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1.0 INTRODUCTION

This Technical Memorandum summarizes a static, staged construction stability evaluation of the
proposed fill embankment performed to support the Operable Unit 3 (OU 3) Draft Final Design
for the Tailings Impoundment at Callahan Mine Superfund Site (Site) in Brooksville, Maine. The
Draft Final Design calls for dewatering the impoundment via a series of horizontal drains, crest
improvements including excavating up to approximately 23 feet of waste rock and dewatered
tailings along the perimeter of the impoundment, and placement and compaction of excavated
material in central and western portions of the impoundment atop soft tailing “slimes”.

The evaluation of the staged construction stability was made via two distinct
approaches/methods of analysis:

1. An Effective Stress Analysis (ESA) was performed utilizing drained shear strength (i.e.,
friction angle, ¢) in the slimes, in conjunction with estimates of the excess pore
pressures generated within the tailings during fill placement; and

2. An Undrained Strength Analysis (USA) was performed utilizing undrained shear strength
(i.e., cohesion) in the slimes, in conjunction with estimates of strength gain due to
consolidation of the slimes induced by the fill loads.

This Technical Memorandum constitutes Appendix J of the Draft Final Basis of Design (BOD)
Report. This Technical Memorandum focuses primarily on the methods used to evaluate the fill
embankment, staged construction stability at Section E2 (see Figure C-1 in Appendix C), along
which the proposed fill height is the greatest.

2.0 TAILINGS IMPOUNDMENT BACKGROUND INFORMATION

The Tailings Impoundment background information has been previously described in
Appendices C and D of this BOD Report.
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3.0 STAGED CONSTRUCTION STABILITY EVALUATION OF THE FILL EMBANKMENT

A static, staged construction slope stability evaluation of the proposed fill embankment was
made utilizing SLOPE/W (GeoStudio 2012, Version 8.12.3.7901), an industry-standard two-
dimensional slope stability software program developed and distributed by Geo-Slope
International, Ltd. The primary objective of this evaluation is to estimate the maximum
acceptable rate of fill placement and the maximum acceptable fill lift thickness to maintain
minimum acceptable FOS, relative to fill embankment stability, during construction operations.
AMEC utilized Profile E2 (se Appendix C) for this evaluation.

The evaluation of the staged construction stability was made via two distinct
approaches/methods of analysis:

1. An Effective Stress Analysis (ESA) was performed utilizing drained shear strength (i.e.,
friction angle, ¢) in the slimes, in conjunction with estimates of the excess pore
pressures generated within the tailings during fill placement; and

2. An Undrained Strength Analysis (USA) was performed utilizing undrained shear strength
(i.e., cohesion) in the slimes, in conjunction with estimates of strength gain due to
consolidation of the slimes induced by the fill loads.

Development of the SLOPE/W model for Profile E2 is presented in Appendix C. For each
method of analysis and each model “run”, AMEC assumed the following for this evaluation:

e A two-foot thick working surface (aggregate and/or crushed stone) constructed atop
existing grade in fill areas;

o Fully saturated tailings slimes (it is conservatively assumed that the dewatering
operations will not have impacted the slimes, at all, by the start of construction);

e Hydrostatic pore pressure conditions prior to fill placement;

e A low ground pressure (LGP) equipment load of 650 pounds per square foot (psf)
located at the crest of the fill embankment for each lift of fill analyzed; and

o Fill lifts of two feet thick.
The analyses conducted and the results are summarized in the subsections below.
3.1 Effective Stress Analysis

AMEC performed an ESA using the Spencer method, a limit equilibrium analysis method that
evaluates stability with respect to both moment equilibrium and horizontal force equilibrium. For
the ESA, AMEC utilized a drained strength parameter for the slimes (¢’ = 35°) in conjunction
with estimates of the excess pore pressures that will generate within the slimes during fill
placement and dissipate following fill placement. As discussed in Appendices G and H,
prefabricated vertical drains (PVDs) will be required in fill areas to accelerate pore pressure
dissipation in (and consolidation of) the slimes for constructability purposes.
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3.1.1 Excess Pore Pressure

Prior to fill placement, it is assumed that the slimes are under hydrostatic conditions (i.e., the
pore pressures in the slimes increase linearly with depth below the phreatic surface). During fill
placement, additional load is imposed on the slimes by the weight of the fill. Initially, the pore
pressures in the slimes will want to carry the additional load, and excess pore pressures will
develop. When excess pore pressures develop, effective stresses decrease; as a result, the
available shear resistance, or shear strength, of the slimes is decreased. Over time the excess
pore pressures dissipate, and the load imposed by the fill gets transferred to the soil, or in this
case slimes, particles and the effective stress increases. After pore pressures have dissipated
completely and pore pressures return to hydrostatic conditions, the available shear strength of
the slimes increases, relative to the shear strength prior to fill placement, as a result of the
increase in effective stress due to load placement.

The theoretical maximum excess pore pressure generated is proportional to the thickness of fill
placed and can be estimated as follows:

Excess Pore Pressure (ft of Water) = Unit Weight of Fill x Fill Thickness / Unit Weight of Water.

For this analysis, two-foot thick fill lifts were assumed. As such, the theoretical maximum excess
pore pressure head developed in the slimes is approximately 4 feet of water for each lift (see
Attachment J-1a for supporting calculations). It was also assumed that excess pore pressures
dissipate completely prior to placement of subsequent lifts (i.e., no cumulative excess pore
pressure effects).

In SLOPE/W, in-situ pore pressures can be modeled using a grid of points, with each point
having assigned pore pressure. SLOPE/W then interpolates pore pressures between grid
points. For this analysis, three pore pressure grids were developed and utilized to
simulate/represent various increments of excess pore pressure dissipation:

e 10 percent dissipation (0.90 x theoretical maximum excess pore pressure);
e 50 percent dissipation (0.50 x theoretical maximum excess pore pressure); and
e 90 percent dissipation (0.10 x theoretical maximum excess pore pressure).

With PVDs installed, it is anticipated that excess pore pressures will dissipate relatively quickly.

For this evaluation, the FOS at various stages in fill placement was examined considering the
excess pore pressure dissipation increments above. The fill stages selected were 4 feet placed
(2 lifts), 12 feet placed (6 lifts), and 20 feet placed (final capped conditions) above the initial
working surface.

3.1.2 Summary of Results

The results of the ESA are summarized in Table J-1. The SLOPE/W output files are provided in
Attachment J-1b.
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Table J-1
Summary of ESA Fill Embankment Stability Results

Effective Stress Analysis Results

Fill Height 10% Dissipation | 50% Dissipation | 90% Dissipation
(above working surface)
FOS FOS FOS
4 Feet (2 lifts) 2.14 2.27 2.38
12 feet (6 lifts) 2.31 2.40 2.47
20 feet (final conditions) 2.49 2.56 2.63

3.2 Undrained Strength Analysis (USA)

AMEC performed a UUSA using the Spencer method, a limit equilibrium analysis method that
evaluates stability with respect to both moment equilibrium and horizontal force equilibrium. The
USA of the staged construction stability evaluation for the fill embankment was performed
utilizing undrained strength parameters (i.e., cohesion, c or s,) for the slimes. In an undrained
analysis, the generation of excess pore pressure does not affect the available shear resistance,
or shear strength, of the soil (in this case, the slimes). The groundwater conditions were
modeled using a piezometric line (assuming hydrostatic conditions). As with the ESA, it is
assumed that PVDs will be installed in fill areas to accelerate pore pressure dissipation and
consolidation of the slimes.

3.2.1 Initial Undrained Shear Strength of Tailings Slimes

An estimate of the initial, in-situ undrained shear strength of the tailings slimes was made based
on an evaluation of the results of in-situ vane shear testing (VST) and Cone Penetration Testing
(CPT) performed at the site by AMEC in 2008 (MACTEC, 2009a), and by Credere, Associates
LLC, (Credere, 2012). The results of laboratory Consolidated Isotropic Undrained (CIU) and
Consolidated K, Undrained (Ck,U) triaxial testing on undisturbed Shelby tube samples
performed as part of both programs were also used in the evaluation of the initial, in-situ
undrained shear strength.

Four locations within the Tailings Impoundment slimes area were selected to assess the initial
undrained shear strength. These locations correspond to previously performed exploration
locations where both in-situ VST and CPT testing were performed, either immediately adjacent
to or in close proximity to one another.

The undrained shear strength derived from the VST was used as the initial strength. The
adjacent or nearby CPT exploration data was then used to estimate the undrained strength in-
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between the discrete VST depths using an empirical correlation between the CPT tip resistance
and the in-situ undrained shear strength. Paired locations were selected so that the CPT data
could be calibrated to site-specific undrained shear strengths measured using the VST. The four
locations selected are as follows:

e SB-605a/CP-607;

e SB-605b/CP-614;

e SB-603/CPT-25, CPT-26, and CP-607; and
e SB-603/CP-610

Plots of the in-situ VST undrained strengths with depth are included on the center plot of the
figures provided in Attachment J-2a. The continuous CPT strength profiles shown (Attachment
J-2a) were then estimated using the “total cone resistance method”, as described by Lunne, et
al (2001). The estimated undrained shear strength from the CPT data is calculated as follows:

Su = (qt'Gvo)/th

Where:

Su = undrained shear strength

g = cone resistance corrected for pore pressure effects,
Gy = the total insitu vertical stress

Ny = empirical cone factor

The Ny factor was adjusted so that calculated undrained shear strength from the CPT data
matched the measured undrained shear strength from the VST, as closely as possible, with
consideration to the trends in the VST data and scatter in the data set, at each location. The Ny
coefficient that most closely matched the lower bound values of shear strength from the VST
ranged from 8 to 10. The actual coefficient utilized is shown on the plots.

3.2.2 Undrained Strength Ratio

The plot on the right of each figure in Attachment J-2a represents the undrained strength ratio

expressed as S,/c’y where S, is the undrained shear strength and c’y, is the existing vertical
effective stress. This ratio is commonly referred to as the c/p’ ratio. Based on information
reviewed by Martin & McRoberts (Attachment J-2b), c/p’ ratios in the range of 0.2 to 0.3 for
tailings slimes are in general agreement with the cases in the literature. The reported c/p’ ratios
are for USA where the shear failure is in the ductile range. Simply stated, the materials in the
ductile range will generate excess pore pressures during shearing with increasing strain, but the
available strength does not fall off or reduce dramatically. The tailings slime zone,
established/delineated previously in Appendix C, was broken out into four c/p’ zones as
presented in Attachment J-2a.
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The laboratory data from the triaxial CIU and Ck,U tests on the slimes were also evaluated to
further refine the c/p’ ratios in the stability analyses. The average c/p’ ratios for the triaxial CIU
tests on slimes ranged from 0.33 to 0.46. The average c/p’ ratios for triaxial Ck,U tests ranged
from 0.30 to 0.4, with an average of 0.35 (Mactec 2009a and Credere (2012). For this analysis,
we utilized the c/p’ ratio from the CK,U tests, as this test better represents the in-situ stress
state.

Undrained strengths determined from the triaxial compression tests are typically higher than
other modes of failure tested in the laboratory. When considering a hypothetical failure surface,
the triaxial compression mode generally represents the soil behavior in the upper, descending,
portion of the shear mass. Triaxial extension generally represents the soil behavior in the lower,
ascending, portion of the shear mass, on the opposite side of the hypothetical failure circles.
Direct Simple Shear (DSS) generally represents the soil behavior in the central portion of the
failure mass. Triaxial extension and DSS tests were not performed on the tailings slimes.

The VST mode of failure is considered to be similar to the DSS mode of failure. The adjusted
c/p’ ratios for each zone, based on the VST and CkoU data, were developed by assigning a
weighting factor of 0.33 to the triaxial CKoU ratio and a weighting factor of 0.66 to the VST/CPT
c/p’ ratio. The lowest range in the VST/CPT data was used in each zone. The resulting c¢/p’
ratios used in the analysis are summarized in Table J-2. The tailings slime zone,
established/delineated previously in Appendix C, was broken out into four c/p’ zones as
presented on the stability analyses summary figures in Attachment J-2a.

Table J-2

Summary of ¢/p’ ratios used in TSA

Zone c/p’ ratio from c/p’ ratio from CK,U | c/p ratio utilized in
VST/CPT Triaxial USA
Zone 1 0.25t0 0.28 0.35 0.28
Zone 2 0.32t0 0.35 0.35 0.35
Zone 3 0.15t0 0.19 0.35 0.19
Zone 4 0.3 0.35 0.3
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3.2.3 Overview of Analysis

The stability analyses were performed using a staged construction approach, whereby the
strength of the tailings slimes increases in proportion to the weight of the fill placed on top of the
stratum in 2-foot lifts, multiplied by the c/p’ ratio. Several steps in the filing sequence were
evaluated, including the following:

1.

o0k whN

The initial working pad case, where the undrained shear strength is the in-situ strength
of the tailings prior to fill placement;

The first 3 lifts of fill (2-6 feet of fill above the working surface);

The 4™ lift of fill (8 feet of fill above working surface):;

The 7™ lift of fill (14 feet of fill above working surface);

The final capped condition; and

The final capped condition assuming a c/p’ ratio of 0.20 for the slimes stratum (sensitivity
analysis for low bound c/p").

The analyses assume that the slimes fully consolidate (or close to fully) prior to placement of
additional fill lifts. The undrained shear strength of the slimes in each zone prior to application
of fill was calculated as shown in Attachment J-2c.

3.2.4

Summary of Results

The results of the TSA are summarized as follows:

1.

Working Pad Stage: The analyses indicate that the factor of safety is low (1.0) during
the initial placement of the fill. The equipment load of 650 psf becomes critical as the fill
and equipment approaches the perimeter of the working surface. Our analyses indicate
that a small berm will be necessary beyond the end of the actual working surface in
order to fully build-out the working surface pad and prevent “mud-waving”. The stability
of this working pad will be highly dependent on the equipment used by the contractor
and their means and methods. The plans and specifications require the contractor to
develop a plan detailing the construction means methods and equipment necessary for
construction of the working pad and support of the equipment necessary to install the
Prefabrication vertical drains (PVDs). Only after the drains are installed can additional
lifts of fill be placed over the slimes.

First 3 Lifts: The toe berm required for the working surface construction should be
maintained for the first three (3) lifts of fill. As such, the toe of the fill embankment should
not be excavated until after the third lift of fill is placed, at a minimum. These “runs”
consider that the working pad has been installed, the PVDs are in-place, and the slimes
have been allowed to consolidate under the weight of the working pad fill. The analyses
also consider biaxial geogrid (Tensar BX1500), with a wide width tensile strength of
1,370 pounds per foot (Ib/ft) at 5 percent strain, placed at 2-foot vertical spacing within
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the working pad and fill embankment. The results indicate that the FOS increases from
1.3 to 1.7 (with the equipment surcharge load) as fill thickness increases and as the
slimes experience consolidation-induced strength gain.

4™ Lift:  The fourth (4™ lift of fill was evaluated considering fill embankment toe
excavation to proposed subgrade elevations, equipment surcharge load at the crest of
the fill embankment, and biaxial geogrid at 2-foot vertical spacing. The results indicate a
FOS of 1.4 to 1.5.

7" Lift: The seventh (7™ lift of fill was evaluated considering fill embankment toe
excavation to proposed subgrade elevations, equipment surcharge load at the crest of
the fill embankment, and biaxial geogrid at 2-foot vertical spacing. The results indicate a
FOS of 1.6.

