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Project Name: WDI MC-VI-G4 through G7 Liner 
Grade Modification 

Client:  Wayne Disposal, Inc. 

Project Number: 1208070039.004 Project Manager: Chris Backus 
Project Location: Belleville, Michigan QA Manager:  
    

Calculation Sheet Information 
 

Calculation Medium:  Electronic  
  Hard copy Number of pages (including cover sheet):  
   
Title of Calculation: Slope Stability Analyses 
Calculation Originator: Mohammad Kabalan 
Calculation Contributors: Kazuhisa Matsuda, Rajan Ramya 
Calculation Checker: James Moseley, Kevin Foye 
  

Calculation Objective 
 

This calculation evaluates the stability of the proposed MC-VI-G at Wayne Disposal, Inc. (WDI) Landfill. The analyses 
include consideration of global slope stability for failures through the waste mass, along the liner system, and/or 
through the foundation soils at interim and final conditions. The analyses also determined the minimum required 
interface friction angle to attain a satisfactory factor of safety against failure at the liner system interface. Cross 
sections that are the most critical for analysis and design include cross sections with the steepest slopes and highest 
embankment (waste or soil) heights. The following critical cross sections were examined:  
 

1. Cross Section C-C’ oriented East-West and going through Cell MC VI-G4.  
2. Cross Section G-G’ oriented North-South and going through Cell MC VI-G6.  

 

Assumptions and Open Items 
 

1. Representative total and effective stress shear strength parameters were used for all layers in the profile. 
Material properties were retrieved from existing site data (NTH 2012) and are presented in Table 1. For slow-
draining clay soils, undrained shear strength (total stress analysis) was used because pore pressures 
accumulating during shear will not be able to dissipate in these soils. In contrast, drained strength parameters 
(effective stress analysis) were used for waste and granular soil layers because these materials will dissipate 
excess pore pressures during shear. Therefore, both undrained and drained shear strength parameters are 
used in the same slope stability analysis, depending on the layer being modeled. Strength properties for the 
lower clay were modeled as a relationship of undrained shear strength to vertical effective stress. An 
undrained shear strength to vertical effective stress ratio of 0.22 was used to calculate undrained shear 
strength for the lower clay in accordance with existing analyses (NTH 2012) to account for increases in clay 
shear strength resulting from increased overburden pressure. 
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Table 1: Material Properties 

Material Name Color in Profile 
Unit Wt(s) 

(pcf) 

Strength 
or  

(deg.) 
Strength 

C or Ca (psf) 
1 Final Cover (total stress analysis) Orange 135 0 1500 
2 Existing Waste (effective stress analysis) Teal 91 34 0 
3 New Waste (effective stress analysis) Light Green 103[A] 30 0 
4 Upper Clay (total stress analysis) Brown 130 0 1325 
5 Middle Clay (total stress analysis) Yellow 136 0 3000 
6 Lower Clay (total stress analysis) Maroon 128 0.22 v 
7 Silt (effective stress analysis) Blue 125 28 0 
8 Sand (effective stress analysis) Red 115 32 0 
9 Liner (floor) (effective stress analysis) Magenta 120 13.2 0 

10 Liner (sideslope)  
(effective stress analysis) 

Magenta 120 9 0 

Notes: 
[A] conservative (high) value of unit weight of waste was estimated from site survey data (see table below). Note that 
higher values of waste unit weight result in a lower FS because newly-placed waste imposes a greater driving load. 
All other properties obtained from NTH (2012) 
 

2. For liner system stability cases, the domain of the slip surfaces are defined so that a portion of the failure surface 
conforms to the liner system.  

3. Applicable data used in the analysis that was provided by third parties is assumed to be accurate.  
 

Site Waste Survey Data 
 Survey Years 2014 to 2021 

Tons received into the landfill 3,905,856 
Cubic yards airspace consumed 2,869,499 
Average Unit Weight (tons/cy) 1.36 

Average Unit Weight (pcf) 100.83 
 

Design Criteria/Design Basis  
 

1. The minimum allowable factor-of-safety (FS) against slope stability failures is 1.50 for final conditions and 1.30 
for interim conditions. 

2. The analyses were conducted using the computer program SLOPE/W within the software package GeoStudio 
2021 by GEOSLOPE International Ltd.  This program performs an automatic search to identify a critical failure 
surface that has the lowest FS value.   

3. The analyses were conducted using the Morgenstern-Price method, which considers both moment and force 
equilibrium. 

4. The geometry of the cross sections was derived from the engineering drawing set submitted as part of the 
permit mod package.  

