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1 INTRODUCTION

The purpose of this report is to present the geotechnical
analysis and design for the proposed major permit
amendment for the vertical and lateral expansion of the
City of Arlington Landfill. This report is based on the
geotechnical testing information that has previously
been compiled from the subsurface investigations at the
site for previous permit amendments.

This report contains a compilation of geotechnical testing and design information,
including:

e Presentation of the geotechnical (field and laboratory) and geological
information compiled during previous permit amendment applications and
incorporated into his amendment.

e Slope stability analyses based on the geotechnical testing results and
subsurface conditions, including groundwater, for landfill excavations,
landfill completion, overliner systems, and sequence of development (interim
condition analysis) plans; and

o Settlement and heave analyses, which are also based on the landfill
excavation and completion plans.

An independent settlement and strain analysis has been prepared for the West
Disposal Area (WDA) overliner system as included in Appendix IIIE-B-3. The
analysis includes evaluation of settlement and strain within the overliner system, as
well as evaluation of the leachate piping system incorporated into the overliner
system design. Analysis of the final cover system over the overliner area is
presented in Appendix IIIE-B-2.

This report also provides geotechnical recommendations for construction of the
landfill components, including bottom liner, overliner, and final cover systems with
geosynthetic materials. The construction quality control and material and
construction specifications for the groundwater protection components of the
landfill are provided in Appendix IIID - Liner Quality Control Plan (LQCP).
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2 LABORATORY TESTING

2.1 Introduction

Numerous geological investigations have been performed at the City of Arlington
Landfill for previous permitting efforts, and are discussed in further detail in
Appendix IIIG - Geology Report. The information used for the geotechnical studies
presented in this appendix were derived from the 2014 permit amendment
application prepared by Golder Associates (Golder), which incorporated geological
field and laboratory investigations performed by Golder in 2008/2009 and
2010/2011, as well as earlier studies as referenced in Appendix IIIG - Geology
Report. Discussion of the investigation findings is presented below.

Previous activities included the sampling and geotechnical testing of samples
obtained during the investigations. A brief description of the geological/
geotechnical characteristics for the strata identified at the site is presented in
Section 3 of this appendix. Additional geological and hydrogeological discussion is
provided in Appendix I1IG - Geology Report of this application.

Laboratory tests were conducted on select samples recovered from the borings
drilled to evaluate the physical and engineering properties of the different strata.
Laboratory tests were performed in general accordance with ASTM procedures.
Available laboratory testing results from the previous investigations are provided in
Appendix IIIE-C and on boring logs included in Appendix IIIG - Geology Report. A
summary of the laboratory tests performed is given in Table 2-1. The results of
laboratory testing are summarized in the material descriptions presented in Section
3 of this appendix.
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Table 2-1
Geotechnical Test Methods Performed

Sieve Analysis (Passing No. 200) ASTM D 1140
Atterberg Limits (Liquid & Plastic Limit) ASTM D 4318
Moisture Content ASTM D 2216
Unconfined Compression ASTM D 2166 & Pocket Penetrometer
Triaxial Compression Test ASTM D 4767
Vertical - ASTM D 5084 Method F
Coefficient of Permeability (Hydraulic Conductivity) Horizontal - ASTM D4044 and D8084
Method F
Consolidation ASTM D 2435
Hand Penetrometer Testing ASTM D 2573
Standard Proctor ASTM D 698

2.2 Classification Tests

Classification tests consisting of Atterberg limits, percent passing the number 200
sieve, dry unit weight, and moisture content were performed on selected soil
samples recovered from boreholes. Classification tests were used to characterize
the soils according to the Unified Soil Classification System (USCS) and to evaluate
physical properties of the soils. The test results for the strata identified at the site
are presented in Section 3 of this appendix.

2.2.1 Material Strength Tests

Material strength tests were performed to provide generalized strength parameters
that were used to evaluate the soils at the site. Additionally, triaxial testing was
performed to develop strength profiles for selected strata. The triaxial testing was
performed for both drained (long-term) and undrained (short-term) conditions.
The test results for the strata identified at the site are presented in Section 3 of this
appendix.

2.2.2 Coefficient of Permeability Tests
Laboratory hydraulic conductivity tests were performed to evaluate the

hydrogeological properties of the soils and shale at the site. Additional discussion
regarding the permeability testing is presented in Appendix IIIG - Geology Report.
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2.2.3 Consolidation Tests

The 2014 permit amendment application incorporated conservative consolidation
values for select soil and shale layers. Soil consolidation properties were developed
from laboratory test results, and the consolidation properties of the shale and
unweathered shale were developed from literature research combined with review
of laboratory test results for the stata. This previously developed information was
used to calculate the settlement and heave characteristics of the landfill and
underlying foundation strata for this application.

The results of the consolidation testing are presented in Appendix IIIE-C. The
settlement analyses presented in Appendix IIIE-B incorporate the test results and
reference papers from the 2014 permit amendment application.

2.2.4 Moisture-Density Relationships

Standard Proctor laboratory compaction tests were performed during previous
liner construction activities at the site. The tests were performed to evaluate the
moisture-density relationship of the materials. Remolded samples for coefficient of
permeability tests were compacted by static loading the sample to approximately 95
percent of the Standard Proctor maximum dry density at approximately the
optimum moisture content determined from the Proctor test. These values were
reviewed for comparison with typical landfill liner properties incorporated into the
stability analyses. The results to date demonstrate that the upper clays and
weathered shales are suitable for liner construction, and able to achieve the 1x10-7
cm/sec permeability criteria. Sufficient soil quantities suitable for liner and final
cover construction is available on-site, although alternatively clayey soils may be
imported from off-site borrow areas.

2.3 Conclusion of Laboratory Testing

Classification testing along with unit weight, moisture content, and sieve analysis
results were used to support field observations during subsurface explorations.
Testing results were also used to support the subsurface characterization which
includes the three formations that exist generally across the site. Additionally, soil
strength parameters from both field and laboratory were conservatively generalized
and selected for use in the geotechnical stability analysis.
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3 SITE STATIGRAPHY AND SOIL PROPERTIES

3.1 General

This section of the report includes the generalized stratigraphy for the site, typical
properties of subsurface soils, potential uses of materials that may be excavated

during construction, and soil material requirements for various components of the
landfill.

The laboratory test results for soil samples obtained from the site are summarized
in the material descriptions for each subsurface stratum below. Laboratory testing
information is presented in Appendix IIIE-C. '

3.2 Generalized Site Stratigraphy

The site stratigraphy has been illustrated through a series of five cross-sections, as
shown in Appendix IIIG-C of Appendix IIIG - Geology Report. These cross-sections
utilize seven previous subsurface investigations performed by EMCON-Baker
Shiflett, Golder, Shaw Environmental, and The Carel Corporation. The descriptions
from the 2014 permit application have been excerpted below. The results of the
subsurface investigations show that the Facility is underlain by five main strata in
the upper 100 feet below grade, namely (in order from ground surface down):

e Stratum A — Alluvium: The upper portion of the profile ranging from the
ground surface to an approximate elevation of 468 ft-msl consists of
interbedded fine- and coarse-grained soils. A majority of the soils are
fine-grained and classified as low and high plasticity clays and silts. The
coarse-grained soils were found in discontinuous pockets and classified as
clayey sand, silty sand, and sand. The landfill is designed to generally
penetrate Stratum A.

e Stratum B — Alluvium with gravel: This laterally discontinuous stratum
comprises the first water-bearing zone. Stratum B primarily consists of
coarse-grained soils with an increasing amount of gravel sized particles.
These soils are primarily classified as clayey sand, silty sand, and sand.
Discontinuous pockets of well-graded and poorly-graded gravel were also
identified. The landfill is designed with a portion of the bottom to be founded
on Stratum B and a portion to penetrate Stratum B.
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e Stratum C — Weathered Woodbine, Non-Transmissive: This stratum is
identified as the weathered upper, non-transmissive portion of the
Woodbine formation. The top of this unit is generally identified by a layer of
shaley clay, the top of which represents the unconformity surface between
the Quaternary age alluvium and the underlying Cretaceous age Woodbine.
The materials encountered within this stratum exhibit characteristics of both
soil and rock depending on the amount of weathering the materials have
experienced. The shale portion of the Woodbine is weathered into a shaley
clay or shaley silt. The western expansion of the landfill is designed with a
portion of the bottom to be founded on Stratum C and a portion to penetrate
Stratum C.

e Stratum D — Transmissive Woodbine: This stratum is composed of sands,
sandstone and interbedded sandstone and shale units of the Woodbine. The
sandstone portions is variably weathered, with some portions weathered to
sand.

e Stratum E - Unweathered/Competent Woodbine Shale: This stratum is
composed of the unweathered/competent shale of the Woodbine formation.
The bedrock materials were identified as a laterally continuous shale and
discontinuous zones of siltstone with a few pockets of limestone at depth.
The westernmost portion of the landfill is designed to be primarily founded
on Stratum E.

In some areas of the Facility, the near-surface stratigraphy (Stratums A and B) has
been disturbed or removed during past sand and gravel mining conducted on the
property and by landfilling activities.

3.3 Soil Properties

The physical properties of the strata at the Facility are summarized in the following
sections.

3.3.1 Stratum A

This stratum is described as interbedded fine- and coarse-grained soils. A majority
of the soils are fine-grained and classified as low and high plasticity clays and silts.
The coarse-grained soils were found in discontinuous pockets and classified as
clayey sand, silty sand, and sand. Across the Facility, the top of Stratum A was found
between approximate elevations of 496 to 456 ft-msl. The average top of layer is
approximately at elevation 468 ft-msl. The thickness of this layer ranges between 1
and 72 feet, with an average thickness of approximately 22 feet.
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Table 3-1 summarizes the properties of Stratum A. This is a compilation of the
results from the former geotechnical studies. The test method listed is the method
performed during the investigations.

Table 3-1
Properties of Stratum A’

Water Content 5 66 18 130 ASTM D2216
Liquid Limit? 13 70 41 72 ASTM D4318
Plastic Limit? 11 37 17 72 ASTM D4318
Plasticity Index? 1 47 23 72 ASTM D4318
Liquidity Index -0.61 2.00 0.10 62 ASTM D4318

. : ASTM D2937
Dry Unit Weight (pcf) 90.2 134.0 109.6 31 (Modified)

. . ASTM D2937
Wet Unit Weight (pcf) 110.4 154.1 131.6 29 (Modified)
Percent Passing #200 4 . 97 65. 65 ASTM.D6913
Unconsolidated
Undrained Triaxial | (psf) 785 3521 2048 5 ASTM D2850

i c' (ps 170 482 326
Consolidated (psf) 5 ASTM D4767
Undrained Triaxial | o' (deg) 21 28 25

CCE 0.07 0.13 0.11
Consolidation CiE 0.009 0.020 0.012 4 ASTM D2435
O’p (psf) 2000 6200 4050

Vertical Permeability (cm/sec) 5.7x107 - - 1 ASTM D50843
Horizontal Permeability* " 5 |a 87x10% ASTM D5084
(cm/sec) 2.7x10 >.7x10 G. 1.7x108 8 Falling Head

1 Soil samples SH (Shelby tube) and SS (split spoon) samples.

21 NP (non-plastic) result. The NP result was not incorporated into the average value.

3 EMCON Baker-Shiflett, Inc. performed this test; we have assumed the test method.

4 Both the arithmetic and geometric means of the horizontal permeability are reported for the average.

3.3.2 StratumB

This stratum consists of coarse-grained soils with an increasing amount of gravel
sized particles locally found near the base of the unit in some areas. These soils are
primarily classified as clayey sand, silty sand, sand, and gravel. Discontinuous
pockets of well-graded and poorly-graded gravel were also identified. The Stratum
B soils comprise the first water-bearing zone at the Facility. Across the Facility, the
top of Stratum B was found between approximate elevations of 488 to 400 ft-msl.
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The average top of layer is approximately at elevation 447 ft-msl. The thickness of
this layer ranges between 1 to 48 feet, with an average thickness of 10 feet.