Final Capped Condition: The final capped condition was evaluated considering fill
embankment toe excavation to proposed subgrade elevations, final aggregate/crushed
stone cover soils, equipment surcharge load at the crest of the fill embankment, and
biaxial geogrid at 2-foot vertical spacing. The results indicate a FOS of 1.7. This FOS is
expected to improve over time, as the strength parameters transition from undrained to
drained conditions.

A sensitivity analysis was performed, considering a c/p’ ratio of 0.20 for the entire slimes
stratum under final capped conditions (similar to No. 5 above). The results indicate a
FOS of 1.3. Due to the uncertainty and potential spatial variability and heterogeneity of
the tailings slimes, it is necessary that geogrid reinforcing be installed at 2-foot vertical
spacing within the entire fill embankment.

Based on the results of the USA, which appears to govern the fill embankment stability, AMEC
recommends fill placement in 2-foot lifts with biaxial geogrid. However, a lift of fill should not be
placed until at least 90 percent consolidation of the tailings has occurred. With the PVDs, this is
expected to occur within 2 to 4 weeks per lift. Rate of fill placement will ultimately be
governed/regulated by geotechnical instrumentation data and the Engineer.

Selected SLOPE/W output files from the USA are presented in Attachment J-2d.
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ATTACHMENT J-1

EFFECTIVE STRESS ANALYSIS
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ATTACHMENT J-1a

EFFECTIVE STRESS ANALYSIS

Excess Pore Pressure Calculations
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ATTACHMENT J-1b
EFFECTIVE STRESS ANALYSIS

SLOPE/W Output Files
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Elevation (ft)

Title: Callahan Mine OUS3 - Fill-Atop-Slimes

Date: 10/28/2014

File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz

Name: Case 01a - 2-Lifts - Drained - 10%-PP-Diss
Method: Spencer
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<4 SB-1119

<4— SCPT-16/16A

Waste Rock
Tailings - Sands  Model:
Tailings - Mixed  Model:
Tailings - Slimes ~ Model:
Fill - Rock/Sand/Fines Mix
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

-4— SCPT-10/SB-1120

Model: Mohr-Coulomb

N
N

Mohr-Coulomb
Mohr-Coulomb
Mohr-Coulomb

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 117 pcf
Unit Weight: 114 pcf

Model: Mohr-Coulomb

Unit Weight: 105 pcf
Unit Weight: 125 pcf
Unit Weight: 125 pcf
Unit Weight: 123 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 119 pcf
Unit Weight: 118 pcf

Model: Undrained (Phi=0)

Cohesion': 0 psf
Cohesion': 0 psf

Cohesion': 0 psf

Unit Weight: 130 pcf

Unit Weight: 125 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Model: Mohr-Coulomb

Model: Bedrock (Impenetrable)

SM-Clay/Org. - 375

SM-Clay/Org. - 750

Clay - 2750  Model: Undrained (Phi=0)
Clay - 1750  Model: Undrained (Phi=0)
Clay - 1250  Model: Undrained (Phi=0)
Clay - 625  Model: Undrained (Phi=0)
Clay - 475  Model: Undrained (Phi=0)
Clay - 375  Model: Undrained (Phi=0)
Bedrock  Model: Bedrock (Impenetrable)
Reworked Clay/Till - Su

Clay - 1075  Model: Undrained (Phi=0)
SM-Clay - 1000  Model: Undrained (Phi=0)
Waste Rock/Dewatered Tailings Mix
Glacial Till - Impenetrable

Clay - 525  Model: Undrained (Phi=0)
Clay - 675  Model: Undrained (Phi=0)
Clay - 925  Model: Undrained (Phi=0)
Clay - 1225  Model: Undrained (Phi=0)
Clay - 825  Model: Undrained (Phi=0)
Clay - 575  Model: Undrained (Phi=0)
Clay - 725  Model: Undrained (Phi=0)
Clay - 700  Model: Undrained (Phi=0)
Clay - 425  Model: Undrained (Phi=0)
SM-Clay - 1250  Model: Undrained (Phi=0)
Clay - 3000  Model: Undrained (Phi=0)
Clay - 975  Model: Undrained (Phi=0)
Aggregate - 40  Model: Mohr-Coulomb

©
o
o
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Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 122 pcf
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Cohesion': 475 psf
Cohesion': 375 psf

Cohesion': 2,000 psf

Cohesion': 1,075 psf

Unit Weight: 125 pcf

Cohesion': 525 psf
Cohesion': 675 psf
Cohesion': 925 psf
Cohesion': 1,225 psf
Cohesion': 825 psf
Cohesion': 575 psf
Cohesion': 725 psf
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Cohesion': 975 psf
Cohesion': 0 psf

Cohesion': 375 psf
Cohesion': 750 psf
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Phi 40 °

Constant Unit Wt. Above Water Table: 95 pcf
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi': 42 ©  Constant Unit Wt. Above Water Table: 95 pcf

Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf  Cohesion": 0 psf ~ Phi': 36 °  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Slimes  Model: Mohr-Coulomb  Unit Weight: 114 pcf  Cohesion': 0 psf  Phi': 35 ° Constant Unit Wt. Above Water Table: 110 pcf

Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~Unit Weight: 130 pcf ~ Cohesion": 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf
Date: 10/28/2014 Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf

. Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
File Name: 03 Tailings Profile E2 Fi||ing PP-Dissipation.gsz Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf

Name: Clay - 1750 Model: Undrained (Phi=0) Unit Weight: 123 pcf  Cohesion': 1,750 psf
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion': 1,250 psf

. _ o] ifte - i _B0%-PP-Di Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 625 psf
Name: Case 01b - 2-Lifts - Drained - 50%-PP-Diss Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 pst
Method: Spencer Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 375 psf

Name: Bedrock  Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 2,000 psf =~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf Cohesion': 1,000 psf = Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion': 0 psf ~ Phi': 38 °  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)

Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf

Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf

Name: Clay - 925 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 925 psf

Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,225 psf

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf

Name: Clay - 575  Model: Undrained (Phi=0 Unit Weight: 120 pcf ~ Cohesion': 575 psf

Name: Clay - 725  Model: Undrained (Phi=0 Unit Weight: 121 pcf  Cohesion': 725 psf

Name: Clay - 700 Model: Undrained (Phi=0 Unit Weight: 121 pcf  Cohesion': 700 psf

Name: Clay - 425 Model: Undrained (Phi=0 Unit Weight: 118 pcf  Cohesion': 425 psf

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf  Constant Unit Wt. Above Water Table: 105 pcf

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf

Name: Clay - 975 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion': 0 psf  Phi': 40 °
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Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion': 0 psf ~ Phi': 42 Constant Unit Wt. Above Water Table: 95 pcf

Name: Tailings - Sands  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf i':37 ° Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion'": 0 psf 6 ° Constant Unit Wt. Above Water Table: 110 pcf
. . . . Name: Tailings - Slimes  Model: Mohr-Coulomb  Unit Weight: 114 pcf ~ Cohesion: 0 psf ~ Phi': 35 ° Constant Unit Wt. Above Water Table: 110 pcf
Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb Uit Weight: 130 pcf  Cohesion': 25 psf _ Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf
Date: 10/28/2014 Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf
: Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 2750 Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf
- - - - Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf =~ Cohesion': 1,750 psf
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weighti‘;g2 p;:f CCghesion":S;gSOfpsf
. _ o] ifte - H ~ o/ _PP_Di Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: pc ohesion": ps
Name: Case 01c - 2-Lifts - Drained - 90%-PP-Diss Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion’: 475 pst
Method: Spencer Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf

Name: Bedrock ~ Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion": 2,000 psf =~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion': 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion': 0 psf ~ Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)

Name: Clay - 525 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 525 psf

Name: Clay - 675 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 675 psf

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf

Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,225 psf

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf

Name: Clay - 575 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 575 psf

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf

Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 425 psf

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf

Name: Clay - 975 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb ~ Unit Weight: 100 pcf ~ Cohesion': 0 psf ~ Phi": 40 °
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Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf  Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf

Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi': 37 °  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion’: 0 psf ~ Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Slimes ~ Model: Mohr-Coulomb  Unit Weight: 114 pcf ~ Cohesion": 0 psf ~ Phi': 35 °  Constant Unit Wt. Above Water Table: 110 pcf

Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf ~ Cohesion’: 25 psf  Phi: 36 °  Constant Unit Wt. Above Water Table: 120 pcf
Date: 10/28/2014 Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf

Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion": 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf

Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf  Cohesion": 1,750 psf
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion": 1,250 psf

Name: Case 02a - 6-Lifts - Drained - 10%-PP-Diss Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 625 psf

Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf

Method: Spencer Name: Clay - 375  Model: Undrained (Phi=0) ~ Unit Weight: 118 pcf  Cohesion': 375 psf
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Name: Bedrock ~ Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion": 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion: 0 psf ~ Phi': 38 > Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)

Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf

Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 925 psf

Name: Clay - 1225 ~ Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion'": 1,225 psf

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 575 psf

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf

Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 425 psf

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion'": 3,000 psf

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion": 0 psf ~ Phi": 40 °©
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 42 ©  Constant Unit Wt. Above Water Table: 95 pcf
Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf  Cohesion": 0 psf ~ Phi': 36 °  Constant Unit Wt. Above Water Table: 110 pcf

— . . . Name: Tailings - Slimes  Model: Mohr-Coulomb  Unit Weight: 114 pcf  Cohesion': 0 psf ~ Phi': 35 ° Constant Unit Wt. Above Water Table: 110 pcf
Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb Unit Weight: 130 pcf  Cohesion': 25 psf _ Phi:36 ° Gonstant Unit Wt. Above Water Table: 120 pof
Date: 10/28/2014 Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf

h : . . . Lo X Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 2750 Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf

Name: Clay - 1750 Model: Undrained (Phi=0) Unit Weight: 123 pcf  Cohesion': 1,750 psf
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf Cohesion': 1,250 psf

. _ 6-lifts - H _ 50%-PP-Di Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 625 psf
Name: Case 02b - 6-Lifts - Drained - 50%-PP-Diss Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf
Method: Spencer Name: Clay - 375  Model: Undrained (Phi=0) ~ Unit Weight: 118 pcf ~ Cohesion': 375 psf

Name: Bedrock  Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 2,000 psf =~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion": 0 psf ~ Phi': 38 °  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)

Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf

Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 925 psf

Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,225 psf

Name: Clay - 825 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 825 psf

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 575 psf

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf

Name: Clay - 700 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 700 psf

Name: Clay - 425 Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb ~ Unit Weight: 100 pcf  Cohesion': 0 psf  Phi': 40 °
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Title: Callahan Mine OUS - Fill-Atop-Slimes
Date: 10/28/2014
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz

Name: Case 02c - 6-Lifts - Drained - 90%-PP-Diss
Method: Spencer

Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion: 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf

Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion: 0 psf ~ Phi': 37 °©  Constant Unit Wt. Above Water Table: 110 pcf
Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion’: 0 psf ~ Phi': 36 °  Constant Unit Wt. Above Water Table: 110 pcf
Tailings - Slimes ~ Model: Mohr-Coulomb  Unit Weight: 114 pcf  Cohesion: 0 psf ~ Phi': 35 > Constant Unit Wt. Above Water Table: 110 pcf

Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf ~ Cohesion': 25 psf
SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion': 375 psf
SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf
Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf

Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion': 1,750 psf

Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion': 1,250 psf

Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 625 psf

Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf

Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf

Bedrock  Model: Bedrock (Impenetrable)

Reworked Clay/Till - Su  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf
Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf
SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 1,000 psf
Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion': 0 psf

Phi': 36 °  Constant Unit Wt. Above Water Table: 120 pcf
Constant Unit Wt. Above Water Table: 85 pcf
Constant Unit Wt. Above Water Table: 105 pcf

Constant Unit Wt. Above Water Table: 120 pcf

Constant Unit Wt. Above Water Table: 105 pcf
Phi': 38 °©  Constant Unit Wt. Above Water Table: 115 pcf

Name: Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)
Name: Clay - 525 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf
Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf
Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 925 psf
Name: Clay - 1225  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf ~ Cohesion'": 1,225 psf
Name: Clay - 825 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 575 psf
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf
Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 425 psf
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 3,000 psf
Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 975 psf
Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion": 0 psf ~ Phi": 40 °©
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf

Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed =~ Model: Mohr-Coulomb  Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Slimes ~ Model: Mohr-Coulomb  Unit Weight: 114 pcf  Cohesion': 0 psf ~ Phi': 35 © Constant Unit Wt. Above Water Table: 110 pcf

TR : + : Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf  Cohesion': 25 psf ~ Phi': 36 © Constant Unit Wt. Above Water Table: 120 pcf
Title: Callahan Mine OU3 - F'”'AtOp'SI'meS Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf
Date: 10/28/2014 Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

. - . e . . Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 2,750 psf
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion': 1,750 psf

Name: Clay - 1250 Model: Undrained (Phi=0) Unit Weight: 122 pcf ~ Cohesion': 1,250 psf
Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf

. - - i - 10%-PP-Di Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf
Name: Case 03a Capped Drained - 10%-PP-Diss Name: Clay - 375 Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 375 psf
Method: Spencer Name: Bedrock  Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf

Name: Clay - 1075  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf  Cohesion': 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion': 0 psf ~ Phi': 38 °©  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)

Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf
Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 675 psf
Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf
Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion'": 1,225 psf
Name: Clay - 825 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 825 psf
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf
Name: Clay - 700 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 700 psf
Name: Clay - 425 Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Name: Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf = Cohesion': 0 psf ~ Phi': 41 °

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 3,000 psf

Name: Clay - 975 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf ~ Phi': 40 °
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Elevation (ft)

Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 42 °©  Constant Unit Wt. Above Water Table: 95 pcf

Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf  Cohesion": 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf
Name: Tailings - Slimes  Model: Mohr-Coulomb  Unit Weight: 114 pcf  Cohesion': 0 psf ~ Phi': 35 ° Constant Unit Wt. Above Water Table: 110 pcf

TR : . : Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf  Cohesion': 25 psf ~ Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf
Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf Cohesion’: 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf
Date: 10/28/2014 Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

. - . - L. . Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion': 1,750 psf

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,250 psf
Name: Clay - 625 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 625 psf

: - - i - %-PP-Di Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf
Name: Case 03b Capped Drained - 50%-PP-Diss Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 375 psf
Method: Spencer Name: Bedrock ~ Model: Bedrock (Impenetrable)

Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 1,000 psf  Constant Unit Wt. Above Water Table: 105 pcf

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion: 0 psf ~ Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)

Name: Clay - 525 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 525 psf

Name: Clay - 675 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 675 psf

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf

Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion': 1,225 psf

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf

Name: Clay - 575 Model: Undrained (Phi=0) Unit Weight: 120 pcf  Cohesion': 575 psf

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf

Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Name: Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf =~ Cohesion': 0 psf ~ Phi': 41 °

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 3,000 psf

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 975 psf

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion': 0 psf ~ Phi': 40 °
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Elevation (ft)

Title: Callahan Mine OUS - Fill-Atop-Slimes

Name:
Name:
Name:
Name:
Name:
Name:

Waste Rock
Tailings - Sands
Tailings - Mixed
Tailings - Slimes
Fill - Rock/Sand/Fines Mix
SM-Clay/Org. - 375

Model: Mohr-Coulomb

Unit Weight: 120 pcf ~ Cohesion': 0 psf
Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf
Model: Mohr-Coulomb  Unit Weight: 117 pcf  Cohesion’: 0 psf ~ Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf
Model: Mohr-Coulomb  Unit Weight: 114 pcf ~ Cohesion": 0 psf ~ Phi': 35 ° Constant Unit Wt. Above Water Table: 110 pcf
Model: Mohr-Coulomb Unit Weight: 130 pcf  Cohesion': 25 psf  Phi': 36 °
Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf

Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf
Phi': 37 °©  Constant Unit Wt. Above Water Table: 110 pcf

Constant Unit Wt. Above Water Table: 120 pcf

Date: 10/28/2014 Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
. - . _— L. . Name: Clay - 2750 Model: Undrained (Phi=0) Unit Weight: 125 pcf ~ Cohesion': 2,750 psf
File Name: 03_Tailings_Profile E2_Filling_PP-Dissipation.gsz Name: Clay - 17750  Model: Undrained (Phi=0) ~ Unit Weight: 123 pcf ~ Cohesion': 1,750 psf
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf = Cohesion': 1,250 psf
Name: 8Iay - %g MOgeI: Hngraineg 2;”:8; Bnit Weignt: ﬁg pcI 80Eesion': %g psI
. - - i - 90%-PP-Di ame: Clay - odel: Undraine i= nit Weight: pci ohesion': psi
Name: Case 03c Capped Drained - 90%-PP-Diss Name: Clay - 375 Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 375 psf
Method: Spencer Name: Bedrock ~ Model: Bedrock (Impenetrable)
Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf
Name: Clay - 1075 Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,075 psf
Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion': 0 psf ~ Phi': 38 °©  Constant Unit Wt. Above Water Table: 115 pcf
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)
Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf
Name: Clay - 675 Model: Undrained (Phi=0) Unit Weight: 120 pcf ~ Cohesion': 675 psf
Name: Clay - 925 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 925 psf
Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion'": 1,225 psf
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf
Name: Clay - 725 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 725 psf
Name: Clay - 700 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 700 psf
Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion': 425 psf
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Name: Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion': 0 psf ~ Phi': 41 °
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf
Name: Clay - 975 Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 975 psf
Name: Aggregate - 40  Model: Mohr-Coulomb ~ Unit Weight: 100 pcf ~ Cohesion': 0 psf ~ Phi": 40 °
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Some considerations in the stability analysis of upstream tailings dams

T.E. Martin
AGRA Earth & Environmental Limited, Burnaby, B.C. Canada

E.C. McRoberts
AGRA Earth & Environmental Limited, Edmonton, Alberta, Canada

ABSTRACT: Upstream constructed tailings dams represent a significant challenge to the
geotechnical engineer in terms of analysis of their stability, in large part because the shear strength
of the loose sands and fine grained or “slimes” components of such structures is open to
considerable uncertainty. In particular, it is critical that the behavior of the tailings under shear
. (contractant or dilatant, failure under drained or undrained conditions) be understood, and that this
understanding be incorporated into stability analyses. The continued development of critical state
soil mechanics has served to focus attention on this issue, but this focus has generally been
directed towards problems involving seismic liquefaction, However, contractant versus dilatant
behavior in shear is equally important in terms of static stability, particularly for upstream tailings
dams which so often are constructed of primarily contractant, potentially liquefiable materials.
This paper presents a review of drained versus undrained methods of static stability analysis of
upstream tailings dams, and how these relate to dilatant versus contractant behavior. The authors

support the view that for upstream dams constructed of contractant, potentially liquefiable tailings, *

both undrained strength analysis and steady state strength analysis should be considered, and that
effective stress analysis for such structures can be fundamentally incorrect and unsafe.

1 BACKGROUND

The upstream method has been employed for many tailings dams. Two idealized typical sections
of upstream tailings dams are shown in Figure 1. The past and continued attraction of the method
is obvious, as it represents the most economical of all methods of tailings dam construction, Mill
tailings are hydraulically separated - either by cycloning or spigotting on beaches or in cells - with
the coarser sand sized fraction used to build a retention shell or dam and the fines collecting in a
pond. In some cases when beaches are short, sands are placed subaqueously and as a result are
very loose. As the dam raises the more stable subaerial beaches [which are often strengthened
by desiccation] step out over loose subaqueous sands or fines (slimes.) As dams are usually
raised against some sort of regional slope, or in a valley, water pools against the starter dam. This
combination of circumstances usually occurs where the dam is highest. Thus as the dam is raised
loose sands and weak slimes in a wide range of relative proportion and degree of intermixing are
trapped in the downstream section, often with disastrous results.

T.E. Martin, E.C. McRoberts: Some considerations in the stability analysis 1
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Figure 1. Idealized sections of upstream tailings dams.

Upstream tailings dams are unforgiving structures, and any one or combinations of improper
design, construction and operation have resulted in a number of well-known, catastrophic failures,
that have in some instances caused loss of life, such as the Stava failure in Italy (Berti et al., 1988,
Chandler and Tosatti, 1995). The United States Committee on Large Dams (USCOLD, 1994)
published a review of tailings dam failure records available to them in 1994. This review found
that upstream-constructed tailings dams have recorded the largest share of documented failures.

The authors believe that many of these failures are due to the entrapment of loose sands and/or
weak slimes in the downstream section. In many, and including recent designs reviewed by the
authors, this factor is overlooked. This, as shall be described, is due to fundamental errors in the
understanding of the operative strength of loose sands and weak slimes.

The susceptibility of upstream tailings dams to liquefaction and flow failures under seismic
loading conditions is well known, and a number of case histories of such failures from the 1965
Chilean earthquake (Dobry and Alvarez, 1967), the 1978 Isu-Ohshima earthquake (Marcuson et
al., 1979), and the 1985 Chilean earthquake (Castro and Troncoso, 1988) are well-documented, It
is well understood that loose sands or weak slimes are contractant when sheared, and are
therefore susceptible to this seismic triggering. What often appears to be not so well understood,
and is the focus of this paper, is that undrained shear under static loading conditions can have the
same consequences. As discussed in detail by McRoberts and Sladen (1992) there is little
practical difference in the magnitude of the shear strength induced by seismic or undrained static
loading.

The stability of tailings impoundments increases considerably with time once their operational
life ends. This is particularly true for upstream tailings dams, and is due to the following factors:

T.E. Martin, E.C. McRoberts: Some considerations in the stability analysis 2




1. Surface water is usually absent, particularly for impoundments regraded to shed runoff,
allowing levels of saturation within the outer shell (and possibly the slimes) to gradually reduce.

2. Excess pore pressures induced by the raising of the impoundment will gradually dissipate,
resulting in an increase in strength in the tailings slimes.

3. Capping of impoundments for closure reduces infiltration and allows for further reduction in
saturation levels, particularly in dry climates.

4, Aging effects related to cementation and oxidation processes of tailings in the unsaturated
zone, which may increase the liquefaction resistance of tailings by as much as 250% over 30
years (Troncoso, 1988, 1990).

5. Aging effects related to particle rearrangement resulting in macro-interlocking of particles
and micro-interlocking of surface roughness (Joshi et al, 1995), a particularly significant
mechanism given the angularity of tailings patrticles.

2 SAFE DESIGN AND OPERATION OF UPSTREAM TAILINGS DAMS

There is nothing fundamentally wrong with upstream tailings dams provided that key principles are
adhered to in the design, construction, and operation of such dams. Upstream dams were
originally designed in an empirical manner by mine operators, without the insights derived from
geotechnical principles (Vick, 1992, Casagrande and Maclver, 1970). The vast' majority of
upstream tailings dams have petformed satisfactorily. Based on experience, both successful and
. unsuccessful, this empirical design approach identified the importance of several key ﬁmdamentals
for upstream tailings dams (Lenhart, 1950, Vick, 1992):

1. spigotting of a wide, sand (drained) tallmgs beach from the embankment crest;

2. avoiding situations whereby the dam slope is underlain by fine tailings. (slimes) deposited
within the water pond,

3. prevention of seepage emerging on the dam face; and

4. having a well-drained foundation.

The dam section shown in Figure 1(a) satisfies the criteria above, while the section shown in
Figure 1(b) clearly does not. ’

These experienced-based principles remain valid, but do not directly address the criticality of
operating and monitoring practices in maintenance of the safety of upstream dams. Nor do they
directly address the issue of characterization of shear strengths in terms of drained or undrained
behavior under shear. The authors therefore expanded the checklist above to the following eight
fundamental rules for design, construction and operation of upstream tailings dams:

1. A sufficiently wide beach, relative to the ultimate height of the dam, must be maintained at all
times, to achieve segregation of the coarser tailings sizes and to form a relatively strong, wide,
drained (unsaturated), and/or dilatant (non-contractant during shear) outer shell. The dam slope
must not be underlain by tailings slimes, unless the designer has satisfied Rule 4 below. The shell
must be of sufficient width to retain the “bursting pressures” [see Casagrande and Maclvor] of
the upstream contractant beach sands or slimes if they liquefy.

2. The rate of raising of the dam must be sufficiently slow such that there is a sufficient degree
of dissipation of excess pore pressures in the outer shell and in the slimes, and such that excess
pore pressure buildup does not occur in foundation materials.

3. There must be sufficient underdrainage (drainage blanket, finger drains) and/or a pervious
foundation to maintain the sand shell in a relatively drained condition, and to prevent seepage from
issuing from the face of the tailings dam.

4. Design analyses must include both undrained strength analysis (USA) and effective stress
analysis (ESA), with design controlled by the analysis type giving the lowest factor of safety. A
wide range of factors including material type, degree of consolidation and stress path must be
assessed in assigning the appropriate USA.

5. A high degree of regular performance monitoring, reviews, and ongoing involvement by the
designer is essential to check that design intent is being satisfied, to confirm design assumptions,
and to identify any design changes that may be required.
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6. Conventional upstream dams cannot be considered for areas of moderate to high seismicity.
Improved upstream construction, involving a combination of compaction of the outer shell and
good internal drainage, can be used in such areas. .

7. The design must be consistent in terms of design requirements (e.g. minimum beach width)
versus operational requirements (e.g. pond size required for clarification, storm storage and
freeboard). The geotechnical design of upstream tailings dams cannot be carried out in ignorance
of operating constraints.

8. Seepage conditions within the dam must be well-defined, requiring a good understanding of
pore pressure profiles and hydraulic gradients. The distinction between pore pressure measured
at a given point, and saturation level, must be well understood and correctly applied in stability
analyses, especially in instances where there is strong downward drainage.

The following sections of this paper are focused primarily on illustration and support of Rule 4
above. Rule 4 merits particular attention for the following reasons:

1. It becomes critical when Rule No. 1 is violated, as is frequently the case for upstream
tailings dams;

2. A great many upstream tailings have been, and continue to be, designed and/or evaluated
based on limit equilibrium slope stability analyses assuming only ESA parameters;

3. ESA analysis for upstream dams in many instances is based on fundamentally incorrect
assumptions regarding pore pressures prior to and during shear failure, and can result in large
overestimates of the factor of safety; and

4, USA analysis should be applied for staged construction, and upstream tailings represent a
classic case of staged-construction.

Tailings deposited in upstream impoundments, and particularly tailings slimes, are generally
loose to very loose, contractant during shear, and strain-softening (brittle). Exceptions occur
where the outer shell of an upstream dam is compacted (e.g. Martin and Tissington, 1996), or
where desiccation in arid climates leads to overconsolidated and unsaturated conditions within the
tailings beach (Blight, 1988). Both of these exceptions are cases where the tailings are dilatant
during shear (and/or unsaturated), and therefore the undrained strength is higher than the drained
strength (negative pore pressures generated during undrained shear). For contractant tailings, the
_opposite is true, and the question then becomes whether shear will occur under drained (no shear- -
induced increase in pore pressure) or undrained (shearing induces increased pore pressure)
conditions.

3 APPROPRIATE STRENGTH MODEL: USA VERSUS ESA
3.1 Definitions of strength characterization

ESA, following Ladd (1991) and Carrier (1991) is defined as limit equilibrium analysis that
assumes effective stresses during shear are unchanged from those that existed immediately prior
to the onset of shear. That is to say, measured insitu pore pressures describe the conditions at
failure. In other words, ESA explicitly assumes that shear occurs slowly enough, and/or the
material being sheared is sufficiently free-draining, that there are no shear-induced pore pressures.
An ESA method of analysis is either correct if one is sure that no positive pore pressures are
generated on shearing, or is conservative if it is known that shearing is dilatant. On the other hand
if one did an ESA analysis using a method to predict the pore pressure response during shearing
[ie., at the moment of failure] then a correct answer would be obtained. What can be
fundamentally wrong about ESA analysis is using existing as measured pore pressures in a dam to
represent the conditions at failure. This simple fact is unfortunately not understood by many
geotechnical engineers.

USA is an analytically economical way of accounting for the pore pressures generated by
undrained shearing. USA is defined in this paper as limit equilibrium analysis that assumes shear
occurs under undrained conditions. This type of analysis therefore accounts for positive shear-
induced pore pressures during shear of contractant materials, and negative pore pressures in the
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case of dilatant materials. A convenient way to describe the USA strength is the undrained
strength ratio (c/p’). The effective stress p’ denotes the operative effective stress [or
consolidation stress] that exists in a soil element at the moment that failure begins.

3.2 Behavior of non-dilatant or contractant material during shear

Traditional soil mechanics has and continues to develop strength models for two basic classes of
materials, clays and sands. Many typical mill tailings streams produce relatively unique artificial
materials that tend to be bounded by these more traditional models. However as the guidance
offered by this rich literature database often seems to be ignored by tailings dam designers it is
useful to briefly review some fundamental aspects of it.

The term USA-D is introduced, (D designates ductile) to denote in a simple way the response
of normally consolidated clays during shearing. During shear excess pore pressures are generated
but with straining the available strength does not fall off or reduce. Key references are for
example the work of Ladd (1991) and Wroth (1984). This literature makes several key points:

1. The USA-D strength of normally consolidated clays as a first estimate is in the range of
co/p’ = 0.20 to 0.25.

2. The USA-D strength is dependent on stress path. For example see Mesri (1989) who
indicates that for triaxial extension (TE) the ¢/p’ can be from 50% to 70% of the triaxial
compression (TC) strength and the strength in direct simple shear (DSS) is intermediate between

these limits.

3. The USA-D is dependent on the method used to measure undrained strength. Different
results are obtained by different methods (Wroth, 1984).

These issues are well known in geotechnical practice, the lesson being that the determination of
USA-D strength is not straightforward. Specification of pore pressure response at failure in an
ESA type approach is even less straightforward, as demonstrated by Carrier (1991).

The term USA-SS is used here to designate the SS or steady state of loose sands [also called

the residual strength.] Following Casagrande (1975), Poulos (1988) and as discussed more
recently by McRoberts and Sladen (1992) loose sand can exhibit an undrained strength response
at high strain, and a response that is highly brittle. The strength of clean loose sands at high strain
or at steady state can also be expressed in a normalized manner, see for example Wride et. al.
(1998). These authors follow others in normalizing the back-calculated strength of several case
records in which the residual or steady state strength can be obtained. The normalized strength
from these case records is as low as 0.01 and ranges up to about 0.20.
A recent series of USA-SS laboratory test on loose clean sands has been reported by Yoshimine
et.al. (1998) for TC, TE, and DSS modes. This work following on earlier studies by others
indicates that at the relatively low strains measurable in the laboratory that - and entirely similar to
USA-D behavior for clays - the mode of shear has a strong influence on the magnitude of the
normalized c,/p’.

3.3 Collapse Surface Approach

The collapse surface approach presented by Sladen et al. (1985), as an extension of critical state
theory, provides a useful framework to illustrate the authors’ contention that USA analysis is
mandatory for upstream tailings dams where contractant materials are involved. The concept is
particularly useful in this application because it ties together undrained behavior in shear, the need
for triggering of undrained behavior, and the brittle, flowsliding nature so often associated with
tailings dam failures.