5. The required/assumed interface friction angles shall be met by considering peak strength values for the cell 
floor and large-displacement strength values for the cell sideslopes.  
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Design Criteria/Design Basis  
6. The required minimum interface friction angle for the liner system components is determined under the final 

conditions (after final cover is installed). 
7. Due to the complex nature of the waste fill phasing during operation, the liner stability shall be evaluated 

based on the actual measurements of the interface friction angle for the liner system components and the 
design waste filling geometry for each phase. An example one such calculation was prepared to illustrate how 
to evaluate required minimum interface friction angle for the liner system components. This example analysis 
was performed on cross section C-C’ assuming an interim waste slope of 3H:1V.  

8. The example interim slope stability calculation performed for cross section C-C’ is considered a worst-case for 
translational slides on the cell floor because the analysis does not take credit for the stabilizing effect of any 
cell side slope or toe buttress resisting movement along the liner system. Therefore, for the conditions 
presented, interim slopes that are constructed no steeper than 3H:1V and with a bottom width no less than 
370 feet (measured from the toe of intercell berm to the interim face of the waste slope) shall be considered 
acceptable for waste filling operations. If tested values of the cell floor liner system interface strength vary 
from those presented, or the filling geometry deviates from this case, the interim slope shall be reevaluated 
according to this example to determine if the alternative waste filling geometry meets the stability criterion. 
Interim filling geometries that do meet the interim stability criterion shall be adjusted and reevaluated until 
acceptable FS values are obtained. 
 

Results/Conclusions 
 

1. Global slope stability analyses of the waste and foundation for each cross section determined that filling to 
proposed final grades yields acceptable factors of safety.  

a. Cross Section C-C’:  Factor of Safety =1.6 
b. Cross Section G-G’:  Factor of Safety = 1.5  

2. Under the final conditions (after installation of final cover, the liner system analyses determined the minimum 
required interface friction angle for geosynthetics in the floor and sideslope liner systems to yield a factor of 
safety = 1.5. These values are 13.2 degrees for the floor (peak) and 9 degrees for the sideslope (large-
displacement) with zero adhesion . 

a. Cross Section C-C’:  Factor of Safety = 1.5 (used to evaluate minimum friction angle) 
b. Cross Section G-G’:  Factor of Safety = 1.6 

3. The above values are minimum acceptable secant friction angles. Any combination of adhesion and friction 
angle resulting in comparable shear strength under representative normal stresses to final site conditions are 
also acceptable. Stability analysis using lab interface shear strength tests results from previous products used 
on site show that a combination of Cα,peak=164 psf / φpeak=11.1° and  Cα,large displacement=110 psf / φlarge 

displacement=7.3° achieves an acceptable factor of safety. Conformance testing of the selected geosynthetics 
shall be performed to confirm that the interface shear strength of the actual liner system components is 
sufficient to ensure the stability of the liner system. 

a. Cross Section C-C’:  Factor of Safety = 1.5 
b. Cross Section G-G’:  Factor of Safety = 1.6 

4. An example calculation of liner stability for an interim waste filling conditions is presented in Attachment A-
1.1.7. The required interface friction angle for the floor liner system was determined to be 13 degrees (peak). 
Actual interim phasing plan slopes and tested liner system interface properties shall be evaluated for each 
phase of fill per this example. Cross-section C-C' was selected for this analysis since it represents the worst 
case for interim stability as follows: 1) steepest floor slope sloping outward from the waste slope and 2) 
narrowest floor width. 
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5. Interim slopes that are constructed no steeper than 3H:1V and with a bottom width no less than 370 feet shall 
be considered acceptable for waste filling operations. If tested values of the cell floor liner system interface 
strength vary from those presented, or the filling geometry deviates from this case, the interim slope shall be 
reevaluated according to this example. 

Source Documents and References 
NTH (2012). WDI Operating License Application Master Cells VI F & G Volume III – Basis of Design Report 
 
Qian, X., Gray, D.H., and Koerner, R.M.  (2002) Geotechnical Aspects of Landfill Design and Construction. 

