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S. A. DUNN C&D FACILITY
PERMIT RENEWAL/MODIFICATION APPLICATION
SLOPE STABILITY EVALUATION

INTRODUCTION

This narrative provides a description of the slope stability evaluation performed to evaluate the
stability of the landfill incorporating the mechanically stabilized earth (MSE) wall along the
northern perimeter, as well as recent revisions to the operational sequencing and final grading
configurations for the S. A. Dunn C&D Facility (Dunn). The landfill is located in Rensselaer
County, New York. The evaluation includes an analysis of the stability of the liner system and the
construction and demolition (C&D) waste fill slopes that will exist during operation of the site.

Slope stability models were evaluated using SLIDE, a slope stability modeling software to evaluate
various conditions. Each model requires inputs related to landfill geometry and physical properties
of the various construction materials and waste. The following sections describe the properties
developed for use in the stability models.

BASE LINER SYSTEM AND LANDFILL GEOMETRY

The base liner system will consist of the following components from top to bottom:

5 foot thick select fill sand layer;

24 inches of pea gravel drainage layer material;

16-ounce non-woven geotextile;

60-mil textured high density polyethylene (HDPE) geomembrane;
24 inches of low permeability soil; and

Subgrade.

S S

DESIGN PARAMETERS FOR SOIL COMPONENTS

Shear strength and unit weight properties for the drainage layer, low permeability soil, and
subgrade soil materials were obtained from lab results for sand materials from 2015 construction
at the landfill.

Table 1
Soil Components Material Property Summary

Material Moist unit weight Internal friction angle Cohesion

(peh) (deg) (psf)
Select Fill Sand 132.8 33.8 107
Pea Gravel Layer 132.8 33.8 107
Low Permeability Soil 118.5 17.4 67
Subgrade Soil 127 30.6 31
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DESIGN PARAMETERS FOR C&D WASTE

Several references were reviewed to develop shear strength and unit weight properties for C&D
waste. These references showed internal friction angles for C&D waste ranging from 35 to 42
degrees, and cohesion ranging from 0 to 3,500 pounds per square foot (psf). Based on a review of
the reference material, a composite shear strength envelope was used to model the parameters of
the C&D waste, as follows:

C&D Waste at Normal Stresses < 2,000 psf
Unit weight = 60 pcf

Internal Friction Angle = 35°

Cohesion =0

C&D Waste at Normal Stresses > 2,000 psf
Unit weight = 60 pcf

Internal Friction Angle = 33°

Cohesion =0

GEOSYNTHETIC INTERFACE SHEAR STRENGTH PROPERTIES

The minimum acceptable interface shear strength properties for the base liner system to provide a
FS of at least 1.50 was determined for interim slope stability during waste filling operations, per
6 CRR-NY 366-4.3(c)(3)(ii1) of the New York Solid Waste Management Facilities Regulations.
As such, this evaluation provides conformance test interface shear strength criteria for the base
liner system components to be installed in the remaining phases of the landfill. These criteria can
be used to evaluate the shear strength of various interfaces during pre-construction activities to
verify the materials supplied for cell construction will provide a factor of safety equal to or greater
than (FS >) 1.50.

Static Slope Stability Analysis

An analysis was performed to evaluate stability of the liner system and the C&D waste mass of
the critical waste fill slope-grading configuration under interim and final conditions. Per
inspection of the subgrade development and waste filling plans, CEC anticipates the critical
interim waste fill slope will occur during Phase 9 waste filling. Three (3) cross sections were used
to evaluate slope stability under final conditions. The location of this cross-sections is shown in
the attached Static Slope Stability Calculation Brief.

The slope stability analyses include a piezometric surface located 1 foot above the base of the
geosynthetic interface layer (i.e., within the sand drainage layer) in order to represent the maximum
allowable hydraulic design pressure that is allowed to accumulate above the liner system.

Failures within the liner system were evaluated to determine the minimum interface friction angle
required of the liner system to provide a FS > 1.50. Results of the analysis show that an adequate
factor of safety can be achieved during interim waste conditions with a minimum peak and large
displacement interface friction value of 12 degrees (°) for all geosynthetic interfaces.
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The conditions being modeled contains a broad range of normal loads being applied to the liner
system. Thus, for interim and overall slope stability confirmation, the interface shear strength
conformance tests should be conducted over a range of normal loads, and results should be
evaluated against the information in Table 2 below.

