal and venicalloading 
combinations). The 200psi indicates compressive strength of the vault grout (see Section 2.1 
Slope Nault Geometry and Design). The last number (\through II) is the seismic loading case 
(see Table 1). The files created for this calculation are listed on sheets 46 and 47. The attached 
CD contains a copy of the computer files. 
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SLOPE/W File Listing 

Date 
7/29102 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29102 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/29/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7/30/02 
7130/02 
7/30/02 
7/30/02 
7/30/02 
7/30102 
7/30/02 

Time 
04:44p 
04:44p 
04:43p 
04:51 p 
04:43p 
04:52p 
04:52p 
05:18p 
05:18p 
05:18p 
05:20p 
05:20p 
05:20p 
05:22p 
05:20p 
05:24p 
05:24p 
05:24p 
05:26p 
05:24p 
05:27p 
05:27p 
05:27p 
05:32p 
05:27p 
05:33p 
05:33p 
05:33p 
05:35p 
05:33p 
Ot :12p 
01 :12p 
01 :12p 
01 :13p 
01 :12p 
01 :16p 
01 :16p 
01 :15p 
11 :57a 
01:15p 
01:19p 
01:19p 
01:19p 
01:20p 
01 :19p 

File Size File Name 
3.658,435 Og·200psil.fac 

23,6940g·200psil.frc 
2,1570g·200psil.sI2 
2,116 Og·200psil.sI3 
4,650 0g-200psi l .slp 

3,658,435 17g-200psi2.fac 
23,694 17g-200psi2.ftc 
2,157 17g-200psi2.SI2 
2,116 17g-200psi2.sI3 
4,650 17g-2oopsi2.slp 

3,658,435 17g-200psi3.1ac 
23,694 17g-200psi3.lrc 
2,157 17g·200psi3.sI2 
2,116 17g-200psi3.sI3 
4,650 17g-200psi3.slp 

3,658,435 17g·200psi4.fac 
23,694 17g·200psi4.ftc 
2,157 17g-200psi4.sI2 
2,11617g-200psi4.sI3 
4,650 17g-200psi4.slp 

3,658,435 17g-200psi5,1ac 
23,694 17g-200psi5.frc 
2,15717g-200psi5.sI2 
2,116 17g-200psi5.sI3 
4,650 17g-200psi5.slp 

3,658,435 17g-2oopsi6.1ac 
23,694 17g-2oopsi6.1rc 
2,157 17g-200psi6.sI2 
2,116 17g-200psi6.sI3 
4,650 17g-2oopsi6.slp 

16,16417g-200psi6a.fac 
23,69417g-200psi6a.frc 
2,157 17g-200psi6a.sI2 
2,116 17g·200psiSa.sI3 
4,650 17g·2oopsiSa.slp 

16.164 17g·2oopsi6b.fac 
22,995 17g-2oopsiSb.frc 
2,157 17g-2oopsiSb.sI2 
2,116 17g-200psiSb.sI3 
4.650 17g-200psi6b.slp 

16,164 17g-200psi6c.lac 
22,296 17g-200psi6c.frc 
2,157 17g-200psi6c.sI2 
2,11S 17g-200psi6c.sI3 
4,650 17g-200psi6c.slp 

Cn lcul fl tion No. 
K·CLC·Z.ooOO2 

SbftdNo. 

'" Rev. 
0 
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CalC111ntion No. 
K-CLC-z,.(I00t2 

Sheet No. 
47 

Rev. 
1 

Date Time File Size FileName 
7129102 05:36p 3,658,435 17g-200psi7.fac 
7129102 05:36p 23,694 17g-200psi7.frc 
7/29/02 05:36p 2.157 17g-200psi7.sI2 
7/29/02 05:48p 2,116 17g-200psi7.sI3 
7/29/02 05:36p 4,650 17g-200psi7.slp 
7/29/02 05:50p 3,658,435 17g-200psi8. fac 
7/29/02 05:50p 23,694 17g-200psi8.frc 
7/29/02 05:50p 2,15717g-200psi8.sI2 
7/29/02 05:52p 2,116 17g-200psi8.sI3 
7/29102 05:50p 4.650 17g-200psi8.slp 
7130102 08:51 a 478.827 17g-200psi9.fac 
7/30102 08:51 a 23.694 17g-200psi9.frc 
7/30102 08:50a 2.157 17g-200psi9.sI2 
7130/02 08:56a 2.116 17g-200psi9.sI3 
7130/02 08:50a 4,684 17g-200psi9.slp 
8/6102 04:34p 3,658,435 17g-200psil0.fac 
8/6102 04:34p 23,69417g-200psil0.frc 
8/6/02 04:34p 2,15717g-200psil0.sI2 
8/6/02 04:36p 2,11617g-200psil0.sI3 
8/6/02 04:34p 4,650 17g-200psil O.slp 
8/6/02 04:38p 3,658,435 17g-200psil1.fac 
8/6102 04:38p 23,694 17g-200psil1 .frc 
8/6102 04:38p 2,157 17g-2oopsil1.sI2 
816102 04:39p 2,11617g-2oopsil l.sI3 
816102 04:38p 4,650 17g-2oopsil 1.slp 

Additional SLOPEfW File U~ting for Revision 1 
Date Time File Size File Name 

312112003 01:53p 7,459,075 casel0a.fac 
3121 /2003 01:53p 22,995 case lOa. frc 
3/21/2003 01 :55p 3,071 caselOa.sl2 
3/21/2003 01 :55p 3,030 casel0a.sl3 
3/2112003 01 :55p 5,380 case 1 Oa.slp 
3121/2003 01 :56p 7,459,075 casel0b.fac 
3/21/2003 01 :56p 22,995 case 1 Ob.!rc 
3121/2003 01 :58p 3,071 casel0b.sl2 
3121/2003 01 :58p 3,030 casel0b.sl3 
3121 /2003 01 :58p 5,380 casel0b.slp 
3/2112003 01 :33p 7,459,075 casel1a.lac 
3/2112003 01 :33p 23,694 case 11 a.lrc 
3/21/2003 01 :35p 3,071 casella.sl2 
3121/2003 01 :34p 3,030 casel1a.sl3 
312112003 01 :35p 5,380 casel1a.slp 
3/21/2003 01 :29p 7,459,075 casel1 b.lae 
3121/2003 01 :29p 23,694 casel1 b.lrc 
3121/2003 01 :31 p 3,071 casel1 b.sl2 
3121/2003 01 :31 p 3,030 casel1b.sl3 
3121/2003 01:31p 5,380 casel1b.slp 