 

Attachments 
 

A-1.1.1. C-C’ Foundation Stability  
A-1.1.2. G-G’ Foundation Stability 
A-1.1.3. C-C’ Liner Stability under Final Conditions with zero adhesion 
A-1.1.4. G-G’ Liner Stability under Final Conditions with zero adhesion 
A-1.1.5. C-C’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values) 
A-1.1.6. G-G’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values) 
A-1.1.7. C-C’ Liner Stability under Interim Conditions (example interim stability calculation) 



Attachment A-1.1.1 

C-C’ Foundation Stability 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

C-C’ Foundation Stability File name: MC-VI-
G_CrossSection_C_Found
ation.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using cross-

section C-C’. This case considers a west-facing slope, with fill to the final 
permitted grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The friction angle of the liner system was set equal to the required minimum 

interface friction angle determined from the liner stability analysis performed 
on Cross Section C. The groundwater level was set at elevation 655ft based on 
historical borings as documented in the Basis of Design Report (NTH 2012). 
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due to 
loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressure conditions may occur after loading. This is 
considered a conservative approach for this scenario.  

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section C-C’ 

Plan View: 
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Factor of Safety: 1.6  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.2 

G-G’ Foundation Stability 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

G-G’ Foundation Stability File name: MC-VI-
G_CrossSection_G_Foun
dation.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using cross-

section G-G’. This case considers a south-facing slope, with fill to the final 
permitted grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The friction angle of the liner system was set equal to the required minimum 

interface friction angle determined from the liner stability analysis performed 
on Cross Section C. The groundwater level was set at elevation 655ft based on 
historical borings as documented in the Basis of Design Report (NTH 2012). 
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due to 
loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressure conditions may occur after loading. This is 
considered a conservative approach for this scenario.  

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section G-G’  

Plan View: 
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Factor of Safety: 1.5  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.3 

C-C’ Liner Stability under Final Conditions with zero adhesion 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

C-C’ Liner Stability File name: MC-VI-
G_CrossSection_C_Liner.
gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the minimum required liner interface friction angle to achieve 

an acceptable factor of safety of the proposed final waste grades using cross-
section C-C’. This case considers a west-facing slope, with fill to the final 
permitted grade elevations under undrained conditions.   

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The liner system was modeled in 2 sections (floor and sideslope) to allow 

use of Peak and Large-Displacement strength parameters appropriately. 
The friction angle of the sideslope was set at 9° corresponding to commonly 
achievable large-displacement interface secant friction angle. The friction 
angle of the floor liner system was varied to determine the required peak 
interface secant friction angle to achieve the required factor of safety of 
1.5. A scenario of leachate build up in the leachate collection layer (to a 
height of 12 inches) is modeled in this analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 ? 0 
10 Liner (sideslope)  Magenta 120 9 0 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section C-C’ 
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Plan View: 

 
Factor of Safety: 1.5  Acceptable    Not Acceptable    Follow-up    Superseded 

Comments: The required peak interface friction for the floor liner system was determined to 
be 13.2°. 

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.4 

G-G’ Liner Stability under Final Conditions with zero adhesion 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

G-G’ Liner Stability File name: MC-VI-
G_CrossSection_G_Liner.
gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using cross-

section G-G’. This case considers a south-facing slope, with fill to the final 
permitted grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The friction angle of the liner system was set equal to the required minimum 

interface friction angle determined from the liner stability analysis performed 
on Cross Section C. The required factor of safety is 1.5. A scenario of leachate 
build up in the leachate collection layer (to a height of 12 inches) is modeled in 
this analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section G-G’ 
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Plan View: 

 
 

Factor of Safety: 1.6  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.5 

C-C’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values) 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

C-C’ Liner Stability File name: MC-VI-
G_CrossSection_C_Liner_
tested_values.gsz 

Revision: 1 Originated: MK Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the minimum required liner interface friction angle to achieve 

an acceptable factor of safety of the proposed final waste grades using cross-
section C-C’. This case considers a west-facing slope, with fill to the final 
permitted grade elevations under undrained conditions.   

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The liner system was modeled in 2 sections (floor and sideslope) to allow 

use of Peak and Large-Displacement strength parameters appropriately. 
The liner interface strength properties are based on interface strength test 
results of a similar liner system installed on site. The required factor of 
safety of 1.5. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 11.1 164 
10 Liner (sideslope)  Magenta 120 7.3 110 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section C-C’ 

 

 

 



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 2 of 4 

Plan View: 

 
Factor of Safety: 1.5  Acceptable    Not Acceptable    Follow-up    Superseded 

Comments:  
Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.6 

G-G’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values) 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

G-G’ Liner Stability File name: MC-VI-
G_CrossSection_G_Liner
_tested_values.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using cross-

section G-G’. This case considers a south-facing slope, with fill to the final 
permitted grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The liner system was modeled in 2 sections (floor and sideslope) to allow use 

of Peak and Large-Displacement strength parameters appropriately. 
The liner interface strength properties are based on interface strength test 
results of a similar liner system installed on site. The required factor of safety 
of 1.5. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 11.1 164 
10 Liner (sideslope)  Magenta 120 7.3 110 