Additionally, a veneer stability analysis performed as part of the 2018 footprint modification
evaluated stability of the liner system during and immediately after construction. This evaluation
included shear strength requirements under lower normal loads. As such, these previously
provided shear strengths requirements for lower normal loads (i.e., 500 psf) have been included in
the Table 2 below.

Table 2
Shear Strength Conformance Requirements for Liner System

Peak/Large-Displacement
Interface Normal Stress o (psf) Shear Strength) t (psf)
Geosynthetic 500 (from previous evaluation) | 233 (from previous evaluation)
Interfaces above the 2,500 531
Geomembrane 5,000 1,063
10,000 2,126
Geosynthetic 500 (from previous evaluation) | 212 (from previous evaluation)
Interfaces below the 2,500 531
Geomembrane 5,000 1,063
10,000 2,126

Notes:

1. Peak/Large displacement shear strengths are provided in both friction angle and shear
stress at the specified normal stress. Shear stress is calculated using the equation: t=c +
(otan ¢) where c equals cohesion or adhesion. Exceeding either the required friction angle
with cohesion/adhesion equal to zero or the large displacement shear stress at the required
normal load is acceptable.

2. For lab testing, low permeability soils shall be compacted to 85 maximum dry density and
+2 percent of the optimum moisture content as determined by modified Proctor compaction
test. Drainage layer sand shall be compacted to a dry density at a specified permeability.
Geosynthetic materials shall be oriented in the machine direction. Shear rate shall be 0.04
inches per minute (in/min).

Additionally, the slope stability cross sections were analyzed to encompass failures in the waste
mass. Using the waste and soil shear strength properties described above, a failure analysis of the
interim and final grading configurations was performed to estimate the FS with respect to failures
within the waste mass. Note, for this analysis, the geosynthetic liner system was excluded in order
to limit the failure searches to the waste mass. A minimum FS of 1.50 is required by §363-
4.3(c)(3)(ii1) of the New York State solid waste regulations for the interim waste slopes. As shown
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in the results in the attached calculation briefs, all of the calculated FS’s were greater than 1.50,
and therefore acceptable.

Seismic Slope Stability Analysis

6 CRR-NY 366-4.3(d)(i) requires a seismic analysis be performed if the landfill is located in a
seismic impact zone. Per this section of the Regulations, a seismic impact zone is defined as an
area with a 10 percent or greater probability that the maximum horizontal acceleration in lithified
earth material, expressed as a percentage of the earth’s gravitational pull (g), will exceed 0.10g in
250 years.

As such, an evaluation was performed to determine if the S. A. Dunn Landfill is located in a
seismic impact zone. This evaluation was performed using the American Society of Civil
Engineers (ASCE) 7 Hazard Tool to evaluate the maximum horizontal acceleration for the
probability and return interval described above. Using this tool, the maximum horizontal
acceleration for the location of the S. A. Dunn C&D Landfill is 0.105g (hazard tool output is
included with attached calculation brief). As such, a seismic slope stability analysis is warranted.
Per the Regulations, a minimum long-term FS > 1.0 is required using the seismic coefficient.

To be conservative, the seismic coefficient was based on an amplified maximum horizontal
acceleration to account for acceleration amplification during a seismic event from the free field
PGA through the waste mass. This resulted in an amplified PGA of 0.15g and a seismic coefficient
of 0.075g.

As shown in the attached Seismic slope stability calculation brief, the calculated FS’s are all greater
than 1.0. As such, the interim and final grading configuration at Dunn is considered stable relative
to the peak ground acceleration of 0.15g.

Summary

In summary, the calculated FS’s indicate that the overall and interim grading conditions for Dunn
will be stable under static and seismic conditions. Laboratory interface shear strength conformance
testing should be performed on the specific products to be used in each construction increment to
verify the materials used in construction of the landfill liner system are consistent with the shear
strength properties listed in Table 2.
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OBJECTIVE:

CALCULATION BRIEF

S.A. DUNN C&D LANDFILL
PERMIT RENEWAL/MODIFICATION APPLICATION
STATIC SLOPE STABILITY

Evaluate the final and interim (i.e., during waste placement) slope configurations
with respect to static slope stability at the S.A.Dunn Landfill (Dunn). This
evaluation will incorporate the recent operational sequencing modification,
addition of the northern mechanically stabilized earth (MSE) wall, and minor
revisions to the permitted final grading configuration. The analyses will encompass
failure surfaces within the construction and demolition (C&D) waste mass and base
liner system. Seismic conditions are evaluated in a separate calculation brief.