The concept of a collapse surface is illustrated in Figure 2a, which shows that for a given void
ratio (density), there is a unique condition of stress state at which collapse of the sand structure
takes place and undrained failure (liquefaction) is initiated. This unique state of stress is termed
the collapse surface, and it exists below the drained failure envelope for contractant tailings.
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Figure 2a illustrates that stress states lying on or above the collapse surface are highly unstable, as
liquefaction can be triggered by even minor disturbance. Stress states below the collapse surface
line are stable. :
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Figure 2. Collapse surface framework for comparison of USA and ESA approaches.

The collapse surface occurs in three-dimensional void ratio-shear stress-mean normal stress
space. Figure 2b shows the effect of increasing density (decreasing void ratio) on the collapse
surface, as projected onto two-dimensional shear stress - mean normal stress space. Also shown
is a drained-loading stress path. Although point 2 lies above the collapse surface that corresponds
to point 1, the fact that loading has taken placed under drained conditions, in concert with
consolidation to a lower void ratio, has resulted in a shift upwards in the collapse surface line.
Therefore, as long as undrained behavior is not triggered during the loading, a stable stress state
can exist above the original collapse surface line, but only because the position of the collapse
surface line has been shifted upwards during slow, drained loading,

Figure 2c presents stress paths for contractant and dilatant materials inherent to both USA and
ESA limit equilibrium analysis. For a contractant material, USA assumes failure at point 2, with
the mean normal effective stress at failure reduced from that at point 1 because of positive pore
pressures generated during shear. USA also indicates a post-peak reduction in shear strength to
point 3, which corresponds to the residual, or steady state strength. Stress path 1-4 represents
that which corresponds to a conventional ESA, which by definition assumes slow shearing with
complete dissipation of any shear-induced pore pressures during failure. Therefore, ESA assumes
the mean normal effective stress at failure (point 4) to be the same as that at the initiation of
shearing (point 1). It also assumes that failure occurs slowly. Figure 4c shows the shear stress at
failure (and therefore the factor of safety) for ESA to be about twice that for USA, a typlcal
result (Ladd, 1991) when comparing the two methods of analysis.

T.E. Martin, E.C. McRoberts: Some considerations in the stability analysis 6



Assuming the material to be dilatant, then for undrained shear (assumed by USA), negative
pore pressures developed by shearing would result in mean normal effective stress at failure (point
5) higher than that at the initiation of shear (point 1). Under fully drained shear assumed by ESA,
failure would occur at point 4. Therefore, USA predicts a higher shear stress at failure (and
therefore a higher factor of safety) than ESA for dilatant materials. In this case, ESA represents
the more critical (and proper) method of analysis.

The differences between the stress paths assumed in the two types of analyses for contractant
versus dilatant materials represent an important point. Advocates of ESA for upstream tailings
dams, irrespective of whether saturated zones are contractant or dilatant, ignore completely the
physical behavior of the materials under shear, surely one of the most important principles in soil
mechanics. Furthermore, there is an inherent contradiction in accounting for contractant response
when analyzing the seismic safety of upstream tailings dams, but failing to do so for static loading
conditions. Finally, since ESA is the type of analysis applied for compacted embankments, it
seems counterintuitive to blindly apply this type of analysis to uncompacted, loose tailings.

Figure 2d shows a case whereby loading from a point below (point 6) to above (point 7) the
collapse surface occurs without failure, because undrained shear was not triggered during the
loading. A stress state can therefore exist in the unstable zone, which in this case would be better
referred to as the metastable zone, where spontaneous collapse (static liquefaction) can occur
with even slight disturbance. USA for this circumstance would yield a factor of safety of less
than 1 (failure at a shear stress corresponding to point 7A), and interpreted literally would suggest
that such a stress state could not exist. Therefore, USA carried out in isolation as a standard limit

. equilibrium analysis ignores the need for some disturbance to trigger undrained behavior. Note
again that ESA for such a metastable state ignores completely the potential for collapse of the soil
structure, and gives a completely misleading impression as to the safety of the dam.

3.4 Evidence Of USA Response In Upstream Tailings Deposits

In a previous section we have reviewed the soil mechanics background and shown that for the
typical range of soft normally consolidated clay soils to loose sands that a USA type strength °
response is often encountered. What then is the evidence from tailings deposits?

Probably the first reference on the normalized strength of copper tailings slimes is from Castro
and Troncoso (1988) as summarized in Table 1.

Table 1. Data from Castro and Troncoso (1988)

Dam Undrained Peak Undrained Steady Comments
Strength Ratio State Ratio
USA-D USA-SS
Cerro Negro CN4 0.27 007 Slimes, slightly plastic clayey
silt PI of 5-20%
Veta deAgua VAl 0.21 0.11 Slimes, clayey silt.
El Cobre EC4 0.29 0.08 Slimes, no details.

Note: Tests at steady state done with rapid undrained vane tests.
This testing indicates both the USA-D type response as well as the substantially lower steady

state or USA-SS mode.
A summary of other case records is given in Table 2.
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Table 2. Summary of USA Response in Tailings

Case Ratio ¢,/p’ Reference
Aluminum red mud (residual or SS) 0.025 Poulos et. al. (1985)
Lead — Zinc non-plastic slimes 0.2t0 0.22 Vick (1990)
Copper tailings slimes , PI = 6% 0.26t0 0.33 Bromwell (1984)
Copper tailings slimes, PI=10+/-3% 0.275 Ladd (1991)
Copper tailings slimes N, 4 of from 1 to 5 >0.20 Vidic et. al. (1995)
South African slimes 025 CPT Blight (1997)

0.17 t0 0.4 Vane

Writing on possible mechanisms for the runout of tailings derived mudflows, Blight (1997)
presents conflicting information on tailings strength from Metrriespruit which clearly demonstrates
the USA vs ESA issue. The author states that:

“Tailings consist of sand and silt sized patticles of milled rock. The tailings referred to in this

paper contain hardly any clay-size particles and, when sheared, behave as frictional,

cohesionless materials with angles of shearing resistance in the range of 29-35".”

Data from laboratory undrained dynamic shear tests report dilatant behavior, and Blight (1997)
concludes that the low shear strengths that occurred in the field cannot be explained by postulating
a form of undrained shear mobility of the tailings. However the author also presents the results of
in situ vane and CPT tests (see Table 3 of Blight, 1997). The cone tip resistances are interpreted
by Blight (1997) to give a shear strength gradient of about 2 kPa/m in the interior of the
impoundment i.e., slimes or fine tailings. For an effective vertical stress gradient of about 8.0
kPa/m the USA-D ratio is therefore about 0.25. It is reasonable to think that these CPT probes
are essentially undrained. The author also presents the results of vane testirig. The vane peak
tests, which are likely drained give a high strength/vertical effective stress ratio of 0.75 or more
indicating dilatant response for drained shear. Remoulded vanes probably undrained give c,/p’ of
0.17 in the upper 15 m and about 0.40 in the lower 15-30 m of the deposit. It is not known if the
laboratory tests were on undisturbed or remoulded samples. Experience indicates that obtaining
either undisturbed samples of loose tailings or re-creating the in situ fabric by laboratory
techniques is difficult. The field evidence in the form of vane and CPT probes clearly indicates
undrained response, as does the flowslide nature of the failure itself. More exotic explanations of
the failure hardly seem necessary

The authors had occasion to investigate the recent failure of a tailings dam in South America
designed in the early 1990’s by an internationally known company experienced in tailings dam
design. This dam was designed solely with an ESA framework. After the failure which was due
to undrained loading and resulting shear failure a major site investigation was including SPT and
CPT testing was undertaken by the designer. Durmg this investigation slimes were encountered
and described by the designer as follows:

“Fine tailings (slimes) that induce porewater pressure response during cone penetration are

interpreted by this classification as clayey silts to clay. This interpretation may be correct in

interpreting predominant particle sizes, but suggests a degree of plasticity which is not present
in non-plastic rock flour”

The designers went on to analyze the structure using an ESA approach and determined that it
was safe, notwithstanding the recent failure, to raise the structure as the investigation had
determined that the design parameters were consistent with the original design. Analysis of the
CPT data using the same procedures as Vidic et. al. (1995) by the authors indicated in situ ¢,/p’
values of about 0.20. The use of this magnitude of strength readily explained the failure which
occurred during a construction lift of the dam. In the authors’ opinion this case record offers a
classic example of the ESA versus USA issue and the absolute fallacy of assuming that “non
plastic rock flour” can only have a so-called drained strength. In this particular case the designers
recognized that the cone testing in slimes induced a pore pressure response but chose to
rationalize the fact away by the “rock flour” model. The dam was condemned.
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3.5 Discussion

Ladd (1991) discusses the differences between ESA and USA for staged construction, and
argues convincingly that USA is the correct approach, because when failure of an upstream
tailings dam does occur, it will be under rapid, undrained. conditions if the tailings are contractant
under shear, as is so often the case. Carrier (1991), in a paper that should be required reading for
any engineer involved with upstream tailings dams, extends Ladd’s argument specifically to the
case of upstream tailings dams, for which he too convincingly advocates use of USA analysis.
Carrier (1991) also pointed out the fallacy of justifying the assumption of drained shear in tailings
on a high ¢, value (i.e. assuming a relatively free-draining material would necessarily undergo
shear under fully drained conditions). Comparing an upstream tailings dam to a stress-controlled
triaxial test, Carrier pointed out that, once the peak deviator stress is reached, the strain rate to the
steady state (residual) strength for an undrained, contractant sand can be about 170% per second
(Been and Jefferies, 1985). At such a strain rate, even a highly free-draining material would
undergo shear under undrained conditions.

For upstream dams composed of loose, contractant tailings, failure will therefore typically occur
very rapidly and under undrained conditions, and this is borne out by the fact that upstream tailings
dam failures so often take the form of massive flowslides. Unfortunately, such field behavior is
often not duplicated in laboratory testing, where, out of testing convenience and equipment
limitations, testing is carried out under strain-controlled rather than stress-controlled conditions.

Casagrande (1975) pointed out that rapid (i.e. undrained) collapse deformation is an important

_behavior related to flow liquefaction in the field that cannot be observed in strain-controlled tests in
the laboratory. Zhang and Garga (1997), describing the results of triaxial tests on loose sands
carried out under stress-controlled conditions with a rapid data collecting system, suggested that
laboratory equipment limitations and procedures may inhibit collapse deformation behavior,
supporting Casagrande’s view. This work suggests some caution in the adoption of USA-SS
strength characterization from laboratory testing, and especially of the strain-controlled variety.

The advocacy of USA for upstream tailings dams presented in this paper is therefore a well
known approach, best supported by Carrier’s (1991) back analysis of the well known Tyrone

failure case history. The Tyrone failure provided a classic example of the misconceptions as to °

tailings strength. This seems to have its origin in the old soil mechanics precepts that sands were
frictional and clays cohesive. The misconception is that if one has non-plastic rock flour such
material is obviously frictional and an ESA analysis applies. The flawed corollary is that if slimes
are not cohesive, then a USA is not required - irrespective of whether or not the slimes are
contractant in shear, and potentially liquefiable. Given these misconceptions, it is not surprising
that tailings dam failures continue to occur. These lessons, shorn of theoretical aspects, were well
understood many years ago by the likes of Casagrande and Maclver (1970), Smith (1972), and
Lenhart (1950), and yet still have not entirely permeated the practice of tailings dam design and
analysis. '

4 REQUIREMENT FOR TRIGGERING OF UNDRAINED SHEAR

ESA analysis typically overestimates the factor of safety by a factor of two relative to USA
analysis. This in turn would suggest that a great many upstream tailings dams have USA factors
of safety of less than one (since they are rarely designed using ESA to a factor of safety of 2 or
more), and should have failed (based on limit equilibrium analysis), but have not. This in turn
suggests that in many cases an undrained trigger has been absent.

The discussion above for Figure 2d addresses this apparent contradiction, Vick (1992), in a
discussion of Ladd’s Terzaghi lecture (Ladd, 1991) also addressed it, pointing out that for
upstream dams constructed as shown on Figure 1a, which satisfy Rule No. 1 above, ESA had
served well. Vick (1992) also discussed how the breakout of seepage on the dam slope could lead
to rapid, undrained progressive failure even of relatively coarse (free-draining) but loose
(contractant) sands. In this case, the seepage breakout triggered undrained shearing in a
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contractant material, even though drained conditions existed immediately prior to failure and the
material was free-draining, a result consistent with the studies by Eckersley (1990). This
reinforces the notion that some trigger is required to initiate undrained shear failure in upstream
tailings dams.

For upstream tailings dams, unfortunately, potential triggers of undrained failure are numerous,
and include those listed in Table 3.

Table 3. Triggering mechanisms for undrained failures of upstream tailings dams.
Mechanism Trigger

Oversteepening at toe due to: Erosion (intense storm runoff, pipeline break causing washout)
localized, initially drained sloughing
construction activities (excavation)

Overloading due to: rapid rate of impoundment raising
steepening at crest
construction activities at crest

Changes in pore pressures due to: seepage breakout on face of dam
deterioration in performance of underdrainage measures
inhibited volumetric creep \
concentrated tailings discharge from one location for extended
period
leakage/rupture of low level outlet
accelerated rate of construction
foundation and/or embankment movement
intense rainstorms
increased pond levels

Triggering collapse surface by Consider an element of soil below the collapse surface with a low

reduction in mean effective stress shear stress and high mean effective stress due to low or absent

(see Figure 3) phreatic surface. Saturating the slope reduces mean effective
stress, but leaves shear stress constant. The reducing mean
stress results in contact with the collapse surface and
liquefaction is triggered.

Overtopping due to: severe storm runoff
failure of diversion dams/ditches
blockage and failure of spillways/decants
seismic deformation and loss of freeboard

Acceleration/vibrations due to: Earthquakes
construction traffic

Blasting

It is noteworthy that earthquakes represent perhaps the only of the above triggers for which
analytical methods account for, and are indeed based on, the distinction between contractant
versus dilatant material in shear.

Ladd (1991) observed that failure for contractant materials will occur under undrained
conditions even if drained conditions prevailed immediately prior to the failure, an assertion
supported by work by Eckersley (1990), in his modelling of flowslides. The most elegant
demonstration of this, and the role of Sladen’s collapse surface and drained triggering mechanisms
can be found in a series of tests reported by Sasitharan et. al. (1993). Figure 3 reports on one of
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these tests. In this Figure the state boundary or collapse surface for a clean Ottawa sand is given
at a void ratio of 0.809. In the lab a new sample of sand at a void ratio of 0.804 and at a stress
state represented by a deviator stress of 100 kPa and mean consolidation stress of 300 kPa was
prepared. This sample exists well below the state boundary surface and any minor excursions of
shear stress or reduced or increased mean effective stress would result in a stable response to
loading. However by appropriate manipulation of the loading conditions and back pressures, the
mean effective stress on the sample was reduced but the deviator stress was kept constant. As
the mean stress was reduced in a series of drained increments, the collapse surface was reached.
At this time the void ratio had increased to 0.809, the collapse surface was reached and an
undrained collapse of the sample was triggered. As shown on Figure 3 the deviator stress that

could be supported by the sample reduced to about 20 kPa. The USA-SS strength for this sample
is therefore about 20/300 or 0.067.