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section G-G’ 
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Plan View: 

 
 

Factor of Safety: 1.6  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.1.7 

C-C’ Liner Stability under Interim Conditions (example interim stability calculation) 



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP   
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI MC-VI-G4 through G7 Liner Grade Modification 

Project 
Number: 

1208070039.004 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

C-C’ Liner Stability File name: MC-VI-
G_CrossSection_C_Interi
mSlope.gsz 

Revision: 2 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the required interface friction angle of the liner system to 

achieve an acceptable interim factor of safety of 1.3 using cross-section C-C’. 
This case considers a west-facing slope, with fill to a design interim grade 
elevation of 840 ft at an interim slope of 3H:1V. The failure surface is defined 
such that failure occurs in the underlying liner in order to evaluate the 
stability of the liner system. 

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details:  

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 ?  
10 Liner (sideslope)  Magenta 120   

 
Source of Geometry: Engineering Drawing Set 

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Interim Waste Filling 
Other Geometry Notes: Cross Section C-C’ 
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Plan View: 

 
Factor of Safety: 1.3  Acceptable    Not Acceptable    Follow-up    Superseded 

Comments: The required interface friction angle is 13 degrees (peak). Any combination of 
adhesion and friction angle that yields a comparable shear strength under modeled 
site conditions is acceptable. 

Attachments: Slope/W Cross Section and Results 
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3. Attachment A-1.2 MC6 E and F Slope Stability Analysis
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Project Name: WDI Final Cover Grading Modification Client:  Wayne Disposal, Inc. 
Project Number: 1208070017.003 Project Manager: Chris Backus 
Project Location: Belleville, Michigan QA Manager:  
    

Calculation Sheet Information 
 

Calculation Medium:  Electronic  
  Hard copy Number of pages (including cover sheet):  
   
Title of Calculation: Slope Stability Analyses 
Calculation Originator: Mohammad Kabalan 
Calculation Contributors: Rajan Ramya, Kazuhisa Matsuda 
Calculation Checker: Kevin Foye 
  

Calculation Objective 
 

This calculation evaluates the stability of the Wayne Disposal, Inc. (WDI) landfill under the proposed modification to 
the final cover grading. The analyses include consideration of global slope stability for failures through the waste mass, 
along the liner system, and/or through the foundation soils at interim and final conditions. The analyses also 
determined the minimum required interface friction angle to attain a satisfactory factor of safety against failure at the 
liner system interface. Cross sections that are the most critical for analysis and design include cross sections with the 
steepest slopes and highest embankment (waste or soil) heights. The following critical cross sections were examined 
and traces of each cross section is provided in Attachment 1:  
 

1. Cross Section G-G’ oriented North-South passing through Cell MC-VI-F. 
2. Cross Section H-H’ oriented North-South at Easting 5300 and going through Cell MC VI-E and existing MC IV.  
3. Cross Section I-I’ oriented East-West and going through Cell MC VI-G, Sub Cell G1. 
4. Cross Section J-J’ oriented East-West and going through Cell MC VI-G, Sub Cell G2. 

 

Assumptions and Open Items 
 

1. Representative total and effective stress shear strength parameters were used for all layers in the profile. 
Material properties were retrieved from existing site data (NTH 2012) and are presented in Table 1. For slow-
draining clay soils, undrained shear strength (total stress analysis) was used because pore pressures 
accumulating during shear will not be able to dissipate in these soils. In contrast, drained strength parameters 
(effective stress analysis) were used for waste and granular soil layers because these materials will dissipate 
excess pore pressures during shear. Therefore, both undrained and drained shear strength parameters are 
used in the same slope stability analysis, depending on the layer being modeled. Strength properties for the 
lower clay were modeled as a relationship of undrained shear strength to vertical effective stress. An 
undrained shear strength to vertical effective stress ratio of 0.22 was used to calculate undrained shear 
strength for the lower clay in accordance with existing analyses (NTH 2012) to account for increases in clay 
shear strength resulting from increased overburden pressure. 
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Table 1: Material Properties 

Material Name Color in Profile 
Unit Wt(s) 

(pcf) 