Table 3-2 summarizes the properties of Stratum B. This is a compilation of the
results from the former geotechnical studies. The test method listed is what was
performed during the investigations.

Table 3-2
Properties of Stratum B!

Water Content 5 25 15 21 ASTM D2216
Liquid Limit 17 25 20 8 ASTM D43182
Plastic Limit 13 25 17 8 ASTM D43182
Plasticity Index3 1 8 4 8 ASTM D43182
. . ASTM D2937
. . 113. 2
Dry Unit Weight (pcf) 110.8 116.9 39 (Modified)
. . , ' . ASTM D2937
Wet Unit Weight (pcf) 131.9 134.4 133.2 2 (Modified)
Percent Passing #200 4 58 27 23 ASTM D6913
Unconsolidated
Undrained cu (psf) 3341 . - 1 ASTM D2850
Triaxial
Consolidated c' (psf) 620 - -
Undrained 1 ASTM D47672
Triaxial ¢ (deg) 22 - -
Residual Shear |25 140 - - 1 ASTM D30802
@(deg) 44 -
Vertical Permeability p ASTM D50843
(cm/s) 7.1x10- i 1 Falling Head
. - ASTM D4044 and
4 -2
Ia‘r’;‘/zscsntal Permeability 55%107 | 65x107 | & i‘g’;%% 13 ASTM D5084
o Falling Head

1 Soil samples are Shelby Tube and Split Spoon samples.

2 EMCON Baker Shiflett, Inc. performed these tests. The test method is assumed.

3 2 NP (Non-Plastic) Results. The NP results were not incorporated into the average value.

4 Both the arithmetic and geometric means of the horizontal permeability are reported for the average.

3.3.3 Stratum C

Stratum C is described as the non-transmissive, weathered upper portion of the
Woodbine Formation. The materials encountered within this stratum exhibit
characteristics of both soil and rock depending on the amount of weathering the
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materials have experienced. The shale portion of the Woodbine is locally weathered
into a shaley clay or shaley silt. Lesser weathered portions still retain their shale
characteristics. Across the Facility the top of Stratum C was found between
approximate elevations of 486 to 395 ft-msl. The average top of layer is
approximately at elevation 441 ft-msl. The thickness of this layer ranges between 1
to 48 feet, with an average thickness of approximately 9 feet.

Table 3-3 summarizes the properties of Stratum C. This is a compilation of the
results from the former geotechnical studies. The test method listed is the method
performed during the investigations.

Table 3-3

Properties of Stratum C!

Water Content 2 35 16 60 ASTM D2216
Liquid Limit 28 63 49 20 ASTM D4318
Plastic Limit 15 34 24 20 ASTM D4318
Plasticity Index 12 42 26 20 ASTM D4318
Liquidity Index -0.65 0.58 -0.30 18 ASTM D4318
. . ASTM 02937
Dry Unit Weight (pcf) 104.0 144.5 121.4 21 (Modified)?
. . ASTM D2937
Wet Unit Weight (pcf) 121.7 151.9 137.0 20 (Modified)?
. ASTM D6913
Percent Passing #200 13 97 76 12 (Modified)?
Consolidated c' (psf) 2460 - -
Undrained i 1 ASTM 047672
Triaxial @’ (deg) 44 3 )
Vertical Permeability? - 7 a. 5.5x108 ASTM 05084
(cm/sec) 5.6x10 1.7x10 G.3.1x108 5 falling head”
Horizontal Permeability3 9 - a. 8.8x108 ASTM 05084
(cm/sec) 3.0x10 3.2x10 G.1.8x108 4 falling head
Unconfined Compressive
Strength (ksf) 7.3 129.3 57.3 3 ASTM D7012
Unconsolidated
Undrained cu (psf) 4648 - - 1 ASTM 02850
Triaxial

1 Soil samples are Shelby Tube and Split-Spoon samples. Rock samples are core samples.

2 EMCON Baker — Shiflett, Inc. performed a portion of these tests; their test method was assumed.
3 Both the arithmetic and geometric means of the vertical permeability are reported for the average.

3.3.4 Stratum D

This stratum is composed of sands, sandstone and interbedded sandstone and shale
units of the Woodbine. The sandstone portions are variably weathered, with some
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originally sandstone portions weathered to sand. Across the Facility, the top of
Stratum D was found between approximate elevations 473 to 393 ft-msl. The
average top of Stratum D is at approximate elevation 441 ft-msl. The thickness of
this layer ranges between 1 to 52 feet, with an average thickness of approximately
12 feet.

Table 3-4 summarizes the properties of Stratum D. This is a compilation of the
results from the former geotechnical studies. The test method listed is the method
performed during the investigations.

Table 3-4
Properties of Stratum D!

Water Content 0 22 12 12 ASTM D2216

Dry Unit Weight (pcf) 100.3 157.9 118.8 8 ASTM D2937
(Modified)

Wet Unit Weight (pcf) 100.4 158.4 129.6 8 ASTM D2937
Percent Passing #200 38.4 - - 1 ASTM D6913

. oo 10 8 a.3.2x108 ASTM D5084
Vertical Permeability? (cm/s) 6.3x10 8.5x10 G. 8.0%10-° 3 Falling Head
Horizontal Permeability? a. 2.6x10-4 ASTM D5084

-10 -4 n

(cm/s) 5:2x10 6.2x10 G. 3.8x10° 4 Falling Head
Unconfined Compressive
Strength (ksf) 4.1 8.9 6.5 2 ASTM D7012
Unconsolidated
Undrained Triaxial Cu (psf) 6147 i i 1 ASTM D2850

1 Rock samples are core samples.
2 Both the arithmetic and geometric means of the vertical permeability are reported for the average.

3.3.5 StratumE

Stratum E is described as the unweathered/competent shale of the Woodbine
formation. The bedrock materials were identified as laterally continuous shale, and
discontinuous zones of siltstone with a few pockets of limestone at depth. Within
the upper portion of this formation, the bedrock was highly laminated and thinly
interbedded intervals, while the lower portion consisted primarily of massive shale.
Across the Facility, the top of Stratum E was found between approximate elevations
of 472 to 394 ft-rnsl. The average top of Stratum E is at approximate elevation 429
ft-msl. The thickness of this layer ranges between 2 to 81 feet, with an average
thickness of approximately 35 feet. Stratum E represents the aquiclude underlying
the Facility.
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Table 3-5 summarizes the properties of Stratum E. This is a compilation of the
results from the former geotechnical studies. The test method listed is the method
performed during the investigations.

Table 3-5
Properties of Stratum E*

Water Content 5 19 11 23 ASTM D2216

Liquid Limit 45 - 1 ASTM D43182
Plastic Limit 18 - - 1 ASTM D43182
Plasticity Index 27 - - 1 ASTM D43182
Liquidity Index -0.22 - - 1 ASTM D43182

. . ASTM D29372
Dry Unit Weight (pcf) 108.0 149.1 127.6 23 (Modified)

. . ASTM D29372
Wet Unit Weight (pcf) 128.0 156.0 141.7 23 (modified)
Vertical Permeability 9 7 a. 1.1X107 ASTM D5084
(cm/sec) 9-6x10 3.5x10 G. 4.3X108 5 falling head
Horizontal Permeability3 9 P a. 5.0x107 ASTM D5084
(cm/sec) 1.7x10 1.5x10 G. 1.7x108 3 falling head
Unconfined Compressive
Strength (ksf) 3.9 284.4 62.3 15 ASTM D7012

1 Rock samples are core samples.
2 EMCON Baker-Shiflett, Inc. performed a portion of these tests; the test method was assumed.
3 Both the arithmetic and geometric means of the vertical and horizontal permeability are reported for the average.
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4 CONSTRUCTION CONSIDERATIONS

4.1 General

This section contains recommendations for excavation of the landfill, and soil liner,
leachate collection layer, overliner, and final cover materials and construction.
Additionally, operational cover soils, final cover construction, and perimeter
embankment construction related recommendations are included in this section.

The existing 774.3-acre permit boundary will not be changed with this amendment
application. The permitted limit of waste will be changed by 7.8 acres, from
approximately 382.7 acres to approximately 390.5 acres. A major component of this
amendment application is the rerouting of Hurricane Creek to allow the East
Disposal Area and West Disposal Area to be reconfigured into one contiguous
disposal area.

The currently developed Subtitle D liners of the landfill include groundwater
dewatering systems for temporary groundwater hydrostatic uplift pressure relief.
The future Sectors 6 through 12 will also require temporary groundwater uplift
control in the bottom sideslopes of the excavation and as described in Appendix
I1ID-C of Appendix I1ID — LQCP.

4.2 Material Requirements for Landfill Components

Construction of the landfill will require clay or clayey soils which can be compacted
to have an in-place hydraulic conductivity of 1x10-7 cm/sec or less for the soil liner
portion of the composite liner, overliner, and an in-place hydraulic conductivity of
1x10-> cm/s for the soil infiltration layer of the composite final cover system.

Soil will also be required for protective cover on the liner and overliner, operational
cover (daily cover, intermediate cover), the infiltration and erosion layer
components of the composite final cover, berm construction, and other
miscellaneous general fill. Granular material (i.e., gravel) will be used for the
leachate collection sumps, leachate collection chimneys and may be used for
groundwater dewatering collection trenches. Typical material requirements for
various soil structures are summarized in Table 4-1.
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Testing requirements and construction quality control and quality assurance for
liner soils are detailed in Appendix IIID - LQCP. Testing requirements and
construction quality control and quality assurance for final cover soils are detailed
in Appendix III] - Closure Plan and in Appendix IIIJ-A - Final Cover System Quality
Control Plan (FCSQCP). Liner and final cover details are presented in Appendix II1A-
A - Liner, Overliner, and Final Cover System Details.
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4.3 Landfill Excavation

The excavation for the bottom liner construction will be performed in a manner that
will achieve reasonable segregation of liner quality material from soils that are not
suitable for a liner. Soil materials to be used for liner construction will be stockpiled
separately, according to construction material properties outlined in Section 4.4 and
visual observation during excavation.

Excavation of the soils encountered will be achieved with equipment such as
excavators. Local areas of the hard shale or cemented sands may be encountered
intermittently within the excavation and/or as the depth of excavation into
Unweathered Shale. These zones can be broken up with an excavator equipped with
a hydraulic hammer tool or ripped. The hydraulic hammer may be fitted with a
pointed chisel or moil for the hard shale or a blunt tool for harder cemented
material. Blasting of hard rock will not be required and will not be used at this site.

Excavation side slopes will be graded no steeper than 3 horizontal to 1 vertical
(3H:1V). Temporary slopes during excavation may be steeper. Excavation cut
slopes within the future sector construction areas may require erosion protection if
an extended period of time occurs between excavation and liner construction.
Interim erosion protection can be accomplished by diverting runoff away from the
slopes. “Track walking” with a bulldozer up and down the slopes will create the
effect of “mini-dikes” with the bulldozer tracks, which will reduce erosion.

Prior to beginning construction of the liner components, the subgrade area will be
stripped to a depth sufficient to remove all loose surface soils or soft zones within
the exposed excavation. The liner base grades will be proof-rolled with heavy,
rubber-tired construction equipment or equivalent to detect soft areas. Soft areas
will be undercut to firm material and backfilled with suitable compacted clay fill, as
discussed in Appendix IIID - LQCP. Preparation of the liner base grades will result
in a surface that is stable and that does not exhibit significant rutting from the
construction trafficc The prepared liner base grades will be approved by a
Professional of Record (POR), tested to verify that it meets the requirements
outlined in Appendix IIID - LQCP, and surveyed to verify grades.