METHODOLOGY: Use the slope stability computer software SLIDE (Ref. No. 1) to evaluate slope

REFERENCES:

stability by means of evaluating failure surfaces along the liner system and within
the waste mass under static conditions.

1. Rocscience, Inc. (2021) “SLIDE,” Version 9.020.

2. S.A.Dunn Sand & Gravel, Proposed Mined Land Use Plan Modification/C&D
Landfill Project, prepared by C.T. Male Associates, P.C., amended by
Sanborn, Head Engineering, P.C., last revised December 14, 2011.

3.  ASTM D5321 Direct Shear (500, 5,000, 10,000 psf) results for Sand and Clay
by RSA GEOLAB, LLC, July 2015

4. Waste Materials in Construction (pp. 225-231), edited by Th.G. Aalbers,
J.J.J.M. Goumans, and H.A. van der Sloot, 1991.

5. Construction Demolition Waste (pp. 150-154), edited by Mukesh C.
Limbachiya and J. J. Roberts, 2004.

6. Proceedings of the First International Conference on Construction Materials
and Structures (p. 591), edited by Steven O. Ekolu, Morgan Dundu, and
Xiaojian Gao, 2014.

7. Kavazanjian, E. Jr., et al, “Evaluation of MSW Properties for Seismic
Analysis,” Geoenvironment 2000, ASCE Geotechnical Special Publication
No. 46, 1995.
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8.  “S.A.Dunn C&D Landfill; Operational Sequencing Modification; Static Slope
Stability Evaluation”, Civil Environmental Consultants, Inc., prepared July
2021.

STATIC ANALYSIS:

The static slope stability analysis to evaluate the addition of the northern MSE wall, as well as a modified
operational sequencing and final grading for Dunn, was performed using three (3) cross sections that pass
through the final grades and one (1) cross-section that passes through the critical interim waste slope
configuration.

The overall stability cross sections that pass through the final grading configuration were selected to
represent the longest and steepest sections of the final grades. Base and final grading configurations for
the overall slope stability cross-section locations are shown on the attached Figures 1 and 3, respectively.

The critical interim waste slope was determined based on a review of the proposed filling and subgrade
development plan drawings. The proposed phasing for Dunn includes relatively long 3 horizontal to 1
vertical (3H:1V) interim waste fill slopes that terminate along relatively flat portions (approximately 2%
slope) of the permitted base grades. Due to the relatively flat and consistent configuration of the base
grades, the critical interim waste slope occurs at the longest steepest 3H:1V interim waste fill slope. The
longest steepest 3H:1V interim waste fill slope occurs during the filling of Phase 9 and Phase 10C. As
such, the critical interim waste slope was evaluated to represent landfill conditions as of development of
Phase 9. The interim grading configuration for the Phase 9 filling with the stability cross section is shown
on the attached Figures 2.

The stability of the landfill largely depends on the shear strength properties of the soils, waste, and
geosynthetic interfaces of the components used in its construction and operation. This analysis
incorporates several design parameters for C&D waste and the Critical Liner System Interface used in
Reference Number (Ref. No.) 2, and laboratory results for stockpiled sources of drainage sand, low
permeability soil, and subgrade soils that were used during previous landfill cell construction events (Ref.
No. 3). The laboratory results are included in an attachment to this calculation brief. Material properties
used in this slope stability evaluation are further summarized below:

Shear Strength and Unit Weight Properties of Select Fill Sand Laver, Pea Gravel Drainage Laver (Ref.
No. 3):

Moist Unit Weight = 132.8 pcf

Angle of Internal Friction (¢) = 33.8 degrees
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Cohesion (¢) = 107 pounds per square foot (psf)

Shear Strength and Unit Weight Properties of Low Permeability Soil (Ref. No. 3):

Moist Unit Weight = 118.5 pcf
¢ = 17.4 degrees
c =67 psf

Shear Strength and Unit Weight Properties of Subgrade Soil (Ref. No. 3):

Moist Unit Weight = 127 pcf
¢ = 30.6 degrees
c =31 psf

Shear Strength for and Unit Weight Properties of Waste:

C&D Unit Weight = 60 pounds per cubic foot (pcf) [Ref. No. 2]
Shear strength properties for the C&D waste material were determined using data from Ref. Nos. 4, 5, and
6, as well as typical municipal solid waste (MSW) properties (Ref. No. 7) for comparison. The table and

graph below present the peak shear strength properties determined for the various waste materials.