M [
40 Collapse
k e = (809 e
— ‘ eyl o ¢ = 0804
& P Siate boundary ) 0 ’(
B0 b @=0809) Al s ki brasti Ay
s o | Ly b oph bbprd Ry
g o - % | Nttt State
g N !
;‘g w F Constant deviator stress
) : drained stress path
S ™ :
m N
i |
40 _ Final mobilized strength.alier collapse
ﬂ! wl [P 2 s ) ‘_s L 1 ! 4 . ek l e
o 10 ) 300 400

Figure 3. State boundary defined by void ratio 0/809 and constant deviator (q=100kPa) drained stress path.
After Sasitharan et al (1993).

Consider then an element of soil in the relatively loose shell of a tailings dam. Assume a low
phreatic surface and a resulting stress state below the collapse surface. This stress state has
reasonable high shear stress and high mean effective stress due to low or absent phreatic surface.
Assume further that the slope saturates due to heavy rainfall, lateral migration of the phreatic
surface due to dam raising or some combination of these or other events. Saturating the slope
reduces mean effective stress, but leaves shear stress constant. If the reducing mean stress
results in contact with the collapse surface liquefaction is triggered. Right up to the initiation of

collapse the soil elements have been drained. This is an example of drained loading triggering an
undrained collapse.
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5 RECOMMENDED APPROACH

The authors therefore strongly concur with Carriet’s (1991) assertion that upstream dams should
be assessed based on both USA and ESA analysis. However, in recognition of the metastable
nature of upstream tailings dams, the USA analysis results must be interpreted in the context of
the potential triggers of undrained shear listed in Table 1, rather than a limit equilibrium factor of
safety in isolation. Unless considerable effort is expended in the design process and due
consideration is given to all fajlure modes it is considered appropriate to assume that if a soil can
liquefy it will.

Given that many of these triggers represent operational rather than geotechnical factors, it
follows that it is essential that operational aspects (e.g. rate of raising) be integrated into any
stability assessment and design of an upstream tailings dam. Furthermore, the margin of stability
against shear failure of upstream tailings dams is better expressed jointly in terms of both the
probability of undrained behavior being triggered, and a limit-equilibrium factor of safety.

The authors consider that, for a great many upstream tailings dams, especially those where the
dam slope is underlain by slimes (i.e. violates Rule No. 1), ESA analysis has given the right
answer (i.e. a stable dam), but for the wrong reasons. That is an undrained mechanism never
existed. The fact that such dams have remained stable cannot be considered an endorsement of
universal application of ESA analysis. Fortunate happenstance is no substitute for good design
and analytical practice. Only where Rule No. 1 is satisfied, and the dam configuration is as shown
on Figure 1a, can reliance solely on ESA be justified. Continued reliance on such an approach for
upstream dams that violate Rule No. 1 ignores the fundamentals underlying triggering and pore
pressure response during undrained shear in contractant materials, and is likely to lead to future
failures of upstream tailings dams.

5.1 Estimation of Drained Shear Strength Parameters for Analysis

For assessments of the stability of a number of upstream tailings dams at base metal mines in
which the authors were recently involved, little or no data was available with which to estimate the -
drained and undrained strength parameters for the tailings dams assessed. There is abundant case
history experience to draw upon in terms of drained strength parameters. Effective friction angle
(9”) values typically range between 25° and 35° for base metal tailings, with the lower portion of
this range applying for silt/clay tailings slimes, and the upper portion applying for coarser tailings
deposited on beaches. Table 2.8 of Vick (1990) gives a summary of typical values of ¢’ for
various types of tailings.

5.2 Estimates of Undrained Shear Strength Parameters

The brief review presented earlier for normally consolidated clays and loose sands indicate two
forms of USA behavior: ductile and brittle or steady state / residual modes. We have also
reviewed a series of references where many examples of undrained strength ratios (c./p’)
reported in the literature, where a range of 0.2 to 0.3 appears to cover most of the cases for
tailings at least for USA-D type response. This suggests that many tailings have an USA
response very similar to normally consolidated clays.

However the test data presented by Castro and Troncoso (1988) introduces the considerable
caution that a USA-SS response may also be present. Much of the data available and discussed
above is based on insitu interpretations of CPT response.

What we have called USA-SS mode or strength response has been discussed in detail by
Poulos (1988) who recommends an approach more conservative that the USA approach (which is
based on peak undrained shear strength). For the USA-SS mode design analyses are carried out
based on the steady state, or residual, undrained strength. This approach assumes that the worst
case scenario (straining of the contractant tailings sufficient to cause undrained collapse of the soil
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structure) governs design, reducing shear strength from peak (USA analysis, point 2 on Figure 2c)
to residual (Poulos method, point 3 on Figure 2c) levels. Carrier (1991) supports consideration of
this approach. He emphasizes that it is necessary to consider the stress-strain characteristics of
the tailings, with brittle, cohesionless tailings (strain to peak about 1% typically) more relevant and
critical for a Poulos type analysis that clayey, ductile, cohesive slimes (strain to peak much larger
than 1%).

The authors advocate that, for upstream dams, the Poulos approach should also be considered
for both loose sands and well as slimes. This forces the stress-strain characteristics of the
materials forming the dam to be considered in the analysis. The steady state approach is widely
applied in analyzing the seismic stability of upstream tailings dams. Given that seismic loading is
but one of many potential mechanisms of undrained loading (McRoberts and Sladen, 1992), it is
inconsistent that the steady state approach not be at least considered under static loading
conditions. Application of the method is not without its problems, particularly with respect to
determination of the appropriate steady state strength, which has been the subject of much
research and debate within the geotechnical profession for many years. Considering the
difficulties of predicting the appropriate USA strength is however a step in the right direction;
assuming the designer has at least abandoned a sole reliance on the ESA mode.

5.3 Pore pressure conditions for stability analyses

Use of both ESA and USA requires an estimation of the effective consolidation stresses at any
given time, which in turn require a good understanding of the pore pressure conditions (hydrostatic
versus downward drainage, normally consolidated versus excess pore pressures) within the dam.
Pore pressure conditions within upstream tailings dams are very often complex, misunderstood,
and improperly incorporated into stability analysis. Misinterpretation of piezometer data can easily
occur if adequate piezometer coverage does not exist. Vick (1990) suggests that, for rates of
impoundment rise of between 15 and 30 fi/year, excess pore pressures are usually assumed to
dissipate as rapidly as the load is applied, and therefore a normally consolidated state (i.e. zero
excess pore pressure) can be assumed. Mittal and Morgenstern (1976) also suggested this range
as being sufficient to generate excess pore pressures in slimes.

The authors caution that these experience-based criteria on rate of rise can be safely applied
only in cases with good underdrainage (permeable foundation relative to the tailings slimes),
relatively smaller embankments (35 m in height or less) with relatively short drainage paths, and
slimes free of significant clay content and plasticity. For example, the authors are aware of one
large upstream dam in which very high excess pore pressures exist in the clayey slimes despite a
rate of rise of only about 7 ft/year. Another example that emphasizes the need for caution is the
Tyrone tailings dam, which failed under undrained conditions at a construction rate of 12 to 15
ft/year.

5.4 Recommended approach

To summarize, the authors provide the following general recommendations for any static stability
analysis of an existing upstream tailings dam:

1. Determine whether or not the dam slope is comprised of materials that are contractant or
dilatant under shear. Characterize pore pressure conditions within the dam, to properly determine
effective stresses. If the materials are dilatant and/or fully drained (unsaturated), then only a ESA
is required.

2. If the dam slope is fully or partially composed of contractant materials, then both ESA and
USA should be carried out. The factor of safety from the USA will better represent the margin
of safety of the dam. Considerable care must be exercised in the selection of the appropriate
USA strength mode. Careful attention must be given to whether or not a USA-D or USA-SS
mode might be triggered.
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3. Review the operational and design factors necessary to assess the probability of undrained
shear being triggered by the various mechanisms listed in Table 1. The probability of these
mechanisms should be considered jointly with the USA factor of safety in evaluating the safety of
the dam. Unless one is very sure that undrained triggers absolutely do not exist, it is considered
prudent to assume the worst.

4, Evaluate the stress-strain behavior of the tailings comprising the dam. If the tailings are both
contractant and brittle (low strain to peak strength, and significant post-peak reduction in strength),
then a Poulos (steady state strength or USA-SS mode) analysis should be carried out.

The results of this analysis should be considered jointly with the assessed probabilities of
undrained shear triggering mechanisms,

6 EXAMPLE RESULTS OF STABILITY ANALYSES

A dam configuration typical of several of those recently reviewed by the authors is shown on
Figure 4. This dam was designed in the early 1990’s and includes a compacted starter dam with
drainage and filter zones as shown. The dam is being raised about 25 m above the starter dam
crest, at a slope of 3H:1V, using spigotted tailings produced from a flotation circuit (base metals
mine). The design specified that a minimum 30 m wide beach be maintained at all times.
Fortunately, the operators were able to maintain somewhat wider beaches than this in all but one
of the cases.

NEASURER FUREATIC SURFACE- FONG Bow FROW GREST

STANDFIRE. PROMETENS
R

Figure 4. Typical design section of upstream dams reviewed.,

The designer’s stability analyses were of the ESA type, and assigned both the sand shell and
the slimes an effective friction angle of 30°. Therefore, by assuming the same shear strength for
both zones, the only effect of the beach width in terms of the design analyses was on the assumed
location of the phreatic surface. The designer’s analysis also assumed hydrostatic pore pressure
conditions.

The stability analysis geometry and results obtained by the authors are illustrated graphically on
Figures 5 and 6, for the design minimum beach width of 30 m. They clearly show that ESA
provides an acceptable factor of safety to dam heights of up to 30 m (above the starter dam
crest), while USA-D analysis indicates inadequate factors of safety. The USA analysis results
shown on Figure 6 may well be slightly unconservative because they assume ESA can be applied
for the outer sand shell. However, this material may also be contractant in shear, so undrained
strengths could be more appropriate in the saturated portions of this zone. The analyses also do
not account for the stress path dependence of USA-D strength discussed in Section 3.2.
Moreover, depending on the ability of the tailings to absorb a degree of straining a lower USA-SS
strength may be appropriate
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Figure 6. Results of preliminary stability analyses.

7 CONCLUSIONS

Upstream tailings dams are complex structures for which shear strength and pore pressure
conditions are difficult to predict in advance. It is essential that stability analyses of these
structures be predicated on a thorough understanding of the behavior of the tailings under shear,
and an understanding of the likelihood of potential triggering mechanisms of undrained failure.
Stability analysis of upstream tailings dams should be carried out using both drained strength
analysis and undrained strength analysis. In some cases it may also be necessary to consider
steady state strength analysis. This approach forces the designer to come to grips with the issue
of contractant versus dilatant behavior in shear, and with the stress-strain characteristics of the
material, two of the most fundamental precepts of soil mechanics that are ignored at the
geotechnical engineer’s peril.
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Elevation (ft)

Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1

Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi: 37 ©  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf =~ Cohesion": 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf  Cohesion': 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1

Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion": 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf = Cohesion': 1,750 psf ~ Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion": 1,250 psf  Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 625 psf ~ Piezometric Line: 1

Title: Callahan Mine OUS - Fill-Atop-Slimes Name: Clay - 475  Model: Undrained (Phi=0) ~ Unit Weight: 119 pcf ~ Cohesion': 475 psf  Piezometric Line: 1
D - 10/28/2014 Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion": 375 psf  Piezometric Line: 1
ate: Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
File Name: 00 Ta]”ngs Profile E2 FiIIing Working Surface.gsz Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion": 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1

Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1
Name: gM—CIay -1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,000 psf =~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
. . . Name: Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)  Piezometric Line: 1

Name: Case Ob - Worklng—Sun‘ace - EqU|p Name: Clay - 525 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion": 525 psf  Piezometric Line: 1

Method: Spencer Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion": 675 psf  Piezometric Line: 1
Name: Clay - 925  Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1
Name: Clay - 1225  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf ~ Cohesion': 1,225 psf  Piezometric Line: 1
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf  Piezometric Line:
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 575 psf  Piezometric Line:
Name: Clay - 725 ~ Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf  Piezometric Line:
Name: Clay - 700  Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf ~ Cohesion': 700 psf ~ Piezometric Line:
Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf ~ Piezometric Line:
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion": 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 3,000 psf ~ Piezometric Line: 1
Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf = Cohesion': 975 psf  Piezometric Line: 1
Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion": 0 psf ~ Phi': 40 °  Piezometric Line: 1
Name: slimes No 1 C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes No 3 C/P = 0.19 =f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes No 2 C/P = 0.35 : S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes No 4 C/P =0.30  Model: S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - 285  Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 285 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 720  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 720 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 150  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 150 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 540  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 540 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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Elevation (ft)

Title: Callahan Mine OU3 - Fill-Atop-Slimes

Date: 10/28/2014
File Name: 00_Tailings_Profile E2_Filling_Working Surface.gsz

Name: Case Obb - Working-Surface - Equip - Toe berm

Method: Spencer

Name: Waste Rock
Name: Tailings - Sands
Name: Tailings - Mixed
Name: Fill - Rock/Sand/Fines Mix
Name: SM-Clay/Org. - 375
Name: SM-Clay/Org. - 750
Name: Clay - 2750
Name: Clay - 1750
Name: Clay - 1250
Name: Clay - 625
Name: Clay - 475
Name: Clay - 375
Name: Bedrock
Name: Reworked Clay/Till - Su
Name: Clay - 1075
Name: SM-Clay - 1000
Name: Glacial Till - Impenetrable
Name: Clay - 525
Name: Clay - 675
Name: Clay - 925
Name: Clay - 1225
Name: Clay - 825
Name: Clay - 575
Name: Clay - 725
Name: Clay - 700
Name: Clay - 425
Name: SM-Clay - 1250
Name: Clay - 3000
Name: Clay - 975
Name: Aggregate - 40
Name: slimes No 1 C/P = 0.28

Model: Mohr-Coulomb

Model: Undrained
Model: Undrained
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Undrai
Model: Undrained (Phi=0)

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Mohr-Coulomb

Name: Slimes No 3 C/P = 0.19 =f(ov
Name: Slimes No 2 C/P = 0.35 =f(ov
Name: Slimes No 4 C/P =0.30  Model: S=f(ov

Name: Slimes - 285
Name: Slimes - 720
Name: Slimes - 150
Name: Slimes - 540

Model: Undrained

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

Model: Bedrock (Impenetrable)

Model: Undrained (Phi=0)
Model: Bedrock (Impenetrable)

Model: Undrained (Phi=0)
Model: S=f(overburden)
|

(Phi=0;
Model: Undrained (Phi=0,
Model: Undrained (Phi=0
Model: Undrained (Phi=0

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 117 pcf

(Phi=0)
(Phi=0)
Unit Weight: 125 pcf
Unit Weight: 123 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 119 pcf
Unit Weight: 118 pcf
Piezometric Line: 1
ned (Phi=0)
Unit Weight: 122 pcf

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 121 pcf
Unit Weight: 118 pcf

Unit Weight: 125 pcf
Unit Weight: 121 pcf
Unit Weight: 100 pcf

Unit Weight:
erburden)  Unit Weight:
erburden)  Unit Weight:
erburden)  Unit Weight:

) Unit Weight: 114 pcf
) Unit Weight: 114 pcf
) Unit Weight: 114 pcf
) Unit Weight: 114 pcf