4.4 Soil Liner Construction

The bottom and sides of the landfill excavation consists of 2-foot-thick compacted
soil liner. The clay liner will have a maximum hydraulic conductivity of 1x10-7 cm/s.
Details for the liner system are provided in Appendix IIIA (Appendix IIIA-A).
Adequate soil liner material will be available from proposed landfill excavations,
onsite, or offsite borrow sources to provide material for the liner construction.
Preconstruction laboratory tests may be performed to verify that a borrow source
soil material is adequate to meet the compacted clay liner requirements listed in
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Title 30 TAC §330.339(c)(5) prior to using any soil borrow source as liner. A
geosynthetic clay liner may also be used as a substitute for the clay liner.

The soils used for liner construction will have the minimum soil property values
listed in Table 4-2 that will be verified by preconstruction testing in a soils
laboratory. The following soil liner properties are included in Appendix IIID - LQCP.

Table 4-2
Soil Liner and Overliner Properties

Hydraulic Conductivity of Remolded Soils?! 1.0x107 cm/s or less
Plasticity Index 15 minimum
Liquid Limit 30 minimum
Percent Passing No. 200 Mesh Sieve 30 minimum
Percent Passing 1-inch Sieve 100

1 A hydraulic conductivity test will be performed on soil samples remolded per ASTM D 698 in accordance
with Appendix IIID - LQCP.

Representative preliminary sampling will be performed on the materials that will be
used for soil liner construction. Laboratory tests of samples recovered from soil
borings as well as previous testing during liner construction indicate that soils
which will achieve a coefficient of permeability of less than 1x10-7 cm/s are present
at the site. Prior to construction of each new liner area, conformance tests that
include liquid limit, plastic limit, percent passing the No. 200 sieve, Standard Proctor
(ASTM D698) and remolded hydraulic conductivity tests will be performed for the
soils prepared for use as liner. Additional conformance tests will be conducted if
there are visual changes in the borrow material or the liquid limit or plasticity index
vary by more than 10 points. The soil liner construction and testing procedures are
outlined in Appendix IIID - LQCP.

4.5 Drainage Materials

The LCS drainage material will consist of a drainage geocomposite over the entire
liner bottom and side slopes. Each sector will have a bottom slope toward an LCS
trench (i.e.,, pipe enveloped in gravel and geotextile) that will collect leachate from
the bottom and sideslopes. The leachate collection system details are illustrated in
Appendix IIIA (Appendix IIIA-A). The material specifications and construction
procedures for the LCS components are presented in Appendix IIID - LQCP. The LCS
design and demonstrations are provided in Appendix IIIC - Leachate and
Contaminated Water Management Plan.
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4.6 Liner and Overliner Protective Cover

The liner protective cover is required to be a minimum of 24 inches thick for both
liner and overliner. The purpose of the protective cover is to protect the
geosynthetics (i.e, geomembrane and drainage geocomposite) from solid waste
placed over the liner system. To ensure passage of leachate into the leachate
collection system, drainage passages (chimney drains) will be constructed through
the protective cover. The chimney drains will be installed over the LCS collection
pipes as shown in Appendix IIIA (Appendix IIIA-A). The protective cover will be
placed with construction equipment in one lift such that it covers the leachate
collection layer completely. The protective cover material will be free of solid waste
and will not require compaction under the density-controlled construction
procedures.

4.7 Operational Cover Soils

Operational cover soils include daily cover (placed over the waste each day) and
intermediate cover (placed over waste in areas that will not receive additional fill
for at least 6 months). All soils excavated at the site may be used for operational
cover, including shale that is broken down by equipment or weathering.

4.8 Composite Final Cover Construction

4.8.1 Final Cover Infiltration Layer Construction

The infiltration layer of the final cover system will be constructed with clayey
material and will be a minimum of 18 inches thick. As specified in Appendix IIIJ -
Closure Plan, for areas of the landfill with a synthetic bottom liner, the infiltration
layer will consist of 18 inches of earthen material with a coefficient of permeability
equal to or less than 1x10-5 cm/s overlain by a synthetic membrane. The purpose of
this layer is to reduce infiltration of surface water into the fill. The final cover
components material and construction requirements will be in accordance with
Appendix I1IJ-A - FCSQCP.

4.8.2 Final Cover Erosion Layer Construction

As shown in Appendix IIIA-A, the composite final cover system will include a
12-inch-thick erosion layer. The erosion layer will protect the infiltration layer and
will support vegetative growth. The erosion layer may be spread and placed as a
12-inch thick lift (with soils that will support vegetation) or with two 6-inch-thick
lifts (with the upper 6 inches capable of supporting vegetation) over the entire final
cover area as the final cover is constructed. After spreading, each lift will be rolled
lightly to reduce future erosion but not to the extent that compaction would inhibit
plant growth. The top 6inches of the erosion layer will consist of (1) topsoil
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stockpiled during the excavation process, (2) other on-site excavated soils amended
as necessary to be capable of sustaining vegetation, and/or (3) imported soil
materials. Whether placed in a single lift or two lifts, the erosion layer (top of final
cover) will sustain vegetative growth.

4.9 Perimeter Embankment Construction

Perimeter embankments (berms) previously were constructed at the landfill, and
will be constructed at future sectors as required to prevent surface water flow from
entering the landfill excavation. Constructed embankments will have side slopes no
steeper than 3H:1V. A sufficient amount of soil is available from the landfill
excavations to construct the perimeter embankment and other features that require
stable soil fill material.

Prior to beginning embankment fill, the subgrade area will be stripped to a depth
sufficient to remove all topsoil and vegetation. Topsoil will be stockpiled for later
use. The subgrade area will be proof-rolled with heavy, rubber-tired construction
equipment to detect soft areas. Soft areas will be undercut to firm material and
backfilled with suitable compacted clay fill. The subgrade preparation will result in
a subgrade surface that is stable and does not exhibit significant rutting from
construction equipment traffic.

The embankments will be constructed of onsite soils free of organic or other
objectionable materials. The general fill placed below the composite liner (i.e., over
excavated areas within the liner construction area) will be spread in maximum
12-inch-thick loose lifts, placed horizontally and compacted to a minimum of 95
percent of the maximum dry density as determined by Standard Proctor testing
with a moisture content at or above the optimum moisture content determined by
the Standard Proctor testing. A minimum of one Standard Proctor test (ASTM
D698) will be performed on each representative soil used as fill material. Each lift
will receive a minimum of four passes with a heavy tamping roller unless adequate
compaction can be demonstrated with fewer passes. Moisture-density field testing
and full-time third party CQA monitoring during construction will be performed in
accordance with Appendix IIID - LQCP. As necessary, the outside slope of all
embankment construction will be vegetated to minimize erosion and desiccation.

4.10 Overliner System Construction

The overliner system consists of a 40-mil-thick LLDPE geomembrane textured on
both sides, a drainage geocomposite, a geosynthetic clay liner (GCL), and a 24-inch-
thick protective cover soil layer. The geomembrane will be placed over a prepared
bedding layer. Requirements for the overliner are set forth in Appendix IIID - LQCP.
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The layout and detail drawings of the overliner system are presented in Appendix
[IIA-A. Details of the overliner material and construction requirements are provided
in Appendix IIID - LQCP.

4.11 General Earth Fill Construction

Earthen fill material may be required for subgrade preparation, embankments, haul
roads, and other miscellaneous fill. Material availability, compactability, and
long-term maintenance requirements will be considered when evaluating the
excavated soils for use as earth fill. Most soils that will be excavated for landfill
development are suitable for use as earth fill. General fill material placed below the
composite liner (i.e., over-excavated areas within the liner construction area) will be
placed in uniform loose lifts not exceeding 9 inches in thickness. General fill
material for structural fill (e.g., perimeter berm construction and liner anchor trench
backfill) will be placed in uniform loose lifts not exceeding 12 inches in thickness.
General and structural fill will be compacted to at least 95 percent of Standard
Proctor maximum dry density (ASTM D698) at a moisture content at or above the
optimum moisture content when it is used for backfill below the soil liner.
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5 SLOPE STABILITY ANALYSIS

5.1 General

This slope stability analysis has been developed to analyze excavation slopes,
interim slopes, and landfill completion slopes using critical sections for each
condition. The computer model SLIDE2 (RocScience, Inc., 2020) was used to
analyze the stability of excavation slopes, interim fill slopes, and the final
configuration of the site. SLIDE2 is an industry standard computer program
developed by RocScience, Inc.

SLIDEZ is a two-dimensional slope stability program for evaluating the safety factor
or probability of failure of circular and non-circular failure surfaces in soil or rock
slopes. SLIDEZ analyzes the stability of slip surfaces using vertical slice or
non-vertical slice limit equilibrium methods like Bishop, Janbu, Spencer, and Sarma,
among others. Individual slip surfaces can be analyzed, or search methods can be
applied to locate the critical slip surface for a given slope. SLIDE2 incorporates a
windows-based interface that allows input of analysis sections and geological
conditions from AutoCAD design drawings. The input file for the SLIDE2 program
includes:

e Slope surface geometry.

e Subsurface information to identify different types of soil materials in
horizontal and vertical directions so that each subsurface segment is
identified with corresponding soil strength parameters.

e Groundwater information. The program is capable of modeling multiple
groundwater surfaces that may be applicable to various subsurface soil
components identified in the second bullet.

e Material strength information. Each soil section (horizontal or vertical)
identified in the second bullet is assigned with strength parameters including
cohesion and friction angle for both total and effective stresses.

e Model control and simulation user interface of the model that allows
selection of the method of analysis (e.g., Simplified Bishop) and identifying
simulation control parameters.

Automatic failure surface generation functions, that use either initiation/
termination ranges of the failure surface or use search boxes to define failure
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surface location, are used to locate the critical failure surface. The two methods
employed for this slope stability analysis are described below.

1. Simplified Janbu Method - This method uses the method of slices to
determine the stability of the mass above a failure surface.

2. Simplified Bishop Method - This method uses the method of slices to
discretize the soil mass for determining the factor of safety.

In general, the stability of various critical sections were analyzed under static
conditions for short-term (excavation and construction) and long-term (after
construction) safety. The slope stability analyses are provided in Appendix IIIE-A.
The stability of the various liner and final cover configurations with the geosynthetic
components were also evaluated by using infinite slope stability analysis (refer to
Appendix I11E-A).

The stability analysis has been developed using demonstrations showing that, for
each analyzed section, the forces resisting movement of the slopes are higher than
the forces that potentially create movement. Therefore, the ratio of forces resisting
movement to the forces potentially creating movement is defined as the factor of
safety (FS). When the FS is equal to or greater than 1.0, it means that the slope is
stable. In the slope stability analysis a factor of safety greater than 1.0 is desired.
The FS value is increased for the increased uncertainty for the system analyzed. A
factor of safety of 1.5 has been used for slopes that will stay in place long-term,
including final cover configurations. A factor of safety of 1.3 is acceptable for total
stress conditions that will be applicable for short periods of time, including interim
and excavation slopes. A factor of safety of 1.0 is acceptable for residual or large
deformation strength conditions (typical of Rankine-Block analyses of critical
geosynthetic interfaces).

5.2 Sections Selected for Analysis

Slope stability analyses were performed on critical sections to evaluate the stability
of the excavation, interim fill, overliner, and final cover configuration slopes. The
geometries of the slopes analyzed were determined by reviewing the proposed
excavation plan and final contour plan. The evaluation locations were selected to
analyze critical slopes consisting of profiles that include the landfill configuration as
well as natural materials at the toe and below the landfill excavation. The interim
fill slope was analyzed using an assumed profile as discussed in Section 5.3. Figures
showing the location of the cross sections are included in Appendix IIIE-A.