Table 1 — Waste Shear Strength Properties

C&D Waste - | C&D Waste - | C&D Waste -
Source 1 Source 2 Source 3 Typical
(Ref. No. 4) (Ref. No. 5) (Ref. No. 6) MSW
0Ofor0<o<
. 500 psf,
Friction Angle (degrees) 42 35 42 13 for 6 > 500
psf
500 pst for 0 <
. G <500 psf, 0
Cohesion (psf) 0 0 3,500 for 6 > 500
psf
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S.A. Dunn Landfill
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As shown in the above graph, a composite curve was developed to represent the lowest anticipated peak
shear strength properties of the C&D waste at different normal stresses. These normal and shear stress
parameters were then input into the SLIDE program to model the C&D waste mass.

Additionally, this slope stability analysis includes a piezometric surface located 1 foot above the base of
the geosynthetic interface layer (i.e., within the sand drainage layer) in order to represent the maximum
allowable design pressure that is allowed to accumulate above the liner system.
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Shear Strength for and Unit Weight Properties for the Critical Liner System Interface

The Dunn base liner system will consist of the following (listed from top to bottom):

e S-foot thick select fill sand layer;

24-inch pea gravel drainage layer;

16 ounce non-woven geotextile;

60-mil textured high density polyethylene (HDPE) geomembrane; and
24-inch subbase comprised of low permeability soil.

The critical liner system interface was modeled with the following unit weight properties:
Critical Liner System Interface Unit Weight = 60 pcf [Typical]

The critical liner system interface was modeled using a cohesion value of 0 psf, and the friction angle was
varied to determine the minimum allowable friction angle required to obtain a Factor of Safety (FS) of
1.5. The critical liner system interface value is defined as the value that produces a minimum FS of 1.5,
required by §363-4.3(c)(3)(iii) of the New York State solid waste regulations. Results of the analyses are
presented through the remainder of this calculation brief.

STATIC SLOPE STABILITY ANALYSIS RESULTS

“Failure along the Liner System” Analysis

The cross sections were analyzed to determine the minimum friction angle required for the critical liner
system interface to obtain an adequate Factor of Safety. The Cross Section D was controlling, therefore
the liner interface strengths for the other cross sections were also analyzed using a similar interface friction

angle. The results of the analyses are as follows:

Table 2 — “Failure along the Liner System” Analysis Results

Cross Section Failure Location Interf;c;:gll?:iction l(?;ifgl;g;siif;:{
A Liner System 12° 2.23
B Liner System 12° 2.11
C Liner System 12° 3.45

D (Interim) Liner System 12° 1.59 (Controlling)
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Outputs from the SLIDE program for the static slope stability analyses are included at the end of this
calculation brief.

Based on the values listed above, the required shear strengths that correspond to the above friction angles
can be determined over a range of normal loads from the following equation:

T = otang

With: T = shear strength [pounds per square feet (psf)]
o = normal strength (psf)
¢ = interface friction [degrees (deg)]

Thus, for interim stability confirmation, the interface shear strength conformance tests should be
conducted over a range of normal loads, and results should be evaluated against the values in Table 3
below. Please note, interface shear strength conformance values are for both the peak large-displacement
shear strength test results.

Table 3 — Shear Strength Conformance Requirements

Peak/Large-
Normal Stress o Displacement Shear
Interface (psf) Strength® 1 (psf)
. 2,500 531
All Oeosynthetic 5,000 1,063
10,000 2,126

Notes:

1. Peak/Large displacement shear strengths are provided in both friction angle and shear stress at the
specified normal stress. Shear stress is calculated using the equation: t = ¢ + (ctan ¢) where ¢
equals cohesion or adhesion. Exceeding either the required friction angle with cohesion/adhesion
equal to zero or the large displacement shear stress at the required normal load is acceptable.