Strength 
or  

(deg.) 
Strength 

C or Ca (psf) 
1 Final Cover (total stress analysis) Orange 135 0 1500 
2 Existing Waste (effective stress analysis) Teal 91 34 0 
3 New Waste (effective stress analysis) Light Green 103[A] 30 0 
4 Upper Clay (total stress analysis) Brown 130 0 1325 
5 Middle Clay (total stress analysis) Yellow 136 0 3000 
6 Lower Clay (total stress analysis) Maroon 128 0.22 ’v 
7 Silt (effective stress analysis) Blue 125 28 0 
8 Sand (effective stress analysis) Red 115 32 0 
9 Liner (floor) (effective stress analysis) Magenta 120 13.2 0 

10 Liner (sideslope)  
(effective stress analysis) 

Magenta 120 9 0 

11 Existing MC V Waste   
(effective stress analysis) 

Teal 120 28[B] 0 

Notes: 
[A] conservative (high) value of unit weight of waste was estimated from site survey data (see table below). Note that 
higher values of waste unit weight result in a lower FS because newly-placed waste imposes a greater driving load. 
[B] MC V waste properties as reported in NTH (2008). 
All other properties obtained from NTH (2012). 
 

2. For liner system stability cases, the domain of the slip surfaces are defined so that a portion of the failure surface 
conforms to the liner system.  

3. Applicable data used in the analysis that was provided by third parties is assumed to be accurate.  
 

Site Waste Survey Data 
 Survey Years 2014 to 2021 

Tons received into the landfill 3,905,856 
Cubic yards airspace consumed 2,869,499 
Average Unit Weight (tons/cy) 1.36 

Average Unit Weight (pcf) 100.83 
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Design Criteria/Design Basis  
 

1. The minimum allowable factor-of-safety (FS) against slope stability failures is 1.5 for final conditions and 1.3 for 
interim conditions. 

2. The analyses were conducted using the computer program SLOPE/W within the software package GeoStudio 
2021 by GEOSLOPE International Ltd.  This program performs an automatic search to identify a critical failure 
surface that has the lowest FS value.   

3. The analyses were conducted using the Morgenstern-Price method, which considers both moment and force 
equilibrium. 

4. The geometry of the cross sections was derived from the engineering drawing set submitted as part of the 
permit mod package.  

5. The required/assumed interface friction angles shall be met by considering peak strength values for the cell 
floor and large-displacement strength values for the cell sideslopes.  

6. The required minimum interface friction angle for the liner system components is determined under the final 
conditions (after final cover is installed). 

7. Due to the complex nature of the waste fill phasing during operation, the liner stability shall be evaluated 
based on the actual measurements of the interface friction angle for the liner system components and the 
design waste filling geometry for each phase. An example one such calculation was prepared to illustrate how 
to evaluate required minimum interface friction angle for the liner system components. This example analysis 
was performed on cross section J-J’ assuming an interim waste slope of 3H:1V. 

8. The example interim slope stability calculation performed for cross section J-J’ is considered a worst-case for 
translational slides on the cell floor because the analysis does not take credit for the stabilizing effect of any 
cell side slope or toe buttress resisting movement along the liner system. Therefore, for the conditions 
presented, interim slopes that are constructed no steeper than 3H:1V and with a bottom width no less than 
450 feet (measured from the toe of intercell berm to the interim face of the waste slope) shall be considered 
acceptable for waste filling operations. If tested values of the cell floor liner system interface strength vary 
from those presented, or the filling geometry deviates from this case, the interim slope shall be reevaluated 
according to this example to determine if the alternative waste filling geometry meets the stability criterion. 
Interim filling geometries that do meet the interim stability criterion shall be adjusted and reevaluated until 
acceptable FS values are obtained. 
 



 

QMS Form - Calculations 
 

Page 4 of 5 

 

Results/Conclusions 
 

1. Global slope stability analyses of the waste and foundation for each cross section determined that filling to 
proposed final grades yields acceptable factors of safety.  

a. Cross Section G-G’:  Factor of Safety = 1.7 
b. Cross Section H-H’:  Factor of Safety = 1.6 
c. Cross Section I-I’:  Factor of Safety = 1.5 
d. Cross Section J-J’:  Factor of Safety = 1.5 

2. Under the final conditions (after installation of final cover), the stability of the landfill along the liner system 
was analyzed. The strength parameters used to model the interface strength of the liner system were those 
determined from the slope stability analysis of MC-VI-G, Sub Cell G4. These parameters are shown in Table 1 
and are considered values that could be typically achieved with commercial geosynthetic products. Any 
combination of adhesion and friction angle resulting in comparable shear strength under representative 
normal stresses to final site conditions are also acceptable. Conformance testing of the selected geosynthetics 
shall be performed to confirm that the interface shear strength of the actual liner system components is 
sufficient to ensure the stability of the liner system. 