5.3 Configurations Analyzed

The excavation, overliner, interim, and final landfill configurations were modeled to
represent critical slope conditions, and the analysis was performed using circular
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and block failure surfaces. The maximum final fill and overliner slopes will be
4H:1V, while interim slopes, liner slopes, and excavation slopes will be as steep as
3H:1V. The excavation, liner, and interim fill slopes were analyzed with a slope
angle of 3H:1V and a 4:1V final side slope was used to evaluate final cover and
overliner. A copy of the top of liner plan and final completion plan showing the
locations of the cross sections selected for analysis are included as Sheets IIIE-A-1
and IIIE-A-8 in Appendix IIIE-A. Additionally, the configurations analyzed are
graphically illustrated in Sheets IIIE-A-9 through IIIE-A-16 in Appendix IIIE-A. The
interim condition was analyzed considering a 3H:1V slope with a horizontal length
of approximately 600 feet (200 feet vertically). If the horizontal length of actual
interim slopes longer than 600 feet is developed during site operations, an
additional analysis will be completed at that time and maintained in the Site
Operating Record.

5.4 Input Parameters

The cross sections for slope stability analysis were developed for each of the
conditions analyzed (see Figures IIIE-A-9 through IIIE-A-16). The soil parameters
were selected based on a review of the boring logs and laboratory test results from
the subsurface investigation studies at the site and upon engineering judgment and
experience with similar materials. The groundwater surface indicated in the
analysis is obtained from Appendix IIIG - Geology Report. For global analysis of the
foundation conditions, a groundwater level immediately below the top of the
excavation grade was assumed. For analysis of the exterior berm or slope
(excavation slope analysis) a perched groundwater level above the sector
excavation grade was assumed (as representative of groundwater in the upper
units) and represents the highest measured groundwater levels. Table 5-1
summarizes the unit weights and strength parameters used for the stability
analyses for the evaluated landfill slopes (excavation, overliner, interim, and final
cover slopes).

Note that for analyzing interface failure planes along the overliner and bottom liner,
a single 2-foot-thick zone was input into the SLIDE2 model and the weakest strength
parameters assigned to this zone.
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Table 5-1

Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis

The final cover system includes the erosion layer, drainage geocomposite (single-sided on top slopes and double-sided on 4H:1V sideslopes), geomembrane liner (smooth or textured
on topslopes and textured on 4H:1V sideslopes), and compacted clay infiltration layer. An infinite stability analysis was performed to establish the minimum interface strength

s | requirements for each layer of the final cover system. The minimum interface strength requirements specified are used for the stability analysis in Appendix IIIE-A.

_ Material Strer

Sideslope

- OO | Angle | weight | AGKESM | Angle
7 " | (degrees) | ol | (degrees)
100 16 116 Topslope 100 13

4H:1V 100 16

For the rotational global stability analysis, the final cover system is modeled as a single layer and the strength parameters represent the compacted clay infiltration layer and the
erosion layer. The two geosynthetic layers (i.e, geomembrane and geocomposite) are not included in the global analysis because they provide a negligible contribution to the forces
that are resisting movement. The strength values selected for the final cover system represent strength values typically used in the industry and these same strength values have been
used in various permit applications approved by TCEQ. The global stability analysis for rotational failure analysis uses the soil material strength parameters (i.e.,, cohesion of 100 1b/ft2
and a friction angle of 16 degrees). The global stability analysis is included in Appendix IIIE-A-3.

The interface slope stability analysis for the final cover system was performed using an infinite slope stability analysis procedure by Duncan, Buchianani, and De Wet. The purpose of
this analysis was to show that the final cover components that are placed on top of each other, such as a geomembrane and compacted clay layer (or geomembrane and
geocomposite), will not experience sliding failure due to the lack of strength between these components. The interface strength parameters shown are based on compacted clay
internal on the sideslope and smooth geomembrane and compacted clay on the top deck. The interface strength parameters were developed from Geosynthetic Research Institute
(GRI) publications (e.g, “Direct Shear Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces” by George R. Koerner, GRI, Folsom, PA, June 14, 2005). Although
the strength parameters (i.e, adhesion and interface friction) used for the application were selected based on published data, it should be noted that these strength parameters will

i | also be tested and verified at the time of each final cover construction event to ensure that the as-built strength parameters meet or exceed the strength parameters used for the design

(as discussed in Appendix IIIE-A). As noted in Appendix IIIE-A, the strength parameters listed are for the weakest interface (or internal) to provide for a conservative design.

gth Parameters

~ Interface Strength Parameters ,

“unit

_ Mate

ial Strength Parameters

OOt | Angle | weight | ATeSON | Angle
71 | (degrees) | (bift}) | - YT/ | (degrees)
For ¢p < Interface strength parameters are
625 psf 0 not applicable to the solid waste
€ =500 psf 65 layer because the interface
For @p > between the waste and final cover
625 psf 33 and overliner systems is not a
C=0 critical interface.

As noted in Appendix IIIE-A, the strength parameters for solid waste were based on information contained in the following references: Pagotto and Rimoldi (1987), Landva and Clark
(1990), and Richardson and Reynolds (1991) and Kavazanjian, et al. (1995). These sources list cohesion and friction angle values that range from 210 Ib/ft2 to 605 Ib/ft2 and 18° (for

| residual strength or large displacement for direct shear test which requires a factor of safety of 1) to 43°, respectively. The selected strength values are selected to represent peak

strength for MSW. The unit weight of waste used for stability analyses is consistent with numerous analyses and permit amendment applications in Texas, including being consistent

.| with the previous amendment application analysis for this landfill.

Interface Strength Parameters

100

16

120 100

cohesion | Fricion | unit | | Friction

(b |  Angle | Weight | T e | Angle

L fldegrees) | (b)) o R0 o] (degrees).
18

The overliner system includes a geomembrane liner (textured on all slopes), drainage geocomposite (double-sided), a GCL, and 2-foot-thick protective cover layer. Similar to the final
cover system discussed above, the overliner system is modeled as a single layer for the global stability analysis (i.e., 2-ft protective cover was not considered separately). In addition,

both a translational (using Simplified Jambu and Rankine Blocks) and an infinite stability analysis were performed to establish the minimum interface strength requirements for each
layer of the overliner system.

For the rotational global stability analysis, the overliner system is modeled as a single layer and the strength parameters represent the protective cover layer (for this analysis the
material strength parameters are used). The two geosynthetic layers are not included in the global analysis because they provide a negligible contribution to the forces that are
resisting movement. The strength values selected for the overliner system represent strength values typically used in the industry for liner systems (see liner system discussion
below). The unit weight of the overliner system is consistent with that selected for the liner system and is based on experience with liner system construction. The global stability
analysis is included in Appendix IIIE-A-3 (interim and final landfill conditions).

The interface slope stability analysis, which is performed using an infinite slope stability analysis procedure by Duncan, Buchianani, and De Wet for the overliner system, was
developed to show that overliner components that are placed on top of each other, such as the geomembrane and geocomposite, will not experience sliding failure due to the lack of
strength between these components. The interface strength parameters were developed using materials from Geosynthetic Research Institute (GRI) publications (e.g., “Direct Shear

| Database of Geosynthetic-to-Geosynthetic and Geosynthetic-to-Soil Interfaces” by George R. Koerner, GRI, Folsom, PA, June 14, 2005). Although the strength parameters (i.e.,, adhesion

and interface friction) used for the application were selected based on published data, it should be noted that these strength parameters will also be tested and verified at the time of

‘| each overliner construction event to ensure that the as-built strength parameters meet or exceed the strength parameters used for the design (refer to Appendix IIID).

The translational slope stability analysis was performed using Simplified Janbu Method using Rankine Blocks. This analysis is similar to the interface slope stability analysis discussed
above. The purpose of this analysis is to test the critical interfaces under a variety of loading conditions (refer to Appendix IIIE-A-2 for more information - i.e., the loading conditions
reflect different landfill configurations). SLIDEZ is also used for this analysis. However, for the translational analysis the overliner system strength parameters are modified to reflect
the strength parameters (adhesion and friction angle) for the interfaces with the lowest strength parameters. As noted above, these strength parameters will also be tested and
verified at the time of each overliner construction event to ensure that the as-built strength parameters meet or exceed the strength parameters used for the design.
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| (egrees) | (/i) | TPT) | (degrees)

For @p < 0 Interface strength parameters are not

625 psf applicable to the solid waste layer

65 because the interface between the waste

For ¢p > 33 and final cover and overliner systems is
625 psf

not a critical interface

Table 5-1 (Continued)
Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis

See comments listed under Solid Waste above.

e :tjM',até‘rl:ayl SfféngfhfP}araméférs, '

~Interface Strength Parameters

 Friction

o | Friction B
| C‘(’I';?;;;’" | Angle | Weight | A?l%?f?:;;m | Angle
SN L | (degrees) | (Ib/ftd) . | L S (degrees)
Protective Cover 120 Floor Grades 100 22
Effective Stress 100 16
Total Stress 1,000 0
Liner System 120 3H:1V 100 16
Sideslope and
Effective Stress 100 16 Floor Grades
Total Stress 1,000 0

The liner system includes a 2-foot-thick compacted clay layer, 60-mil geomembrane (smooth or textured geomembrane on the floor of the landfill and
textured on the 3H:1V sideslopes), drainage geocomposite (single-sided on floor grades and double-sided on 3H:1IV sideslopes), and a 2-foot-thick protective

| cover soil layer. This system is modeled as two layers for the global stability analysis. In addition, both a translational and an infinite stability analysis were

performed to establish the minimum interface strength requirements for each layer of the liner system. The minimum interface strength requirements are

o specified in Appendix IIID.

For the rotational global stability analysis, the liner system is modeled as two layers: the compacted clay liner and the soil protective cover layer. The two
geosynthetic layers are not included in the global analysis because they provide a negligible contribution to the forces that are resisting movement. The
strength values selected for the liner system represent strength values typically used in the industry and these same strength values have been used in
various permit applications approved by TCEQ. Duncan and Wright (2005) provides a comprehensive discussion regarding strength parameters for a liner
system. In Chapter 5 - Shear Strengths of Soil and Municipal Solid Waste, a significant amount of data are presented and evaluated for compacted clay liners.
The results indicate that the lowest cohesion value for compacted cohesive soils is 9 kPa (187 1b/ft?) and the lowest reported friction angle value is 19
degrees. Therefore, selected values of 100 Ib/ft? for cohesion and 16 degrees of friction angle conservatively represent the liner system. Soil properties used
in the slope stability analysis are subject to verification at the time of each liner construction. Section 2.4.3 in Appendix IIID - LQCP includes the material
strength tests required for soil used for liner construction. Protective cover and compacted clay liner soil unit weight values are based on experience with
liner system construction. The global stability analysis is included in Appendices I1IE-A-2 and IIIE-A-3.

The interface slope stability analysis, which is performed using an infinite slope stability analysis procedure by Duncan, Buchianani, and De Wet for the liner
system, was developed to show that certain landfill components that are placed on top of each other, such as a ggcomembrane and compacted clay layer will
not experience sliding failure due to the lack of strength between these components. The interface strength values presented in this table represent
compacted clay liner internal on the sideslopes, and textured geomembrane and compacted clay liner interface on floor grades. These strength values
represent the interfaces with the lowest strength at the sideslopes (refer to Appendix IIIE-A-4 for the complete evaluation of interfaces that will occur for the
liner system 3H:1V sideslope and the bottom liner interface strength value is obtained from the document referenced in this paragraph). The strength
parameters were developed using materials from Geosynthetic Research Institute (GRI) publications (e.g, “Direct Shear Database of Geosynthetic-to-
Geosynthetic and Geosynthetic-to-Soil Interfaces” by George R. Koerner, GRI, Folsom, PA, June 14, 2005). Although the strength parameters (i.e., adhesion and
interface friction) used for the application were selected based on published data, it should be noted that these strength parameters will also be tested and
verified at the time of each liner construction event to ensure that the as-built strength parameters meet the minimum strength parameters from this analysis
(refer to Appendix IIIE-A-5).