“Failure in the Waste” Analysis

The slope stability cross-sections were also analyzed to encompass critical locations and combinations of
waste mass, base grades, and interim grades. Using the waste and soil shear strength properties described
above, a failure analysis of the final and interim grading configurations was performed to estimate the FS
with respect to failures within the waste mass. Note, for this analysis, the geosynthetic liner system was
excluded in order to limit the failure searches to the waste mass. A minimum FS of 1.5 is required by
§363-4.3(c)(3)(iii) of the New York State solid waste regulations for the interim waste slopes. Results of
the analyses are presented in Table 4 below.




LEL

Civil & Environmental Consultants, Inc.

PROJECT S.A. Dunn C&D Landfill PROJECT NO. 182-442

Permit Renewal/Modification Application PAGE 7 OF 7

Static Slope Stability Evaluation

MADE BY Z1L.M DATE 1/6/2022 CHECKED BY TDM DATE  1/9/2022

Table 4 — “Failure in the Waste” Analysis Results

Cross-Section Failure Location I(T;;T;n;z(flsiﬁt;t;’
A C&D Waste Mass 2.11
B C&D Waste Mass 2.11
C C&D Waste Mass 2.47
D (Interim) C&D Waste Mass 1.57

CONCLUSIONS: Laboratory interface shear strength conformance testing should be performed on
the specific products to be used in each construction increment to verify the
materials used in construction of the landfill liner system are consistent with the
shear strength properties listed in Table 3 above. Additionally, the final and interim
grading configurations are stable with respect to failure in the waste mass under
static conditions.
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Figure 3 - Permitted Final Grade Configuration

Section A

Section B

Section C

Section D




DIRECT SHEAR STRENGTH RESULTS
SITE SOILS
S.A. DUNN C&D LANDFILL




0.00012[ T T T[T T T I T TIT 1T 600
~0.00008 -
¢ 0 O A O O S |
= T
g -0.00004 | - 1541— tT x% 400
B mten] | AR 1 4 30 5 L |
E EN RN NS SN e
! 11 w
% A 1 0 R Y & & |
- LR EEENEEEENEREN T |
8 Y i 58 T g5 , ‘
T 000004 a e ® % 200
> 1] ; 16 5 0 1 0 B 55 15| ‘
1 ._!._.‘. | O I | | | |_.‘ ‘
it ] ) () O | I Y i
0.00008 i [ | ) 0 Y 3 ]
1 T
o012 1 J_l 1 I )
; 8 0 T X 0
0 25 5 75 10 0 200 400 600
Strain, % Normal Stress, psf
600 FEE - T Sample No. 1
Water Content, % 4.8
500 Dry Density, pcf 113.1
S | Saturation, % 25.5
w400 £ | Void Ratio 0.5127
Q Side Length, in. 4.00
2 i Height, in. 1.00
& 300 | 93 Water Content, % 17.0
3 1 _ | Dry Density, pcf 113.2
] ) & ion, 9 912
200 —! 2 | Saturation, % :
/INEE R % | Void Ratio 0.5115
EEEE - Side Length, in. 4.00
100 JlLiL'; B Height, in. 1.00
50 I O 0 S Normal Stress, psf 500
P A i Fail. Stress, psf 486
0 25 5 7.5 10 Strain, % 5.0
Strain, % Ult. Stress, psf 405
Strain, % 8.1
Strain rate, in./min. 0.008

LL=NV

Figure

Tested By: KK

Sample Type: ASTM D3080
Description: Dark Brown poorly graded sand

Pl= NP

Assumed Specific Gravity=2.74
Remarks: Recompacted sample. -3/8" material
tested. Tested with water in box.

Sample Number: SIFT-3

Proj. No.: 848

Client: Civil Environmental Consultants, Ing.
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Project: Dunn Landfill 151-336 SA

Date Sampled: 8-4-15
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Sample Type: ASTM D3080
Description: Light Olive Brown lean clay

Pl=22

Assumed Specific Gravity= 2.72
Remarks: Recompacted sample. Tested with water

Proj. No.: 848

Client: Civil Environmental Consultants, Inc.
Project: Dunn Landfill 151-336 SA

Location: Sample #1 Brown Clay SW Slope Cell 1
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