Cohesion': 0 psf

Unit Weight: 130 pcf
Unit Weight: 105 pcf
Unit Weight: 125 pcf

Unit Weight: 125 pcf
Unit Weight: 120 pcf

Unit Weight: 120 pcf

Phi': 42 °
Cohesion: 0 psf ~ Phi': 37 °
Cohesion": 0 psf  Phi': 36 °
Cohesion': 25 psf
Cohesion': 375 psf
Cohesion': 750 psf
Cohesion": 2,750 psf ~ Piezometric Line: 1
Cohesion": 1,750 psf ~ Piezometric Line: 1
Cohesion": 1,250 psf  Piezometric Line: 1
Cohesion": 625 psf  Piezometric Line: 1
Cohesion": 475 psf ~ Piezometric Line: 1
Cohesion": 375 psf ~ Piezometric Line: 1

Phi': 36 °

Cohesion': 2,000 psf
Cohesion": 1,075 psf ~ Piezometric Line: 1
Cohesion': 1,000 psf

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line:
Piezometric Line:
Piezometric Line:

Cohesion': 525 psf
Cohesion': 675 psf
Cohesion': 925 psf
Cohesion': 1,225 psf
Cohesion': 825 psf
Cohesion': 575 psf
Cohesion': 725 psf
Cohesion": 700 psf ~ Piezometric Line:
Cohesion": 425 psf ~ Piezometric Line:
Cohesion': 1,250 psf
Cohesion": 3,000 psf  Piezometric Line: 1
Cohesion": 975 psf  Piezometric Line: 1
Cohesion": 0 psf  Phi':40 °  Piezometric Line: 1

114 pcf  Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf
114 pcf  Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf
114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf
114 pcf  Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf

Cohesion': 285 psf
Cohesion': 720 psf
Cohesion': 150 psf
Cohesion': 540 psf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf

Constant Unit Wt. Above Water Table: 95 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 120 pcf
Constant Unit Wt. Above Water Table: 85 pcf

Constant Unit Wt. Above Water Table: 105 pcf

Constant Unit Wt. Above Water Table: 105 pcf

Constant Unit Wt. Above Water Table: 105 pcf

Constant Unit Wt. Above Water Table: 120 pcf

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Minimum Strength: 0
Minimum Strength: 0
Minimum Strength: 0
Minimum Strength: 0
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
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Elevation (ft)

Title: Callahan Mine OU3 - Fill-Atop-Slimes

Date: 10/28/2014

File Name: 01_Tailings_Profile E2_Filling_First-3-Lifts.gsz

Name: Case 01a -1-Lift - No-Strength-Gain

Method: Spencer

Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion: 0 psf ~ Phi': 42 ° Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1

Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion: 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Tailings - Mixed  Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion": 0 psf ~ Phi': 36 © Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf ~ Cohesion': 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf  Piezometric Line: 1
SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1

SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf ~ Piezometric Line: 1

Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf = Cohesion': 1,750 psf ~ Piezometric Line: 1

Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf  Piezometric Line: 1

Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 625 psf ~ Piezometric Line: 1

Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf ~ Piezometric Line: 1

Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf ~ Piezometric Line: 1

Bedrock  Model: Bedrock (Impenetrable)  Piezometric Line: 1

Reworked Clay/Till - Su  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion": 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1

Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1

SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion’: 0 psf ~ Phi': 38 © Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Line: 1
Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)  Piezometric Line: 1

Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf ~ Piezometric Line: 1

Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 675 psf ~ Piezometric Line: 1

Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1

Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,225 psf  Piezometric Line: 1

Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf ~ Piezometric Line:
Clay - 575  Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion': 575 psf ~ Piezometric Line:
Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf ~ Piezometric Line:
Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf ~ Piezometric Line:
Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf ~ Piezometric Line:
SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion": 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf ~ Piezometric Line: 1

Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf ~ Piezometric Line: 1

Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion': 0 psf ~ Phi': 40 °  Piezometric Line: 1

limes - 285  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 285 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
limes - 720  Model: Undrained (Phi=0)  Unit Weight: 114 pcf i Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Slimes - 150  Model: Undrained (Phi=0)  Unit Weight: 114 pcf Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Slimes - 540  Model: Undrained (Phi=0)  Unit Weight: 114 pcf Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:

( )

( )

( )

Slimes - 100  Model: Undrained (Phi=0; Unit Weight: 114 pcf Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Slimes - 195  Model: Undrained (Phi=! Unit Weight: 114 pcf Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Slimes - 400  Model: Undrained (Phi=! Unit Weight: 114 pcf ~ Cohesion’: 400 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
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Distance (ft)

slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
limes - C/P =0.35 Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1

Elevation (ft)



Elevation (ft)

Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi': 42 °©  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion: 0 psf ~ Phi: 37 °  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Tailings - Mixed  Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion’: 0 psf ~ Phi': 36 °© Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf ~ Cohesion': 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion": 750 psf =~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,750 psf ~ Piezometric Line: 1
Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion": 1,750 psf ~ Piezometric Line: 1
Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion": 1,250 psf  Piezometric Line: 1
Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 625 psf ~ Piezometric Line: 1
. . . . Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion": 475 psf  Piezometric Line: 1
Title: Callahan Mine OUS - Fill-Atop-Slimes Name: Clay - 375  Model: Undrained (Phi=0) ~ Unit Weight: 118 pcf ~ Cohesion’: 375 psf  Piezometric Line: 1
Date: 10/28/2014 Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
. Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion": 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
File Name: 01_Tai|ings_ProfiIe E2_Fi||ing_First—S-Lifts.gsz Name: Clay - 1075  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1 ) o
Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion: 0 psf ~ Phi': 38 °  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Line: 1
. EEE _Cai Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
Name: Case 01b -1-Lift Strength Gain Name: Clay - 525 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 525 psf  Piezometric Line: 1
Method: Spencer Name: Clay - 675  Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion": 675 psf ~ Piezometric Line: 1
Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion: 925 psf ~ Piezometric Line: 1
Name: Clay - 1225 ~ Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion": 1,225 psf ~ Piezometric Line: 1
Name: Clay - 825 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 825 psf  Piezometric Line: 1
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 575 psf  Piezometric Line: 1
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf ~ Piezometric Line: 1
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf ~ Piezometric Line: 1
Name: Clay - 425 ~ Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion": 425 psf  Piezometric Line: 1
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion": 3,000 psf ~ Piezometric Line: 1
Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion: 975 psf  Piezometric Line: 1
Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion": 0 psf  Phi': 40 °©  Piezometric Line: 1
Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.19  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.30  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - 215 Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 215 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 350  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 350 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 620  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 620 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 800  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 800 psf  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi': 37 °©  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf  Cohesion': 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 2,750 psf ~ Piezometric Line: 1
Name: Clay - 1750  Model: Undrained (Phi=0) Unit Weight: 123 pcf  Cohesion': 1,750 psf  Piezometric Line: 1
Name: Clay - 1250 Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,250 psf  Piezometric Line: 1
Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf  Piezometric Line: 1
I':llame: gay - 475 MOge:: Hngraineg §Eni=0g Hnit Weignt: 119 pcg 8onesion': 475 psg Eiezometric tine: 1
N . . . ame: Clay - 375 odel: Undraine i=0 nit Weight: 118 pc ohesion': 375 ps iezometric Line: 1
Title: Callahan Mine OU3 - F'”'AtOP-Sllmes Name: Bedrock  Model: Bedrock (Impenetrable) Piezometric Line: 1
Date: 10/28/2014 Name: Reworked Clay/Till - Su Model: Undrained (Phi=0) Unit Weight: 125 pcf  Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
o . . - . . Name: Clay - 1075 Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf ~ Cohesion': 1,075 psf  Piezometric Line: 1
File Name: 01_Tailings_Profile E2_Filling_First-3-Lifts.gsz Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
- - - - Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion': 0 psf  Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric
Name: 8||a0ial5£gl - In’:/?e;eltrablg Ncljog%l]: B(;a)drocla (Imvﬁylenert]ra?lzeg fPiecz;or;]wetric Liggy . b L ;
. O] ift - - ~ H ame: Clay - odel: Undraine i=l nit Weight: pc ohesion": ps iezometric Line:
Name: Case 02a -2-Lift - No Strength Gain Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 675 psf  Piezometric Line: 1
Method: Spencer Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion": 925 psf ~ Piezometric Line: 1
Name: Clay - 1225 Model: Undrained (Phi=0) Unit Weight: 122 pcf ~ Cohesion': 1,225 psf  Piezometric Line: 1
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 825 psf  Piezometric Line: 1
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 575 psf ~ Piezometric Line: 1
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf  Piezometric Line: 1
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf ~ Piezometric Line: 1
Name: Clay - 425  Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf =~ Piezometric Line: 1
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf  Piezometric Line: 1
Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1
Name: Aggregate - 40  Model: Mohr-Coulomb ~ Unit Weight: 100 pcf ~ Cohesion': 0 psf  Phi': 40 °  Piezometric Line: 1
Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf  Minimum Strength: 0 Piezomet
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezome
Name: Slimes - 215 Model: Undrained (Phi=0)  Unit Weight: 114 pcf = Cohesion': 215 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 350  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 350 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 620  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 620 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 800  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 800 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 145 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 145 psf  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 240  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 240 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 470  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 470 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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Title: Callahan Mine OUS - Fill-Atop-Slimes

Date: 10/28/2014
File Name: 01_Tailings_Profile E2_Filling_First-3-Lifts.gsz

Name: Case 02b -2-Lift - Strength-Gain
Method: Spencer

120 —
100 —

FofS:1.6

SB-1116/SCPT-28
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Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

Bg— SB-1124

Waste Rock
Tailings - Sands
Tailings - Mixed

Clay - 2750
Clay - 1750
Clay - 1250
Clay - 625
Clay - 475
Clay - 375
Bedrock

Clay - 1075
SM-Clay - 1000

Clay - 525
Clay - 675
Clay - 925
Clay - 1225
Clay - 825
Clay - 575
Clay - 725
Clay - 700
Clay
SM-Clay - 1250
Clay - 3000
Clay - 975
Aggregate - 40
slimes - C/P =0

Slimes - 280
Slimes - 415
Slimes - 700
Slimes - 880

SCPT-10/SB-1120

<4— SCPT-16/16A

.28
Slimes - C/P = 0.19
Slimes - C/P = 0.35
Slimes - C/P = 0.30
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Undrained (Phi=0)  Unit Weight: 114 pcf
Model: Undrained (Phi=0)

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

Model: Mohr-Coulomb

Model: Undrained (Phi=0)

Model: Undrained (Phi=0)

Fill - Rock/Sand/Fines Mix
SM-Clay/Org. - 375
SM-Clay/Org. - 750
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Bedrock (Impenetrable)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Mohr-Coulomb
Model: Bedrock (Impenetrable)
Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 121 pcf
Unit Weight: 118 pcf
Unit Weight: 120 pcf
Unit Weight: 125 pcf
Unit Weight: 121 pcf
Unit Weight: 100 pcf
Unit Weight: 114 pcf
Unit Weight: 114 pcf
Unit Weight: 114 pcf
Unit Weight: 114 pcf
Unit Weight: 114 pcf
Unit Weight: 114 pcf

Reworked Clay/Till - Su

Waste Rock/Dewatered Tailings Mix
Glacial Till - Impenetrable
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
-425  Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Mohr-Coulomb
Model: S=f(overburden)

S=f(overburden)
=f(overburden)

Model: S=f(overburden)

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 117 pcf
Unit Weight: 130 pcf

Unit Weight: 105 pcf

Unit Weight: 125 pcf

Unit Weight: 125 pcf
Unit Weight: 123 pcf
Unit Weight: 122 pcf

Unit Weight: 120 pcf

Unit Weight: 119 pcf

Unit Weight: 118 pcf
Piezometric Line: 1

Unit Weight: 125 pcf

Cohesion': 1,075 psf

Cohesion': 1,000 psf

Cohesion': 0 psf

Unit Weight: 122 pcf
Unit Weight: 120 pcf

Unit Weight: 114 pcf

Cohesion': 0 psf
Cohesion': 0 psf
Cohesion': 0 psf

Cohesion': 625 psf
Cohesion': 475 psf
Cohesion': 375 psf

Unit Weight: 125 pcf

Piezometric Line: 1

Cohesion': 525 psf
Cohesion': 675 psf
Cohesion': 925 psf

Cohesion': 1,225 psf

Cohesion': 825 psf
Cohesion': 575 psf
Cohesion': 725 psf
Cohesion': 700 psf
Cohesion': 425 psf

Cohesion': 975 psf

Cohesion': 0 psf
Tau/Sigma Ratio: 0.28
Tau/Sigma Ratio: 0.19
Tau/Sigma Ratio: 0.35
Tau/Sigma Ratio: 0.3

Cohesion': 280 psf
Cohesion': 415 psf
Cohesion': 700 psf
Cohesion': 880 psf

Phi": 42 °
Phi': 37 ©
Phi': 36 °
Cohesion": 25 psf
Cohesion': 375 psf
Cohesion': 750 psf
Cohesion': 2,750 psf
Cohesion': 1,750 psf
Cohesion': 1,250 psf

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Constant Unit Wt. Above Water Table: 105 pcf
Piezometric Line: 1
Piezometric Line: 1
Phi': 40 °

Cohesion': 1,250 psf
Cohesion': 3,000 psf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf

Constant Unit Wt. Above Water Table: 95 pcf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 120 pcf

Phi': 36 ©
Constant Unit Wt. Above Water Table: 85 pcf
Constant Unit Wt. Above Water Table: 105 pcf

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Cohesion': 2,000 psf

Piezometric Line: 1

Phi': 38 ©

Constant Unit Wt. Above Water Table: 120 pcf
Piezometric Line: 1
Constant Unit Wt. Above Water Table: 105 pcf
Constant Unit Wt. Above Water Table: 115 pcf

Constant Unit Wt. Above Water Table: 110 pcf

Constant Unit Wt. Above Water Table: 110 pcf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Minimum Strength: 0

Minimum Strength: 0
Minimum Strength: 0

Minimum Strength: 0
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 °  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf  Cohesion": 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf  Cohesion': 1,750 psf ~ Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf ~ Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf  Piezometric Line: 1

Name: Clay - 475  Model: Undrained (Phi=0) Unit Weight: 119 pcf  Cohesion': 475 psf  Piezometric Line: 1

Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf  Piezometric Line: 1

Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Bedrock  Model: Bedrock (Impenetrable)  Piezometric Line: 1

Date: 10/28/2014 Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
N - . . . . Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1

File Name: 01_Tailings_Profile E2_Filling_First-3-Lifts.gsz Name: SM-Clay - 1000 Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion': 0 psf  Phi': 38 °©  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric L
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

. 3. ift - - _Gaj Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf ~ Piezometric Line: 1
Name: Case 03a -3-Lift - No Strength Gain Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 675 psf ~ Piezometric Line: 1
Method: Spencer Name: Clay - 925 Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1

Name: Clay - 1225 Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,225 psf  Piezometric Line: 1
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf  Piezometric Line: 1
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 575 psf ~ Piezometric Line: 1
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf ~ Piezometric Line: 1
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf =~ Piezometric Line: 1
Name: Clay - 425  Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf  Piezometric Line: 1
Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1
Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf  Phi': 40 ° Piezometric Line: 1
Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometr
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0  Piezomet
Name: Slimes - 285  Model: Undrained (Phi=0)  Unit Weight: 114 pcf = Cohesion': 285 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 540 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 540 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 280 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 280 psf ~ Constant Unit Wt. Above Water Table: 110 pcf =~ Piezometric Line:
Name: Slimes - 415 Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 415 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 700  Model: Undrained gPhi:O; Unit Weight: 114 pcf  Cohesion': 700 psf ~ Constant Unit Wt. Above Water Table: 110 pcf =~ Piezometric Line:
( )