The translational slope stability analysis was performed using simplified Janbu Method using the Rankine Blocks. This analysis is similar to the interface
slope stability analysis discussed above. The purpose of this analysis is to test the critical interfaces under a variety of loading conditions (refer to Appendices
II[E-A-2 and IIIE-A-3 for more information - ie., the loading conditions reflect different landfill configurations). SLIDE2 is also used for this analysis.
However, for the translational analysis, the liner system strength parameters are modified to reflect the interface strength parameters. The translational
stability analysis uses modified liner system strength parameters to reflect the interface strength parameters. As noted above, these strength parameters will
also be tested and verified at the time of each liner construction event to ensure that the as-built strength parameters meet or exceed the strength parameters
used for the design.

1The overliner was modeled with clay/textured geomembrane interface for sideslope and top deck areas.

Q:\REPUBLIC\ARLINGTON\EXPANSION 2020\PART III\APP IlIE.DOC

Weaver Consultants Group, LLC
Rev.0,5/9/22
Appendix HIE

[IIE-24




Table 5-1 (Continued)
Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis

Refer to Section 3.3.1 of this appendix for description.

~ Cohesion
(b2 |

Interface  strength parameters are not
Effective 300 | Effective 25 12.5 applicable to the Upper Sand layer because the
Total 3500 | Total 0 130 (SAT) | interface between the waste and final cover and
overliner systems is not a critical interface.

Refer to Section 3.3.2 of this appendix for description.

~ Cohesion | Friction Angle | Unit Weight | / elel s
‘("b’ﬁ.)y | ('b/ﬂ) o ~ (degrees)
) _ Interface strength parameters are not
Effective 600 | Effective 22 125 applicable to the Bounding Shale layer because
Total 3500 | Total 0 130 (SAT) | the interface between the waste and final cover
and overliner systems is not a critical interface.

Refer to Section 3.3.3 of this appendix for description.

‘Material Strength Parameters

Cohesion | Friction Angle | Unit Weight | el
o) g b P BB edress)y D
) ) Interface strength parameters are not
Effective 2000 | Effective 40 125 applicable to the Bounding Shale layer because
Total 4000 | Total 0 140 (SAT) | the interface between the waste and final cover
and overliner systems is not a critical interface.

Refer to Section 3.3.4 of this appendix for description.

 Material Strength Parameters | Interface Strength Parameters

- Cohesion | Friction Angle | UnitWeight |  Adhesion | FRer®n
e e B L e

_ Interface strength parameters are not
Effective 2000 | Effective 40 135 applicable to the Bounding Shale layer because
Total 6000 | Total 0 140 (SAT) | the interface between the waste and final cover

and overliner systems is not a critical interface.

tLiners on the sideslopes and floor grades are listed separately due to different strength characteristics for clay/smooth geomembrane and clay/textured geomembrane interfaces. The overliner was modeled with clay/textured geomembrane interface for sideslope and top deck areas.
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Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis

Effective 1000
Total 4100

Effective 38.6
Total - 0

135
140 (SAT)

Interface strength parameters are not

applicable to the Bounding Shale layer because
the interface between the waste and final cover
and overliner systems is not a critical interface.

Table 5-1 (Continued)

Refer to Section 3.3.5 of this appendix for description.

1Liners on the sideslopes and floor grades are listed separately due to different strength characteristics for clay/smooth geomembrane and clay/textured geomembrane interfaces.
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5.5 Results of Stability Analysis

5.5.1 Stability Analysis Using SLIDE2

The results of the stability analyses using SLIDE2 computer program indicate that
the proposed excavation, liner, interim, overliner, and final configuration slopes are
stable under the conditions analyzed. Table 5-2 summarizes the results of the
stability analyses for the landfill slopes and compares the calculated factor of safety
to the recommended minimum factor of safety. The recommended minimum
factors of safety for the conditions analyzed were determined using
recommendations from the Corps of Engineers “Design and Construction of Levees”
manual (EM 1110-2-1913) and the EPA’s “Technical Guidance Manual for Design of
Solid Waste Disposal Facilities,” as 1.3 for short-term slope stability (excavation
slopes) and 1.5 for long-term slope stability (interim and final cover slopes).

Table 5-2
Summary of Slope Stability Analyses
for the Excavation Configuration

B o L e

Excavation Slope A-1 (Exterior)

Bishop-Circular 1.74 3.33 YES
Excavation Slope A-1 (Interior) Bishop-Circular 1.65 3.30 YES

1 Recommended Minimum Factor of Safety for long-term stability analysis using effective stress is 1.5 and short-term
stability analysis using total stress is 1.3.
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Table 5-3
Summary of Slope Stability Analysis for
Overliner Slopes

Overliner Fill Slope B-1 | Bishop-Circular 2.22 2.36 YES YES
Overliner Fill Slope B-2 | Rankine-Block | 1.88 (peak)? | 1.43 (residual)3# YES YES
Overliner Slope C-1 Bishop-Circular 2.59 2.25 YES YES
Overliner Slope C-2 Rankine-Block 1.97 1.54 YES YES
! Long-term factor of safety for temporary slopes is 1.5.

2 Peak stress for Rankine-Block.

3 Residual stress for Rankine-Block.

4

An acceptable Factor of Safety for residual stress is 1.0.

Table 5-4
Summary of Slope Stability Analysis
for the Interim and Final Landfill Configurations

Interim Slope D-1 Bishop-Circular 1.94 1.94 YES YES
Interim Slope D-2 Rankine-Block | 1.61 (peak) | 1.29 (residual)23 YES YES
Final Cover Slope E-1 | Bishop-Circular 2.67 2.53 YES YES
Final Cover Slope E-2 | Rankine-Block | 2.07 (peak)? | 1.62 (residual)23 YES YES
Final Cover Slope F-1 | Bishop-Circular 2.97 2.97 YES YES
Final Cover Slope F-2 | Rankine-Block | 3.70 (peak)? | 2.92 (residual) 23 YES YES

* Recommended Minimum Factor of Safety for long-term stability analysis using effective stress is 1.5 and short-term
stability analysis using total stress is 1.3.

2 Recommended Minimum Factor of Safety for stability analysis using peak stress is 1.5 and residual stress is 1.0.

3 Residual stress for Rankine-Block.

Computer-generated slope stability analysis output is included in Appendix IIIE-A.
The minimum calculated factor of safety for the closed condition is 1.88, which is
greater than the recommended minimum factor of safety of 1.5 for long-term slope
stability.
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5.5.2 Infinite Slope Stability Analysis

Infinite slope stability analysis for the overliner, bottom liner, and final cover
systems has been included in this design in addition to the block method analysis
discussed in the previous section. The infinite stability analyses address anchor
trench design, stability of cover and drainage material on anchored geosynthetics,
and shear forces within the liner system. The infinite final cover slope stability
analysis addresses the shear forces within the final cover system. These
calculations are presented in Appendix IIIE-A-4. As demonstrated in Appendix IIIE-
A-4, the liner, overliner and cover systems are structurally stable using the strength
parameters shown, which will be verified during each construction event. Prior to
each construction event for liner, overliner, and final cover, the POR will perform
interface strength testing using the actual material that will be used for each
construction event to demonstrate the interfaces comply with the minimum values
set forth in the Interface Shear Strength Conformance Test Requirement presented
in Appendix IIIE-A-5.

A separate analysis has been prepared for the GCL final cover alternative and is
presented in Appendix IIIJ-B - GCL Alternative Final Cover Demonstration. The
demonstration presents the alternative of substituting a GCL for the 18-inch-thick
compacted clay infiltration layer.

5.5.3 Overliner and Bottom Liner Interface Shear Strength Conformance
Testing

Prior to each construction event, interface shear strength conformance testing will
be required for the specific geosynthetic and soil liner components to be
incorporated into the project. The required interface shear strength conformance
testing requirements have been established for the project based on stability
analyses performed for the expansion. The description of the interface shear
strength conformance testing requirements and supporting stability analyses is
presented in Appendix IIIE-A-5. As discussed in the appendix, the conformance
testing requirements are applicable to both laboratory stack testing and single
interface testing results and will be incorporated into the Geosynthetic Liner
Evaluation Report (GLER) prepared for the respective construction event.
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6 SETTLEMENT, STRAIN, AND HEAVE ANALYSIS

6.1 General

The purpose of the settlement and heave analysis is to demonstrate that the
overliner, bottom liner, and final cover systems will not be adversely impacted by
foundation settlement and settlement of waste below the overliner. The settlement
analysis also addresses the settlement of the final cover system to demonstrate that
the proposed final cover is designed to withstand the potential strain induced by
waste settlement.

Settlement of the liner system will occur due to consolidation of the foundation
materials from the weight of the landfill components (i.e., protective cover, solid
waste and daily cover, and final cover systems). Laboratory consolidation tests
indicate that the foundation soils (primarily shale) have low compressibility.
Settlement of the overliner system occurs due to consolidation of the waste below
the overliner and foundation soils as a result of the weight of the landfill
components above the overliner. Settlement of the final cover system will occur due
to consolidation of foundation soils and consolidation within the solid waste. Total
consolidation of final cover consists of primary and secondary consolidation of
deposited waste. Appendix IIIE-B includes details for the foundation heave and
settlement as well as overliner and final cover settlement analyses.

6.2 Foundation/Bottom Liner Settlement and Strain

The Foundation/Bottom Liner Settlement Analysis is presented in Appendix IIIE-B-1.
Foundation settlement potential has been assessed using estimates of consolidation
properties for Stratum I, the primary formation underlying the constructed cells.

Settlement calculations were performed using SETTLE3, a computer-based model
developed by RocScience, Inc. (2021). Input parameters include surfaces
representing the subsurface strata, vertical loads representing the waste placed in the
cell, and the settlement characteristics of the subsurface strata (from laboratory
consolidation testing). The SETTLE3 model creates an isopach of the settlement of
the bottom liner system, which then can be used to calculate strain within the bottom
liner components.

The analysis is performed by creating a horizontal plane within the SETTLE3
program, with subsurface data input from available boring logs that has been

Weaver Consultants Group, LLC
Q:\REPUBLIC\ARLINGTON\EXPANSION 2020\PART HI\APP lIIE.DOC Rev.0,5/9/22

Appendix [HE
[IIE-30




normalized to the excavation grades (i.e., grades below the bottom liner system)
designed for the landfill. Thus, the horizontal plane within the model represents the
soil conditions beneath the excavation grade contours. Vertical fill loads are then
calculated by subtracting the final landfill elevation from the excavation grades, and
then multiplying the fill height by the unit weight assumed at each fill point. Unit
weight values are adjusted based on the total waste thickness, and assume that
deeper waste fill heights result in higher waste densities and associated pressures.

For the analysis, a conservative approach of assuming pre-consolidation pressures as
equal to the overburden stress was used. This is a conservative approach, in that it
results in greater settlement at each analysis point when compared to analyses
performed using an assumed or calculated higher pre-consolidation stress value. The
results of the analyses are presented in Appendix IIIE-B. As demonstrated in
Appendix IIIE-B, even with this more conservative approach the settlement at the site
is negligible and will not adversely affect the performance of the leachate collection
systems and will not result in detrimental strain on the liner system components.

6.3 Final Cover Settlement and Strain

The Final Cover Settlement Analysis is presented in Appendix IIIE-B-2. Landfill final
cover settlement occurs due to settlement of foundation soils and the settlement of
waste materials. In general, foundation settlement is insignificant in comparison to
the settlement of deposited waste. Waste settlement consists of primary and
secondary settlement.

Settlement of solid waste generally begins rapidly as the waste load is placed and
continues to occur for long periods of time after the initial placement. Initially,
municipal solid waste will undergo primary settlement due to its own weight, final
cover, equipment, etc. Primary settlement occurs quickly, generally within the first
month after loading. Therefore, the weight of the final cover system is the only
remaining factor that contributes to primary consolidation. By the time the
construction of the final cover is complete, settlement of the waste due to the weight
of the final cover will be complete.

Secondary settlement continues at substantial rates for periods of time well beyond
primary settlement. It is a combination of mechanical secondary compression,
physico-chemical reaction, and bio-chemical decay.

A strain analysis has been incorporated into the final cover settlement analysis
presented in Appendix IIIE-B-2. The purpose of the settlement and strain analysis is
to demonstrate that the final cover system will be stable as designed and maintain
positive drainage. If it is considered that the waste settlement is uniform, then the
sideslopes are expected to maintain positive drainage. Based on the estimates of
settlement for the maximum waste thickness (where maximum waste settlement is
expected to occur on the top deck of the landfill) and minimum waste thickness
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(where minimum settlement is expected to occur on the top deck of the landfill), the
landfill final cover will be subject to a (compressive) strain of 0.27 percent. That is
less than the allowable strain for the final cover soil infiltration layer. A strain
demonstration in Appendix IIIE-B-2 shows that the top deck areas of the final cover
will be stable and maintain positive drainage after settlement.

6.4 Overliner Settlement

The Overliner Settlement Analysis is presented in Appendix IIIE-B-3. Overliner
settlement occurs as foundation materials and underlying in-place solid waste
consolidate due to the additional weight of the landfill. In general, foundation
settlement is insignificant in comparison to the settlement of underlying in-place solid
waste, and therefore the analysis was limited to settlement occurring within the
waste. Waste settlement consists of primary and secondary settlement.

Settlement of solid waste generally begins rapidly as the waste load is placed and
continues to occur for long periods of time after the initial placement. Initially,
municipal solid waste will undergo primary settlement due to its own weight, final
cover, equipment, etc. Primary settlement occurs quickly, generally within the first
month after loading. Therefore, the weight of the final cover system is the only
remaining factor that contributes to primary consolidation. By the time the
construction of the final cover is complete, settlement of the waste due to the weight
of the final cover will be complete. Secondary settlement continues at substantial
rates for periods of time well beyond primary settlement. It is a combination of
mechanical secondary compression, physico-chemical reaction, and biochemical
decay. Settlement analysis for the overliner system is presented in Appendix IIIE-B-3.

The purpose of the overliner system settlement analysis is to (1) show that positive
drainage is maintained for the overliner system consistent with the demonstration
included in Appendix IIIC and (2) to verify that the strain induced on the overliner
system components due to differential settlement is within acceptable limits. The
post-settlement slopes of the overliner system were used to demonstrate that the
overliner leachate collection system will maintain positive drainage slopes and the
leachate will be conveyed within the thickness of the leachate collection layer.

A strain analysis has been incorporated into the overliner settlement analysis
presented in Appendix IIIE-B-3. The purpose of the strain analysis is that the
maximum calculated strain is significantly lower than the allowable strain for the
overliner system components. The areas of the overliner and overliner leachate
drain pipes will be stable and maintain positive drainage after settlement. Based on
the foregoing discussion, it is concluded that settlement will not adversely affect the
overliner system, and the overliner system will perform as designed.
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6.5 Foundation Heave

The foundation heave analysis is presented in Appendix IIIE-B-4. Potential heave
(rebound) due to excavation of overburden above the excavation base was
estimated using the standard consolidation theory for soils and the recompression
index obtained from the rebound portion of the consolidation tests. In order to
estimate potential for heave, the load is decreased, instead of increasing the load on
the soils, to correspond with the projected weight of excavated soil. Using a
maximum excavation depth of approximately 18 feet (existing ground elevation
minus bottom of excavation at a given location), a heave of approximately 20 inches
was calculated. The depth of floor grade excavation for each individual sector (liner
area draining to an LCS sump) is generally uniform (i.e., depth of soil to be removed
from the floor grades does not change drastically within a given sector). Where the
excavation depth is less, heave will also be less and therefore negligible. These
calculations are included in Appendix IIIE-B-4. Heave will occur soon after
excavation (before and during liner construction) and will not adversely affect the
performance of the liner system.
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7 CONCLUSIONS AND RECOMMENDATIONS

This geotechnical analysis has been developed using (1) various geotechnical data
obtained from field and laboratory testing performed on the soil samples recovered
at the site; (2) general soil stratigraphy of the project area; and (3) known
geotechnical characteristics of the founding geological formation, of solid waste, of
geosynthetic materials commonly used for landfill development, and of soils used
for various components of landfills. It is concluded, based on this geotechnical
analysis, that the proposed landfill and its components (e.g., leachate collection
system, liner systems, cover systems, excavation and interim fill slopes) will be
geotechnically stable and will function as designed. The following summarizes
various findings of the geotechnical analysis.

e Geotechnical engineering tests were performed in accordance with industry
practice and recognized procedures (e.g., ASTM standards).

e Stability of the proposed landfill excavation slopes, constructed liner slopes,
interim fill slopes, overliner slopes, and the final cover are acceptable as
designed (see Appendix IIIE-A).

e Stability of the liner, overliner, and final cover system components is
acceptable as designed (see Appendix IIIE-A).

e Foundation settlement after filling is expected to be negligible and within the
strain limits of the liner system (refer to Appendix IIIE-B).

o Settlement of the final cover system will not adversely affect the final cover
system, and the final cover system will function as designed (refer to
Appendix IIIE-B).

o Settlement of the overliner system will not adversely affect the overliner
system, and the overliner system will perform as designed (i.e., maintain
positive drainage to the LCS sumps).

e Foundation heave during excavation is expected to be negligible and is
within the strain limits of the liner system (refer to Appendix IIIE-B-4).
Settlement of the liner system will not adversely affect the liner system, and
the liner system will perform as designed (i.e., maintain positive drainage to
the LCS sumps).
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APPENDIX IIIE-A
SLOPE STABILITY ANALYSIS
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INTRODUCTION

This appendix includes the slope stability analysis for the landfill slopes during
various phases of the site development and the final landfill configuration. General
slope stability for the excavation and interim and closed conditions were evaluated
by using the SLIDE2 computer program, as developed by RocScience, Inc. (2020).
The Simplified Bishop method was used for circular failure surfaces, and the
Simplified Janbu method using Rankine Block was used for the translational (block)
slope stability analysis. Infinite slope stability has also been analyzed for the bottom
liner, overliner, and final cover system. Soil profiles analyzed for each configuration
for the slope stability analysis are provided in the sub-appendices, along with
SLIDEZ computer output files as applicable. The stability analysis for the site is
provided in the following four appendices.

e Appendix IIIE-A-1 includes the slope stability analysis for the excavated
landfill condition.

e Appendix IIIE-A-2 includes the slope stability analysis for the overliner
condition.

e Appendix IIIE-A-3 includes the slope stability analysis of the interim and final
closure configuration.

e Appendix IIIE-A-4 includes the infinite slope stability evaluation.

e Appendix IIIE-A-5 includes the interface shear strength conformance testing
requirements (for use during future cell and overliner and bottom liner
designs and construction).
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Prep By: MB/DEP CITY OF ARLINGTON LANDFILL Chkd By: DEP
Date: 1/26/2022 0023-404-11-102 Date: 1/26/2022

APPENDIX HIE-A
SLOPE STABILITY ANALYSIS

Required: A. Evaluate the slope stability of the proposed landfill configuration including excavation grades,
overliner slopes, interim fill slopes, and final closure condition slopes.

B. Evaluate the veneer stability of the bottom liner, overliner and final cover systems. Analysis is
performed by the Infinite Slope Analysis Method.

C. After completing the analysis of the selected sections above using the weakest liner interface for

each condition, the worst case section (i.e.. the section with the lowest resulting factors of safety)
was then re-analyzed to determine the minimum required strength parameters to meet the
minimum required factors of safety (for block failure along the liner system interfaces). These
strength values will then be used in material specification and conformance testing during future
bottom liner and overliner construction projects. For this project, Section B-B was selected as the
worst case condition. The results of the conformance testing analysis and the Geosynthetic
Conformance Testing Requirements are presented in Appendix IIE-A-5.

For this slope stability analysis, the analysis description, input parameters, analysis section plans,
and the sections analyzed (with analysis results) are presented in Appendix IIIE-A. SLIDE2
computer model output files are presented in Appedices ITI[E-A-1 (Excavation Grades), IIIE-A-2
(Overliner Conditions) and IIIE-A-3 (Interim and Final Closure Conditions). Infinite slope
stability analyses are presented in Appendix IIIE-A-4.

Given: 1. Site plans showing the sections analyzed for this analysis are presented on Sheets IIIE-A-7 and
IIIE-A-8.

2. Modeling parameters were derived from field and laboratory testing, and are summarized in Table
IIIE-A-1, below. The results of field and laboratory testing are discussed in Appendix IIIE.
Assumptions regarding waste density are discussed in Appendix IIIE.

3. The proposed bottom liner system for the landfill will consist of (from the bottom up) 2-foot-thick
compacted clay liner (k < 1x107 cm/s), 60-mil HDPE geomembrane, geotextile-geonet composite
drainage layer, and 2-foot-thick soil protective cover. A GCL may be substituted for the clay liner
component. Infinite stability analysis results for the clay liner option of the bottom liner system
are presented in Appendix IITE-A-4.

4. The proposed overliner system for the landfill will consist of (from the bottom up) a bedding
layer, GCL, 40-mil LLDPE geomembrane, geotextile-geonet drainage layer, and 2-foot-thick soil
protective cover. Infinite stability analysis results for the overliner system are presented in
Appendix IITE-A-4.

5. The proposed final cover system for the landfill will consist of (from the bottom up) an infiltration
layer, 40-mil LLDPE geomembrane, geotextile-geonet drainage layer, and 1-foot-thick erosion
layer. The infiltration layer may be comprised of 18-inch thick clay or GCL. Infinite stability
analysis results for the final cover system are presented in Appendix IIIE-A-4.

6. The bottom liner and overliner systems were analyzed for stability as a single (thickened) layer
with assigned strength parameters of the weakest component of the proposed composite liner
system.
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Prep By: MB/DEP CITY OF ARLINGTON LANDFILL Chkd By: DEP
Date: 1/26/2022 0023-404-11-102 Date: 1/26/2022

APPENDIX IITE-A
SLOPE STABILITY ANALYSIS

Method: A. Evaluate the slope stability of the proposed landfill configuration including excavation grades,
overliner slopes, interim fill slopes, and final landfill slopes.

1. Determine critical excavation, overliner, interim and final landfill configuration slopes in the
proposed design.

2. Select a soil profile for each critical section using available boring logs and geologic cross
sections near each section. Information for this effort was derived from Appendix [IIG-Geology
Report.

3. Select material properties using unit weights and strength parameters for the proposed sections
(See Table ITIE-A-1, below).