Name: Slimes - 880  Model: Undrained (Phi=0 Unit Weight: 114 pcf  Cohesion': 880 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 190  Model: Undrained (Phi=0 Unit Weight: 114 pcf  Cohesion': 190 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi: 37 °  Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ©° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb  Unit Weight: 130 pcf  Cohesion': 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0) Unit Weight: 125 pcf  Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0) Unit Weight: 123 pcf  Cohesion': 1,750 psf  Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf ~ Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf  Piezometric Line: 1

Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion': 475 psf  Piezometric Line: 1

Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf ~ Piezometric Line: 1
Date: 10/28/2014 Name: Bedrock ~ Model: Bedrock (Impenetrable) Piezometric Line: 1

y Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
File Name: 01 Tailings Profile E2 Filling First—S—Lifts.gsz Name: Clay - 1075  Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1

Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf =~ Cohesion': 0 psf ~ Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric |

. Al _Cai Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
Name: Case 03b -3-Lift Strength Gain Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf ~ Piezometric Line: 1
Method: Spencer Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf ~ Piezometric Line: 1

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1
Name: Clay - 1225 ~ Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,225 psf  Piezometric Line: 1
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 825 psf  Piezometric Line: 1
Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf ~ Piezometric Line: 1
Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf ~ Piezometric Line: 1
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf =~ Piezometric Line: 1
Name: Clay - 425  Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf  Piezometric Line: 1

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf  Phi': 40 ° Piezometric Line: 1

Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf  Minimum Strength: 0 Piezomet
Name: Slimes - C/P =0.19  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0  Piezomet
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~Minimum Strength: 0  Piezomet
Name: Slimes - C/P =0.30  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometri
Name: Slimes - 345 Model: Undrained (Phi=0) Unit Weight: 114 pcf ~ Cohesion': 345 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 480 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 480 psf ~ Constant Unit Wt. Above Water Table: 110 pcf =~ Piezometric Line:
Name: Slimes - 780  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 780 psf ~ Constant Unit Wt. Above Water Table: 110 pcf =~ Piezometric Line:
Name: Slimes - 960  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 960 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
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Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion": 0 psf ~ Phi: 37 ©  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Tailings - Mixed  Model: Mohr-Coulomb  Unit Weight: 117 pcf ~ Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf ~ Cohesion": 25 psf  Phi': 36 °  Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf ~ Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion": 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion': 1,750 psf ~ Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf ~ Cohesion': 1,250 psf  Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion': 625 psf ~ Piezometric Line: 1

Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf ~ Cohesion': 475 psf  Piezometric Line: 1

Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf ~ Cohesion": 375 psf  Piezometric Line: 1

Title: Callahan Mine OUS - Fill-Atop-Slimes Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

Date: 10/28/2014 Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
. Name: Clay - 1075  Model: Undrained (Phi=0) ~ Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1

File Name: 02 Ta]|]ngs Profile E2 F]||]ng Subsequent—Lifts.gsz Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 125 pcf ~ Cohesion": 0 psf ~ Phi: 38 °  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Line: 1
Name: glacial Till - Impenetrable  Model: Bedrock (Impenetrable) Pie(z:ometric Line: 1
. ALl i _ _Cai 5 Name: Clay - 525 ~ Model: Undrained (Phi=0)  Unit Weight: 120 pcf ohesion': 525 psf  Piezometric Line: 1

Name: Case 04a -4-Lift - No-Strength-Gain_No-Toe Name: Clay - 675  Model- Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 675 psf  Piezometric Line: 1

Method: Spencer Name: Clay - 925  Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf  Cohesion": 925 psf ~ Piezometric Line: 1
Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf ~ Cohesion": 1,225 psf ~ Piezometric Line: 1
Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 825 psf ~ Piezometric Line: 1
Name: Clay - 575  Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion': 575 psf ~ Piezometric Line: 1
Name: Clay - 725  Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf ~ Cohesion': 725 psf ~ Piezometric Line: 1
Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 700 psf  Piezometric Line: 1
Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1
Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 3,000 psf ~ Piezometric Line: 1
Name: Clay - 975  Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf ~ Cohesion": 975 psf  Piezometric Line: 1
Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf ~ Cohesion’: 0 psf  Phi': 40 °©  Piezometric Line: 1
Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - 345  Model: Undrained (Phi=0) Unit Weight: 114 pcf ~ Cohesion': 345 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 480  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 480 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 780  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 780 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 960  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 960 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 235  Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 235 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 330  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 330 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
Name: Slimes - 610  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 610 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line:
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Title: Callahan Mine OU3 - Fill-Atop-Slimes

Date: 10/28/2014
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz

Name: Case 04b -4-Lift - Strength-Gain_No-Toe
Method: Spencer

Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

Waste Rock
Tailings - Sands
Tailings - Mixed

Clay - 2750
Clay - 1750
Clay - 1250
Clay - 625
Clay - 475
Clay - 375
Bedrock

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

Fill - Rock/Sand/Fines Mix

SM-Clay/Org. - 375

SM-Clay/Org. - 750

Reworked Clay/Till - Su

Model: Mohr-Coulomb
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Bedrock (Impenetrable)
Model: Undrained (Phi=0)
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Model: Mohr-Coulomb

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 117 pcf
Unit Weight: 130 pcf

Unit Weight: 105 pcf

Unit Weight: 125 pcf

Unit Weight: 125 pcf
Unit Weight: 123 pcf
Unit Weight: 122 pcf

Unit Weight: 120 pcf

Unit Weight: 119 pcf

Unit Weight: 118 pcf
Piezometric Line: 1

Unit Weight: 125 pcf

Cohesion': 1,075 psf

Cohesion': 1,000 psf

Unit Weight: 125 pcf

Piezometric Line: 1

Cohesion': 525 psf

Cohesion': 675 psf

Cohesion': 925 psf

Cohesion': 1,225 psf

Cohesion': 825 psf

Cohesion': 575 psf

Cohesion': 725 psf

Cohesion': 700 psf

Cohesion': 425 psf

Cohesion': 1,250 psf

Cohesion': 3,000 psf

Cohesion': 975 psf

Cohesion': 0 psf

Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
it Weight: 120 pcf
1121 pcf
Unit Weight: 121 pcf
Unit Weight: 118 pcf
Unit Weight: 120 pcf
Unit Weight: 125 pcf
Unit Weight: 121 pcf
Unit Weight: 100 pcf

Clay - 1075  Model: Undrained (Phi=0)

SM-Clay - 1000  Model: Undrained (Phi=0)

Waste Rock/Dewatered Tailings Mix

Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)
Clay - 525  Model: Undrained (Phi=0)

Clay - 675  Model: Undrained (Phi=0)

Clay -925  Model: Undrained (Phi=0)

Clay - 1225  Model: Undrained (Phi=0)

Clay - 825  Model: Undrained (Phi=0)

Clay - 575  Model: Undrained (Phi=0)  Unit Weig
Clay - 725  Model: Undrained (Phi=0)  Unit Weig
Clay - 700  Model: Undrained (Phi=0)

Clay - 425  Model: Undrained (Phi=0)

SM-Clay - 1250  Model: Undrained (Phi=0)

Clay - 3000  Model: Undrained (Phi=0)

Clay - 975  Model: Undrained (Phi=0)

Aggregate - 40  Model: Mohr-Coulomb

Cohesion': 2,750 psf

Cohesion': 1,750 psf

Cohesion': 1,250 psf
Cohesion': 625 psf
Cohesion': 475 psf
Cohesion': 375 psf

Cohesion': 0 psf
Cohesion': 0 psf
Cohesion': 0 psf

Phi': 42 °
Phi': 37 ©
Phi': 36 ©
Cohesion': 25 psf

Cohesion': 375 psf
Cohesion': 750 psf

Cohesion': 0 psf

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Constant Unit Wt. Above Water Table: 105 pcf
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Phi": 40 °

Constant Unit Wt. Above Water Table: 95 pcf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 120 pcf

Phi': 36 °
Constant Unit Wt. Above Water Table: 85 pcf
Constant Unit Wt. Above Water Table: 105 pcf

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Cohesion': 2,000 psf
Piezometric Line: 1

Phi': 38 °

Constant Unit Wt. Above Water Table: 105 pcf
Constant Unit Wt. Above Water Table: 115 pcf

Constant Unit Wt. Above Water Table: 120 pcf

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Elevation (ft)

Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.19  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - C/P =0.30  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric Line: 1
Name: Slimes - 410 Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 410 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 545  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 545 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 860  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 860 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 1040  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 1,040 psf ~ Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1
Name: Tailings - Sands Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi: 37 °  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf  Cohesion": 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0) Unit Weight: 125 pcf  Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0) Unit Weight: 123 pcf  Cohesion': 1,750 psf  Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf  Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf  Piezometric Line: 1

Name: Clay - 475  Model: Undrained (Phi=0) Unit Weight: 119 pcf  Cohesion': 475 psf  Piezometric Line: 1

A ; + : Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf  Piezometric Line: 1
Title: Callahan Mine OU3 - F|II—Atop—SI|mes Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
. lame: Reworke ay/Till - Su lodel: Undraine i=0 nit Weight: 125 pcf ohesion': 2,000 ps onstant Unit Wt. Above Water Table: 120 pct iezometric Line: 1
ate: 10/28/2014 N gl ked Cl /'\'AI"II(“SUdedI(’thd )' dU(Ph'W)hU'Wf'hCh f  Coh 'f % f E Unit Wt. Above W Tabl f P ic Li
. - . - . ame: Clay - 1075 odel: Undraine i=0 nit Weight: 122 pcf ohesion': 1,075 ps iezometric Line: 1
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz Name: SM-Clay - 1000 Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion’: 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf ~ Cohesion': 0 psf ~ Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Li
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

: -7-Lift - - -Gai - Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf ~ Piezometric Line: 1
Name: Case 07a -7-Lift - No Strength Gain_No-Toe Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 675 psf  Piezometric Line: 1
Method: Spencer Name: Clay - 925  Model: Undrained (Phi=0) Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1

Name: Clay - 1225 Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,225 psf  Piezometric Line: 1

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf  Piezometric Line: 1

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf ~ Piezometric Line: 1

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf ~ Piezometric Line: 1

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf =~ Piezometric Line: 1

Name: Clay - 425  Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf  Piezometric Line: 1

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf  Phi': 40 ° Piezometric Line: 1

Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometri
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometr
Name: Slimes - 540  Model: Undrained (Phi=0)  Unit Weight: 114 pcf = Cohesion': 540 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 675 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion": 675 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 1020 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 1,020 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 1200 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 1,200 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 370  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 370 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 465  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 465 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 820 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 820 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Elevation (ft)
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Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion': 0 psf ~ Phi': 42 °  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1

Name: Tailings - Sands Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 °  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion: 0 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1

Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf  Cohesion": 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1

Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf ~ Cohesion': 1,750 psf ~ Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf ~ Piezometric Line: 1

o ; : ; Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 625 psf  Piezometric Line: 1
Title: Callahan Mine OU3 - Fill-Atop-Slimes Name: Clay - 475  Model: Undrained (Phi=0) ~ Unit Weight: 119 pcf ~ Cohesion’- 475 psf  Piezometric Line: 1
Date: 10/28/2014 Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion": 375 psf ~ Piezometric Line: 1
. . . . . Name: Bedrock ~ Model: Bedrock (Impenetrable) Piezometric Line: 1
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz Name: Reworked Clay/Till - Su  Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1

Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1
Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf  Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Case 07b -7-Lift - Strength-Gain_No-Toe Name: Waste Rock/Dewatered Tailings Mix  Model: Mohr-Coulomb _ Unit Weight: 125 pcf ~ Cohesion: 0 psf ~ Phi': 38 ©  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Li
- Name: Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)  Piezometric Line: 1
Method: Spencer Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf ~ Piezometric Line: 1

Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 675 psf  Piezometric Line: 1

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf  Piezometric Line: 1

Name: Clay - 1225 Model: Undrained (Phi=0) Unit Weight: 122 pcf  Cohesion': 1,225 psf  Piezometric Line: 1

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf  Piezometric Line: 1

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf  Piezometric Line: 1

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf ~ Piezometric Line: 1

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf =~ Piezometric Line: 1

Name: Clay - 425  Model: Undrained (Phi=0) Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 3,000 psf  Piezometric Line: 1

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf  Phi': 40 ° Piezometric Line: 1

Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf  Minimum Strength: 0 Piezometri
Name: Slimes - C/P =0.19  Model: S=f(overburden)  Unit Weight: 114 pcf =~ Tau/Sigma Ratio: 0.19  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometri
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometri
Name: Slimes - C/P =0.30  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.3  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric
: Slimes - 605  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion": 605 psf =~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

: Slimes - 740 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 740 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 1100  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 1,100 psf =~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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Elevation (ft)

Name: Waste Rock ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf ~ Phi': 42 °©  Constant Unit Wt. Above Water Table: 95 pcf  Piezometric Line: 1
Name: Tailings - Sands ~ Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion: 0 psf ~ Phi': 37 ©  Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Tailings - Mixed Model: Mohr-Coulomb Unit Weight: 117 pcf  Cohesion": 0 psf ~ Phi': 36 ° Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1
Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf  Cohesion': 25 psf  Phi': 36 °©  Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf  Piezometric Line: 1
Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0) Unit Weight: 125 pcf  Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 2,750 psf ~ Piezometric Line: 1

Name: Clay - 17750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf  Cohesion': 1,750 psf ~ Piezometric Line: 1

Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion": 1,250 psf  Piezometric Line: 1

Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 625 psf  Piezometric Line: 1

Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion': 475 psf ~ Piezometric Line: 1

L . " . Name: Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 375 psf =~ Piezometric Line: 1

Title: Callahan Mine OUS - F|||-Atop-S||mes Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

Date: 10/28/2014 Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf = Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
: . . . . Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion": 1,075 psf ~ Piezometric Line: 1

File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz Name: SM-Clay - 1000  Model: Undrained (Phi=0) ~ Unit Weight: 120 pcf ~ Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf  Piezometric Line: 1

Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion': 0 psf ~ Phi': 38 °  Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Lir
Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

. -10-Li - - -Gaj Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 525 psf ~ Piezometric Line: 1
Name: Case 10a -10-Lift Cap No Strength Gain Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 675 psf  Piezometric Line: 1
Method: Spencer Name: Clay - 925 Model: Undrained (Phi=0) ~ Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1

Name: Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,225 psf  Piezometric Line: 1

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 825 psf  Piezometric Line: 1

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 575 psf ~ Piezometric Line: 1

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf ~ Cohesion': 725 psf ~ Piezometric Line: 1

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf ~ Piezometric Line: 1

Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf =~ Cohesion': 0 psf ~ Phi': 41 °  Piezometric Line: 1

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 3,000 psf  Piezometric Line: 1

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion': 0 psf  Phi': 40 ° Piezometric Line: 1

Name: slimes - C/P =0.28  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.28  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric
Name: Slimes - C/P =0.35  Model: S=f(overburden)  Unit Weight: 114 pcf = Tau/Sigma Ratio: 0.35  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometri
Name: Slimes - 735 Model: Undrained (Phi=0) Unit Weight: 114 pcf ~ Cohesion': 735 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 870 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 870 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 1260 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 1,260 psf  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 505  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 505 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 600  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion': 600 psf  Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Slimes - 1030  Model: Undrained (Phi=0)  Unit Weight: 114 pcf ~ Cohesion': 1,030 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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Title: Callahan Mine OU3 - Fill-Atop-Slimes

Date: 10/28/2014
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz

Name: Case 10b -10-Lift Cap - Strength-Gain

Method: Spencer
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FofS:1.7
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me— SB-1124
<— SB-1119

: Waste Rock

: Tailings - Sands
: Tailings - Mixed
: Fill - Rock/Sand/Fines Mix
: SM-Clay/Org. - 375
: SM-Clay/Org. - 750