4. Perform slope stability analyses:

a. Analyze the excavation and exterior liner slopes using SLIDE2 computer model and
the simplified Bishop method of circular failure surfaces. Analyses were performed
for both effective (drained) stress conditions and total (undrained) stress conditions.
The effective stress conditions represent long-term conditions, and the total stress
conditions represent short-term conditions. Analysis section plans and analysis
sections are presented as Sheets IIIE-A-7 through 14, and the SLIDE2 output files and
results are presented in Appendix [ITE-A-1.

b. Analyze the landfill overliner slopes using SLIDE2 computer model and the simplified
Bishop method of circular failure surfaces and the Bishops method for block failure
surfaces at the overliner interface. Circular failure plane analyses were performed for
total (undrained) stress and effective (drained, or long term) stress conditions. The
effective stress conditions represent long-term conditions, and the total stress
conditions represent short-term conditions. Block failure along the overliner interfaces
were performed for peak and residual (or large deformation) conditions. Analysis
section plans and analysis sections are presented as Sheets IIIE-A-7 through IITE-A-14,
and the SLIDE?2 output files and results are presented in Appendix IITE-A-2.

¢. Analyze the interim and final closure condition slopes using SLIDE2 computer model
and the simplified Bishop method of circular failure surfaces and the Bishops method
for block failure surfaces at the bottom liner interface. Circular failure plane analyses
were performed for total (undrained) stress and effective (drained, or long term) stress
conditions. The effective stress conditions represent long-term conditions, and the total
stress conditions represent short-term conditions. Block failure along the overliner
interfaces were performed for peak and residual (or large deformation) conditions.
Analysis section plans and analysis sections are presented as Sheets IIIE-A-7 through
IIE-A-14, and the SLIDE2 output files and results are presented in Appendix IIIE-A-
3.
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5. Using the worst case section analyzed for the stability analysis above (Section B-B), develop the
minimum strength parameters required to obtain the minimum required stability factors of safety
(for peak and residual strength of block failures along the geosynthetic liner interfaces). This
information will be used during future conformance testing during landfill cell design and
construction to qualify selected geosynthetic materials. The Conformance Testing Requirements
worksheet is provided in Appendix IIIE-A-5.

6. Evaluate the stability of the proposed bottom and overliner systems and the final cover system
using infinite slope stability analysis. The results of the infinite slope stability analyses are
presented in Appendix [ITE-A-4.

a. Verify that the tensile stress in the liner system will be less than the yield stress by
using Koerner's method (reference 4) for determination of shear stress in liner systems
considering cohesion/adhesion forces.

b. Provide anchor trench design considering pullout of the geomembrane (incorporated
into the bottom liner infinite slope stability analysis).

c. Use Duncan and Buchignani's method for infinite stability analyses to evaluate the
internal stability of the liner systems.

References: 1. Duncan, J.M. and Buchignani, A.L., An Engineering Manual for Slope Stability Studies,
Department of Civil Engineering-University of California-Berkeley, 1975.
2. TRI, Interface Friction/Direct Shear Testing & Slope Stability Issues. Short Course,
November 12-13, 1998. Austin, Texas.
3. US Army Corps of Engineers, Slope Stability , Engineering and Design Manual, EM 1110-2-1902,
October 31, 2003.

. Koerner, Robert M., Designing with Geosynthetics , 5th Ed., Prentice-Hall, Inc., 2005.

. SLIDE 2 (computer program for slope stability analyses), Rocscience Inc.

. Das, Braja M., Principles of Geotechnical Engineering , 5th Ed., Brooks/Cole, 2002.

. Gilbert, Robert B, Peak Versus Residual Strength for Waste Containment Systems, Proceedings
the 15th GRI Conference on Hot Topics in Geosynthetics-IT (Peak/Residual; RECMs; Installation;
Concerns)

8. Cetco Lining Technologies, Laboratory Data Reports, Bentomat Direct Shear Testing Summary,

Summary of Bentomat Direct Shear Test Data Internal, Revised 08/02
9. Bouzza, A., Zomberg, J.G., and Adam, D. Geosynthetics in Waste Containment Facilities:
Recent Advances , 2002. '

N O

Solution: A. Slope stability analyses of the proposed slopes.

1. The locations of the critical sections selected for the stability analysis for the proposed slopes are
shown on Sheets IIIE-A-7 and IITE-A-8. Sections analyzed are also shown with the most critical
failure surfaces for each of the analyses performed and the resulting factors of safety.
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. The soil profile used for each analysis was based on boring log data from previous site

investigations from the undeveloped area of the site and the geologic cross sections (see Appendix
IIIG-Geology Report). Generalized soil profiles for the site also are shown in Appendix IIIG-
Geology Report of this application.

. A summary table (IIIE-A-1) presents the assumed material weight and strength properties for the

analyses performed for this appendix.

. The material weight and strength parameter determination for each material type was based on

laboratory testing results (Atterberg limits, natural moisture content, unit weight, percent finer than
#200 sieve, and Standard Proctor), industry references and engineering judgment based on
previous experience with similar materials. Laboratory testing results from previous investigations
are included in Appendix IITE-C.

. The output from the slope stability analyses are presented in table IITE-A-2, below.

. Infinite slope stability of the proposed bottom liner, overliner, and final cover systems.

" The anchor trench design for bottom liner installations is provided on Sheets IIIE-A-4-7 and 8.

- Infinite slope stability analysis of the bottom liner system is provided on Sheets IIIE-A-4-9

through 12.

- Infinite slope stability analysis of the overliner system is provided on Sheets IIIE-A-13 through

16.

- Infinite slope stability analysis of the final cover system is provided on Sheets IIIE-A-17 through

20.

Conclusion: Based on the slope stability analyses provided in this Appendix, the proposed critical slopes for the

excavation, overliner, and final cover conditions have adquate factors of safety to be considered stable.
In addition, the infinite stability analysis demonstrates that the proposed liner system has adequate
factors of safety to be considered stable. Lastly, this appendix presents the minimum strength
parameters to be used during future cell and closure designs in selecting the appropriate liner and
cover system components and geosynthetics.
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NOTES:

T«

2.

EXISTING CONTOURS AND ELEVATIONS PROVIDED BY COOPER AERIAL
SURVEYS, CO FROM AERIAL PHOTOGRAPHY FLOWN 11-16-2020.

EXCAVATION SLOPES AND SLOPES OUTSIDE THE LIMIT OF WASTE (e.g.,
CHANNELS) ARE TYPICALLY 3H:1V.

3. REFER TO APPENDIX IlIC FOR LEACHATE STORAGE INFORMATION.
4. ELEVATION of DEEPEST EXCAVATION AT THE LCS SUMP IS 424.5 FT—-MSL.

. SEQUENCE OF SITE DEVELOPMENT IS PROVIDED IN PARTS I/II,

APPENDIX |/IIA DRAWINGS 1/11A.4 THROUGH I/11A.7.

. REFER TO APPENDIX IIIF FOR DRAINAGE DESIGN INFORMATION.
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21\PART IIN\IIE\SHEET I1IE-A-8.dwg, jwilson, 1
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3\404\EXPANSION

o

0:\00:

NOTES:

1. EXISTING CONTOURS AND ELEVATIONS PROVIDED BY COOPER AERIAL SURVEYS,

CO. FROM AERIAL PHOTOGRAPHY FLOWN 11-16-2020.
2. PERMIT BOUNDARY PROVIDED BY GOLDER ASSOCIATES, INC.

3. REFER TO APPENDIX IIIF-SURFACE WATER DRAINAGE PLAN FOR DRAINAGE

DESIGN INFORMATION.

4. MAXIMUM FINAL COVER ELEVATION IS 759 FT—MSL.
MAXIMUM TOP OF WASTE ELEVATION IS 757 FT—MSL.

5. TYPICAL SIDESLOPES ARE 4H:1V, TYPICAL TOPSLOPE IS 5%.
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APPENDIX llIE-A-1

LANDFILL EXCAVATION CONFIGURATION
STABILITY ANALYSIS
SLIDE2 OUTPUT FILES

Includes pages IlIE-A-1-1 through IlIE-A-1-21
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SLOPE STABILITY SECTION A-A
SLIDE2 OUTPUT RESULTS

HIE-A-1-1
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Slide Analysis Information

Effective_Circular_Section_F

Project Summary

File Name: Effective_Circular_Section_F.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.677s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM

IIIE-A-1-3



Effective_Circular_Section_F Thursday, December 23, 2021

Analysis Options

Slices Type:

Number of slices: 50
Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes

Create Interslice boundaries at intersections with water

tables and piezos: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

2/4
IIIE-A-1-4



Effective_Circular_Section_F

Materials

COMPACTED FILL
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]

Saturated Unit Weight [Ibs/ft3]

Unconfined Compressive Strength (intact) [psf]
GSI

mi

Disturbance

Water Surface

Hu Value

Mohr-Coulomb
125

130

200

20

None

0

Mohr-Coulomb
135

140

2000

40

Water Table

1

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

1

[IIE-A-1-5

Thursday, December 23, 2021

3/4



Effective_Circular_Section_F Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Center: . 68.857, 572.486

Radius: 129.226

Left Slip Surface Endpoint: 41,412, 446.208
Right Slip Surface Endpoint: 162.086, 483.000
Resisting Moment: 1.25574e+07 Ib-ft
Driving Moment: 7.1954e+06 Ib-ft
Total Slice Area: 1576.12 ft2
Surface Horizontal Width: 120.674 ft
Surface Average Height: 13.061 ft

4/4
IIE-A-1-6
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Slide Analysis Information

Total_Circular_Section_F

Project Summary

File Name: Total_Circular_Section_F.slmd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.694s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM

I1IE-A-1-8



Total_Circular_Section_F Thursday, December 23, 2021

Analysis Options

Slices Type:

Number of slices:

Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Yes
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

2/4
[1IE-A-1-9



Total_Circular_Section_F

_Materials

COMPACTED FILL
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]

Unconfined Compressive Strength (intact) [psf]

GSI

mi
Disturbance
Water Surface
Hu Value

Mohr-Coulomb
125

130

2000

0

None

0

Mohr-Coulomb
135

140

4000

0

Water Table

1

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

1

[1IE-A-1-10

Thursday, December 23, 2021
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Total_Circular_Section_F Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Center: 96.344, 563.250
Radius: 129.271

Left Slip Surface Endpoint: 41,462, 446.208
Right Slip Surface Endpoint: 197.689, 483.000
Resisting. Moment: 4.47672e+07 Ib-ft
Driving Moment: 1.3422%e+07 Ib-ft
Total Slice Area: 3888.97 ft2
Surface Horizontal Width: 156.226 ft
Surface Average Height: 24.8932 ft

4/4
[IIE-A-1-11 /
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Slide Analysis Information

Effective_Circular_Section_F

Project Summary

File Name: Effective_Circular_Section_F.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.683s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM

[IIE-A-1-13



Effective_Circular_Section_F Thursday, December 23, 2021

Analysis Options

Number of slices:

Tolerance:

Maximum number of iterations:

Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Yes
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

2/4
[IE-A-1-14



Effective_Circular_Section_F

_Materials

COMPACTED FILL
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [lbs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]

Unconfined Compressive Strength (intact) [psf]

GSI

mi
Disturbance
Water Surface
Hu Value

Mohr-Coulomb
125

130

200

20

None

0

Mohr-Coulomb
135

140

2000

40

Water Table

1

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

1

IIIE-A-1-15

Thursday, December 23, 2021
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Effective_Circular_Section_F

Global Minimums

Thursday, December 23, 2021

Method: bishop simplified

Radius:

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:

Driving Moment:

Total Slice Area:

Surface Horizontal Width:
Surface Average Height:

.045, 591.89
157.906
196.693, 483.000
343.154, 437.287
2.09711e+07 Ib-ft
1.26611e+07 Ib-ft
2246 ft2

146.461 ft

15,3351 ft

1

IIIE-A-1-16

4/4
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Slide Analysis Information

Total_Circular_Section_F

Project Summary

File Name: Total_Circular_Section_F.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.725s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM

[1IE-A-1-18



Total_Circular_Section_F Thursday, December 23, 2021

Analysis Options

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Y

tables and piezos: €s

Initial trial value of FS: 1
Steffensen Iteration: Yes

IIIE-A-1-19 24



Total_Circular_Section_F

‘Materials

COMPACTED FILL
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value
UNWEATHERED SHALE

Color

Strength Type
Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]

Unconfined Compressive Strength (intact) [psf]

GSI

mi
Disturbance
Water Surface
Hu Value

Mohr-Coulomb
125

130

2000

0

None

0

Mohr-Coulomb
135

140

4000

0

Water Table

1

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

1

I1IE-A-1-20

Thursday, December 23, 2021
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Total_Circular_Section_F Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

' 270.486, 560.841

Center,

Radius: 126.858

Left Slip Surface Endpoint: 170.317, 483.000
Right Slip Surface Endpoint: 321.176, 444.550
Resisting Moment: 4.25237e+07 Ib-ft
Driving Moment: 1.28829e+07 Ib-ft
Total Slice Area: 3495.97 ft2
Surface Horizontal Width: 150.858 ft
Surface Average Height: 23,1739 ft

HIE-A-1-21 44



APPENDIX IlIE-A-2

OVERLINER SYSTEM LANDFILL CONFIGURATION
STABILITY ANALYSIS

SLIDE2 OUTPUT FILES

Includes pages llIE-A-2-1 through IIIE-A-2-50
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SLOPE STABILITY SECTION B-B — OVERLINER CONDITIONS
SLIDE2 OUTPUT RESULTS

[TIE-A-2-1
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Slide Analysis Information

Effective_Circular

Project Summary

File Name: Effective_Circular.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:01,286s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM
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Effective_Circular Thursday, December 23, 2021

Analysis Options

$iices Typ

) ishop simplified
Number of slices: 50
Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes

Create Interslice boundaries at intersections with water Yes
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

2/5
[IIE-A-2-4



Effective_Circular

_Materials

FC
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [lbs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [lbs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value
UNWEATHERED SHALE

Color

L]

Mohr-Coulomb
116

120

100

16

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

100

16

None

0

Mohr-Coulomb
125

130

200

20

None

0

Mohr-Coulomb
135

140

2000

40

Water Table

1

[1IE-A-2-5

Thursday, December 23, 2021

3/5



Effective_Circular

Strength Type

Unsaturated Unit Weight [Ibs/ft3]

Saturated Unit Weight [Ibs/ft3]

Unconfined Compressive Strength (intact) [psf]
GSI

mi

Disturbance

Water Surface

Hu Value

Shear Normal Functions

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

1

Thursday, December 23, 2021

Name: User Defined 1

0 500
208 500
417 500
625 500
626 406.53
834 541.61
1040 675.38
1250 811.76
2500 1623.52
25000 16235.2

[1IE-A-2-6
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Effective_Circular Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

256, 1097.415

Cénte}i ‘

Radius: 621.404

Left Slip Surface Endpoint: 920.593, 600.158
Right Slip Surface Endpoint: 1387.342, 483.175
Resisting Moment: 3.57163e+08 Ib-ft
Driving Moment: 1.60371e+08 ib-ft
Total Slice Area: 16001.5 ft2
Surface Horizontal Width: 466.749 ft
Surface Average Height: 34.2829 ft

5/5
IIE-A-2-7
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Slide Analysis Informatioh

Total_Circular

Project Summary

File Name: Total_Circular.stmd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:01.486s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM

ITIE-A-2-9



Total_Circular Thursday, December 23, 2021

Analysis Options

Slices Type: Vertical

Number of slices: 50
Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Yes
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

IIE-A-2-10 25



Total_Circular

_Materials

FC
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

=

Mohr-Coulomb
116

120

100

16

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

100

16

None

0

Mohr-Coulomb
125

130

2000

0

None

0

Mohr-Coulomb
135

140

4000

0

Water Table

1

IIIE-A-2-11

Thursday, December 23, 2021
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Total_Circular Thursday, December 23, 2021

Strength Type Generalized Hoek-Brown
Unsaturated Unit Weight [ibs/ft3] 135

Saturated Unit Weight [Ibs/ft3] 140

Unconfined Compressive Strength (intact) [psf] 50000

GSI 85

mi 6

Disturbance 1

Water Surface Water Table

Hu Value 1

Shear Normal Functions

d

0 500

208 500

417 500

625 500

626 406.53
834 541.61
1040 675.38
1250 811.76
2500 1623.52
25000 16235.2
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Total_Circular Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Center: 1300.234, 645.647

Radius: 172.105

Left Slip Surface Endpoint: 1164.463, 539.881
Right Slip Surface Endpoint: 1369.565, 488.124
Resisting Moment: 3.25785e+07 Ib-ft
Driving Moment: 1.37779e+07 Ib-ft
Total Slice Area: 5331.33 ft2
Surface Horizontal Width: 205,102 ft

Surface Average Height: 25.9936 ft
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Slide Analysis Information

Peak_Block

Project Summary

File Name: Peak_Block.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.601s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM
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Peak_Block Thursday, December 23, 2021

Analysis Options

Slices Type:

Number of slices:

Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Yes
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

2/5
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Peak_Block

_Materials

FC
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value
WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

L]

Mohr-Coulomb
116

120

100

16

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

100

16

None

0

Mohr-Coulomb
125

130

200

20

None

0

Mohr-Coulomb
135

140

2000

40

Water Table

1

I1IE-A-2-17
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Peak_Block Thursday, December 23, 2021

Strength Type Generalized Hoek-Brown
Unsaturated Unit Weight [Ibs/ft3] 135

Saturated Unit Weight [Ibs/ft3] 140

Unconfined Compressive Strength (intact) [psf] 50000

GSI 85

mi 6

Disturbance 1

Water Surface Water Table

Hu Value 1

Shear Normal Functions

Name: User Defined 1

0 500
208 500
417 500
625 500
626 406.53
834 541.61
1040 675.38
1250 811.76
2500 1623.52
25000 16235.2

4/5
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Peak_Block Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Axis Location: 1149.299, 1495.172

Left Slip Surface Endpoint: 477.824, 709.595
Right Slip Surface Endpoint: 1374.875, 486.645
Resisting Moment: 1.9074e+09 Ib-ft
Driving Moment: 1.01164e+09 Ib-ft
Total Slice Area: 71863.9 ft2
Surface Horizontal Width: 897.051 ft

Surface Average Height: 80.1112 ft

5
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Slide Analysis Information

Residual_Block

Project Summary

File Name: Residual_Block.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.642s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM
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Residual_Block Thursday, December 23, 2021

Analysis Options

Slices Type: Vertical

Number of slices: 50
Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes

Create Interslice boundaries at intersections with water

tables and piezos: Yes
Initial trial value of FS: 1
Steffensen Iteration: Yes

IIE-A-2-22 25



Residual_Block

_Materials

FC
Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

UNWEATHERED SHALE

Color

=

Mohr-Coulomb
116

120

100

12

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

80

10

None

0

Mohr-Coulomb
125

130

200

20

None

0

Mohr-Coulomb
135

140

2000

40

Water Table

1

I11E-A-2-23
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Residual_Block

Strength Type

Unsaturated Unit Weight [Ibs/ft3]

Saturated Unit Weight [ibs/ft3]

Unconfined Compressive Strength (intact) [psf]
GSI

mi

Disturbance

Water Surface

Hu Value

Shear Normal Functions

Generalized Hoek-Brown
135

140

50000

85

6

1

Water Table

i

Thursday, December 23, 2021

Defined 1

500

500

500

500
406.53
541.61
675.38
811.76
1623.52
16235.2

IIIE-A-2-24
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Residual_Block Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Axis Location: 1169.487, 1420.914
Left Slip Surface Endpoint: 546.655, 692.582
Right Slip Surface Endpoint: 1378.453, 485.650
Resisting Moment: 1.13374e+09 Ib-ft
Driving Moment: 7.90934e+08 Ib-ft
Total Slice Area: 61698.9 ft2

Surface Horizontal Width: 831,798 ft

Surface Average Height: 74,1753 ft
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SLOPE STABILITY SECTION C-C— OVERLINER CONDITIONS
SLIDE2 OUTPUT RESULTS

IIIE-A-2-26
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Slide Analysis Information

Effective_Circular_Section_C

Project Summary

File Name: Effective_Circular_Section_C.slmd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.945s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM
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Effective_Circular_Section_C Thursday, December 23, 2021

Analysis Options

es

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2: Yes
Create Interslice boundaries at intersections with water Y

tables and piezos: es

Initial trial value of FS: 1
Steffensen Iteration: Yes
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Effective_Circular_Section_C

Materials

FC
Color

Strength Type

Unsaturated Unit Weight [lbs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

ALLUVIUM

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

[

Mohr-Coulomb
116

120

100

16

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

100

16

None

0

Mohr-Coulomb
125

130

600

22

Water Table

1

Mohr-Coulomb
125

130

200

20

None

0

I11E-A-2-30
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Effective_Circular_Section_C

Thursday, December 23, 2021

Strength Type Mohr-Coulomb
Unsaturated Unit Weight [Ibs/ft3] 135
Saturated Unit Weight [Ibs/ft3] 140
Cohesion [psf] 2000
Friction Angle [deg] 40
Water Surface Water Table
Hu Value 1
UN HERED SHALE G
Color -
Strength Type Generalized Hoek-Brown
Unsaturated Unit Weight [lbs/ft3] 135
Saturated Unit Weight [Ibs/ft3] 140
Unconfined Compressive Strength (intact) [psf] 50000
GSI 85
mi 6
Disturbance 1
Water Surface Water Table
Hu Value 1
Shear Normal Functions

Name: User Defined 1

Effective Normal (psf) Shear (psf)

0 500

208 500

417 500

625 500

626 406.53

834 541.61

1040 675.38

1250 811.76

2500 1623.52

25000 16235.2

IIIE-A-2-31
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Effective_Circular_Section_C Thursday, December 23, 2021

Global Minimums
Method: bishop simplified

Center: 9

. 4
Radius: 1094.999
Left Slip Surface Endpoint: 168.126, 742.173
Right Slip Surface Endpoint: 1253.319, 483.023
Resisting Moment: 4.83902e+09 Ib-ft
Driving Moment: 1.86821e+09 Ib-ft
Total Slice Area: 117953 ft2
Surface Horizontal Width: 1085.19 ft
Surface Average Height: 108.693 ft

I1IE-A-2-32 o
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Slide Analysis Information

Total_Circular_Section_C

Project Summary

File Name: Total_Circular_Section_C.simd

Slide Modeler Version: 9.018

Compute Time: 00h:00m:00.960s

Project Title: SLIDE - An Interactive Slope Stability Program
Date Created: 12/16/2021, 3:01:16 PM
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Total_Circular_Section_C

Thursday, December 23, 2021

Analysis Options

BiShop simplified

Number of slices: 50
Tolerance: 0.005
Maximum number of iterations: 75
Check malpha < 0.2: Yes

Create Interslice boundaries at intersections with water
tables and piezos:

Initial trial value of FS: 1
Steffensen Iteration: Yes

Yes

[IIE-A-2-35
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Total_Circular_Section_C

_Materials

FC
Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WASTE

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Water Surface

Ru Value

LINER

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

ALLUVIUM

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Hu Value

COMPACTED FILL

Color

Strength Type

Unsaturated Unit Weight [Ibs/ft3]
Saturated Unit Weight [Ibs/ft3]
Cohesion [psf]

Friction Angle [deg]

Water Surface

Ru Value

WEATHERED SHALE

Color

[l

Mohr-Coulomb
116

120

100

16

None

0

Shear Normal function
65

65

None

0

Mohr-Coulomb
120

124

100

16

None

0

Mohr-Coulomb
125

130

3500

0

Water Table

1

Mohr-Coulomb
125

130

2000

0

None

0
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Total_Circular_Section_C

Strength Type

Thursday, December 23, 2021

Mohr-Coulomb
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