: Clay - 2750
: Clay - 1750
: Clay - 1250
: Clay - 625
: Clay - 475
: Clay - 375

: Bedrock

Model: Mohr-Coulomb
Model: Mohr-Coulomb
Model: Mohr-Coulomb

: Reworked Clay/Till - Su
: Clay - 1075

: SM-Clay - 1000
: Waste Rock/Dewatered Tailings Mix
: Glacial Till - Impenetrable

: Clay - 525
: Clay - 675
: Clay - 925
:Clay - 1225
: Clay - 825
: Clay - 575
: Clay - 725
: Clay - 700
: Clay - 425

: SM-Clay - 1250
: Aggregate - 41

: Clay - 3000
: Clay - 975

: Aggregate - 40
:slimes - C/P = 0.28
: Slimes - C/P =0.19
: Slimes - C/P = 0.35
: Slimes - C/P = 0.30

: Slimes - 800
: Slimes - 935

: Slimes -

<4— SCPT-16/16A

1340

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Mohr-Coulomb
Model: Bedrock (Impenetrable)
Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf

Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 120 pcf
Unit Weight: 121 pcf
Unit Weight: 121 pcf
Unit Weight: 118 pcf
Unit Weight: 120 pcf  Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Cohesion: 0 psf ~ Phi': 41 °©  Piezometric Line: 1

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0
Model: Undrained ( 0
Model: Undrained (Phi=0
Model: Undrained ( 0
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Mohr-Coulomb
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Mohr-Coulomb
Model: S=f(overburden)
Model: S=f(overburden)
Model: S=f(overburden)
Model: S=f(overburden)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Mohr-Coulomb

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)

Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Undrained (Phi=0)
Model: Bedrock (Impenetrable)

Unit Weight: 105 pcf  Cohesion': 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf
Unit Weight: 125 pcf ~ Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Unit Weight: 125 pcf
Unit Weight: 123 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf
Unit Weight: 119 pcf
Unit Weight: 118 pcf
Piezometric Line: 1

Model: Undrained (Phi=0)

Phi=

Phi=

!El!ﬂliﬁl!li:::i'a."
CEELSRLETD

Unit Weight: 120 pcf

Cohesion: 0 psf  Phi': 42 °©  Constant Unit Wt. Above Water Table: 95 pcf
Unit Weight: 120 pcf  Cohesion': 0 psf  Phi': 37 °©  Constant Unit Wt. Above Water Table: 110 pcf
Unit Weight: 117 pcf  Cohesion': 0 psf ~ Phi': 36 °  Constant Unit Wt. Above Water Table: 110 pcf

Unit Weight: 130 pcf ~ Cohesion': 25 psf  Phi": 36 °

Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf
Unit Weight: 122 pcf
Unit Weight: 120 pcf  Cohesion': 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf

Unit Weight: 125 pcf ~ Cohesion': 0 psf ~ Phi': 38 °
Piezometric Line: 1

Unit Weight: 100 pcf

Unit Weight: 125 pcf
Unit Weight: 121 pcf

Unit Weight: 100 pcf

Cohesion': 2,750 psf ~ Piezometric Line: 1

Cohesion': 1,750 psf ~ Piezometric Line: 1

Cohesion': 1,250 psf  Piezometric Line: 1
Cohesion': 625 psf ~ Piezometric Line: 1
Cohesion': 475 psf  Piezometric Line: 1
Cohesion': 375 psf ~ Piezometric Line: 1

Cohesion'": 1,075 psf ~ Piezometric Line: 1

Cohesion': 525 psf ~ Piezometric Line: 1
Cohesion': 675 psf ~ Piezometric Line: 1
Cohesion': 925 psf ~ Piezometric Line: 1
Cohesion': 1,225 psf  Piezometric Line: 1
Cohesion': 825 psf ~ Piezometric Line:
Cohesion': 575 psf ~ Piezometric Line:
Cohesion': 725 psf ~ Piezometric Line:
Cohesion': 700 psf ~ Piezometric Line:
Cohesion': 425 psf  Piezometric Line:

Cohesion': 3,000 psf ~ Piezometric Line: 1
Cohesion': 975 psf  Piezometric Line: 1

Cohesion: 0 psf  Phi': 40 © Piezometric Line: 1
Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.28
Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.19
Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.35
Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.3
Unit Weight: 114 pcf ~ Cohesion': 800 psf ~ Constant Unit Wt. Above Water Table: 110 pcf
Unit Weight: 114 pcf ~ Cohesion': 935 psf ~ Constant Unit Wt. Above Water Table: 110 pcf
Unit Weight: 114 pcf  Cohesion': 1,340 psf  Constant Unit Wt. Above Water Table: 110 pcf

RC-1145

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Constant Unit Wt. Above Water Table: 120 pcf

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Constant Unit Wt. Above Water Table: 115 pcf

Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf
Constant Unit Wt. Above Water Table: 110 pcf

Piezometric Line: 1

Piezometric Line: 1

Piezometric Lir

Minimum Strength: 0
Minimum Strength: 0
Minimum Strength: 0

Minimum Strength: 0
Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1
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Title: Callahan Mine OU3 - Fill-Atop-Slimes

Date: 10/28/2014
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz

Name: Case 11a - Capped - 0.20 C/P - No-Strength-Gain

Method: Spencer
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100

-100

FofS:1.3

SB-1116/SCPT-28

Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:
Name:

Be— SB-1124

Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb
SM-Clay/Org. - 375  Model: Undrained (Phi=0)
SM-Clay/Org. - 750  Model: Undrained (Phi=0)

Clay-1750  Model: Undrained (Phi=

Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)

Clay - 825  Model: Undrained (Phi=f

0
Clay - 575  Model: Undrained (Phi=0

Clay - 700  Model: Undrained (Phi=0

<4— SCPT-16/16A
-4— SCPT-10/SB-1120

Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf
Tailings - Sands ~ Model: Mohr-Coulomb  Unit Weight: 120 pcf ~ Cohesion': 0 psf
Tailings - Mixed ~ Model: Mohr-Coulomb  Unit Weight: 117 pcf

Slimes - 620  Model: Undrained (Phi=0)  Unit Weight: 114 pcf
slimes - C/P =0.20  Model: S=f(overburden)  Unit Weight: 114 pcf ~ Tau/Sigma Ratio: 0.2  Constant Unit Wt. Above Water Table: 110 pcf
Slimes - 525  Model: Undrained (Phi=0)  Unit Weight: 114 pcf

Cohesion": 0 psf  Phi: 42 °©  Constant Unit Wt. Above Water Table: 95 pcf
Phi': 37 © Constant Unit Wt. Above Water Table: 110 pcf

Cohesion'": 0 psf Phi:36 ° Constant Unit Wt. Above Water Table: 110 pcf
Unit Weight: 130 pcf ~ Cohesion': 25 psf ~ Phi': 36 °

Cohesion": 2,750 psf ~ Piezometric Line: 1

Cohesion': 1,750 psf ~ Piezometric Line: 1

Cohesion": 1,250 psf ~ Piezometric Line: 1
Cohesion": 625 psf  Piezometric Line: 1
Cohesion': 475 psf ~ Piezometric Line: 1
Cohesion": 375 psf ~ Piezometric Line: 1

Cohesion": 1,075 psf ~ Piezometric Line: 1

Unit Weight: 125 pcf ~ Cohesion": 0 psf ~ Phi': 38 °
Piezometric Line: 1

Cohesion": 525 psf  Piezometric Line: 1
Cohesion": 675 psf ~ Piezometric Line: 1
Cohesion': 925 psf ~ Piezometric Line: 1
Cohesion": 1,225 psf  Piezometric Line: 1
Cohesion": 825 psf  Piezometric Line:
Cohesion": 575 psf  Piezometric Line: 1
Cohesion": 725 psf ~ Piezometric Line: 1
Cohesion': 700 psf ~ Piezometric Line: 1
Cohesion': 425 psf ~ Piezometric Line: 1

Cohesion': 0 psf ~ Phi': 41 °  Piezometric Line: 1

Cohesion': 3,000 psf  Piezometric Line: 1
Cohesion": 975 psf  Piezometric Line: 1

Cohesion": 0 psf  Phi': 40 °©  Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1
Piezometric Line: 1

Constant Unit Wt. Above Water Table: 120 pcf

Unit Weight: 105 pcf ~ Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf
Unit Weight: 125 pcf ~ Cohesion': 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf
0)  Unit Weight: 123 pcf
Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf
Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf
Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf
Clay - 375  Model: Undrained (Phi=0)  Unit Weight: 118 pcf
Bedrock  Model: Bedrock (Impenetrable)  Piezometric Line: 1
Unit Weight: 125 pcf ~ Cohesion’: 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf
Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf
SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion": 1,000 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb
Glacial Till - Impenetrable  Model: Bedrock (Impenetrable)
Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf
Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf
Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf
Clay - 1225  Model: Undrained (Phi=0)  Unit Weight: 122 pcf
) Unit Weight: 120 pcf
( ) Unit Weight: 120 pcf
Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf
{ ) Unit Weight: 121 pcf
Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf
SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf ~ Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf
Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf
Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf
Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf
Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf
Slimes - 720 Model: Undrained (Phi=0)  Unit Weight: 114 pcf

Cohesion": 720 psf ~ Constant Unit Wt. Above Water Table: 110 pcf
Cohesion": 620 psf  Constant Unit Wt. Above Water Table: 110 pcf

Cohesion": 525 psf ~ Constant Unit Wt. Above Water Table: 110 pcf

RC-1145

Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1
Constant Unit Wt. Above Water Table: 115 pcf

Piezometric Line: 1

Piezometric Line: 1
Piezometric Line: 1

Piezometric Line: 1

Piezometric Line: 1

Minimum Strength: 0

Piezometric Line: 1
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Name: Waste Rock  Model: Mohr-Coulomb  Unit Weight: 120 pcf  Cohesion': 0 psf  Phi': 42 °©  Constant Unit Wt. Above Water Table: 95 pcf ~ Piezometric Line: 1

Name: Tailings - Sands Model: Mohr-Coulomb Unit Weight: 120 pcf  Cohesion": 0 psf ~ Phi': 37 °  Constant Unit Wt. Above Water Table: 110 pcf  Piezometric Line: 1

Name: Tailings - Mixed Model: Mohr-Coulomb ~ Unit Weight: 117 pcf  Cohesion': 0 psf ~ Phi': 36 © Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1

Name: Fill - Rock/Sand/Fines Mix ~ Model: Mohr-Coulomb ~ Unit Weight: 130 pcf  Cohesion": 25 psf  Phi': 36 ° Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1
Name: SM-Clay/Org. - 375  Model: Undrained (Phi=0)  Unit Weight: 105 pcf  Cohesion": 375 psf ~ Constant Unit Wt. Above Water Table: 85 pcf ~ Piezometric Line: 1

Name: SM-Clay/Org. - 750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion": 750 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1

Name: Clay - 2750  Model: Undrained (Phi=0)  Unit Weight: 125 pcf =~ Cohesion': 2,750 psf ~ Piezometric Line: 1

TR : + : Name: Clay - 1750  Model: Undrained (Phi=0)  Unit Weight: 123 pcf = Cohesion': 1,750 psf ~ Piezometric Line: 1
Title: Callahan Mine OU3 - F'”'AtOp'S“meS Name: Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 122 pcf =~ Cohesion': 1,250 psf ~ Piezometric Line: 1
Date: 10/28/2014 Name: Clay - 625  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 625 psf  Piezometric Line: 1

. - . e . Name: Clay - 475  Model: Undrained (Phi=0)  Unit Weight: 119 pcf  Cohesion': 475 psf ~ Piezometric Line: 1
File Name: 02_Tailings_Profile E2_Filling_Subsequent-Lifts.gsz Name: Clay - 375  Model: Undrained (Phi=0) ~ Unit Weight: 118 pcf ~ Cohesion': 375 psf  Piezometric Line: 1

Name: Bedrock ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1
Name: Reworked Clay/Till - Su ~ Model: Undrained (Phi=0)  Unit Weight: 125 pcf ~ Cohesion': 2,000 psf ~ Constant Unit Wt. Above Water Table: 120 pcf ~ Piezometric Line: 1

. - -0. - -Gaj Name: Clay - 1075  Model: Undrained (Phi=0)  Unit Weight: 122 pcf  Cohesion': 1,075 psf ~ Piezometric Line: 1
Name: Case 11b Capped 0.20C/P Strength Gain Name: SM-Clay - 1000  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,000 psf  Constant Unit Wt. Above Water Table: 105 pcf =~ Piezometric Line: 1
Method: Spencer Name: Waste Rock/Dewatered Tailings Mix ~ Model: Mohr-Coulomb  Unit Weight: 125 pcf  Cohesion': 0 psf ~ Phi': 38 © Constant Unit Wt. Above Water Table: 115 pcf ~ Piezometric Lir

Name: Glacial Till - Impenetrable ~ Model: Bedrock (Impenetrable)  Piezometric Line: 1

Name: Clay - 525  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 525 psf ~ Piezometric Line: 1

Name: Clay - 675  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 675 psf  Piezometric Line: 1

Name: Clay - 925  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 925 psf ~ Piezometric Line: 1

Name: Clay - 1225 ~ Model: Undrained (Phi=0)  Unit Weight: 122 pcf = Cohesion': 1,225 psf  Piezometric Line: 1

Name: Clay - 825  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 825 psf  Piezometric Line: 1

Name: Clay - 575  Model: Undrained (Phi=0)  Unit Weight: 120 pcf =~ Cohesion': 575 psf  Piezometric Line: 1

Name: Clay - 725  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 725 psf ~ Piezometric Line: 1

Name: Clay - 700  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 700 psf ~ Piezometric Line: 1

Name: Clay - 425  Model: Undrained (Phi=0)  Unit Weight: 118 pcf  Cohesion': 425 psf  Piezometric Line: 1

Name: SM-Clay - 1250  Model: Undrained (Phi=0)  Unit Weight: 120 pcf = Cohesion': 1,250 psf ~ Constant Unit Wt. Above Water Table: 105 pcf ~ Piezometric Line: 1
Name: Aggregate - 41 Model: Mohr-Coulomb  Unit Weight: 100 pcf =~ Cohesion": 0 psf ~ Phi': 41 °  Piezometric Line: 1

Name: Clay - 3000  Model: Undrained (Phi=0)  Unit Weight: 125 pcf  Cohesion': 3,000 psf  Piezometric Line: 1

Name: Clay - 975  Model: Undrained (Phi=0)  Unit Weight: 121 pcf  Cohesion': 975 psf  Piezometric Line: 1

Name: Aggregate - 40  Model: Mohr-Coulomb  Unit Weight: 100 pcf  Cohesion": 0 psf  Phi': 40 ° Piezometric Line: 1

Name: slimes - C/P =0.20  Model: S=f(overburden)  Unit Weight: 114 pcf  Tau/Sigma Ratio: 0.2  Constant Unit Wt. Above Water Table: 110 pcf ~ Minimum Strength: 0 Piezometric |
Name: Slimes - 570  Model: Undrained (Phi=0)  Unit Weight: 114 pcf = Cohesion': 570 psf ~ Constant Unit Wt. Above Water Table: 110 pcf =~ Piezometric Line: 1
Name: Slimes - 665  Model: Undrained (Phi=0)  Unit Weight: 114 pcf  Cohesion": 665 psf =~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
Name: Slimes - 765 Model: Undrained (Phi=0) Unit Weight: 114 pcf  Cohesion': 765 psf ~ Constant Unit Wt. Above Water Table: 110 pcf ~ Piezometric Line: 1
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