a. Cross Section G-G’:  Factor of Safety = 1.7 
b. Cross Section H-H’:  Factor of Safety = 1.8 
c. Cross Section I-I’:  Factor of Safety = 1.8 
d. Cross Section J-J’:  Factor of Safety = 1.7 

3. For Cells that have already been constructed, A stability analysis using lab interface shear strength tests results 
from previous products used on site was performed. The analyses show that a combination of Cα,peak=164 psf / 
φpeak=11.1° and  Cα,large displacement=110 psf / φlarge displacement=7.3° achieves an acceptable factor of safety.  

a. Cross Section I-I’:  Factor of Safety = 1.7 
b. Cross Section J-J’’:  Factor of Safety = 1.5 

4. An example calculation of liner stability for an interim waste filling conditions is presented in Attachment A-
1.2.12. The required interface friction angle for the floor liner system was determined to be 14 degrees (peak). 
Actual interim phasing plan slopes and tested liner system interface properties shall be evaluated for each 
phase of fill per this example. 

5. Interim slopes that are constructed no steeper than 3H:1V and with a bottom width no less than 450 feet shall 
be considered acceptable for waste filling operations. If tested values of the cell floor liner system interface 
strength vary from those presented, or the filling geometry deviates from this case, the interim slope shall be 
reevaluated according to this example. 
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Source Documents and References 

NTH (2008). Basis of Design Report. Master Cell VI E Design Modification 

NTH (2012). WDI Operating License Application Master Cells VI F & G Volume III – Basis of Design Report 

Qian, X., Gray, D.H., and Koerner, R.M.  (2002) Geotechnical Aspects of Landfill Design and Construction. 
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Traces of Cross Sections 
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Attachment A-1.2.2 

G-G’ Foundation Stability 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

G-G’ Foundation Stability File name: MC-VI-
F_CrossSection_G_Found
ation.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section G-G’. This case considers a north-facing slope, with fill to the 
final proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. The groundwater level was set at elevation 655 based on 
historical borings as documented in the Basis of Design report (NTH 2012).  
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due 
to loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressure may accumulate after loading. This is 
considered a conservative approach for this scenario.   

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012)  
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 2 of 4 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section G-G’ 

 

Factor of Safety: 1.7  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.3 

H-H’ Foundation Stability 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

H-H’ Foundation Stability File name: MC-VI-
E_CrossSection_H_Found
ation.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section H-H’. This case considers a north-facing slope, with fill to the 
final proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. The groundwater level was set at elevation 655 based on 
historical borings as documented in the Basis of Design report (NTH 2012).  
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due 
to loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressures may accumulate after loading. This is 
considered a conservative approach for this scenario.   

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The overfill liner elevations are from Master Cell VI-E Design 

Modification Plans, Wayne Disposal Inc., Site No. 2 by NTH 
Consultants (2011) and Master Cell VI Design Modification 
Plans. Wayne Disposal, Inc. Site No. 2 by NTH Consultants 
(2008). 



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 2 of 4 

The elevations for bottom and top of existing waste are from 
Appendix A Settlement Analysis, WDI MC VI-E Major Design 
Modification by NTH Consultants (2008).  
The proposed final cover elevations are from WDI MCVI-E/F 
Final Cover Proposed Grading Plan by CTI and Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section H-H’ 

 

Factor of Safety: 1.6  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.4 

I-I’ Foundation Stability 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

I-I’ Foundation Stability File name: MC-VI-
G1_CrossSection_I_Foun
dation.gsz 

Revision: 1 Originated: MK Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section I-I’. This case considers a west-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. The groundwater level was set at elevation 655 based on 
historical borings as documented in the Basis of Design report (NTH 2012).  
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due 
to loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressures may accumulate after loading. This is 
considered a conservative approach for this scenario.   

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012)  
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 
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Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section I-I’ 

 

Factor of Safety: 1.5  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.5 

J-J’ Foundation Stability 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

J-J’ Foundation Stability File name: MC-VI-
G2_CrossSection_J_Foun
dation.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section J-J’. This case considers a west-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. The groundwater level was set at elevation 655 based on 
historical borings as documented in the Basis of Design report (NTH 2012).  
Drained strength parameters were used for material with a relatively high 
permeability where excess pore-pressure conditions are not expected due 
to loading.  
Undrained strength parameters were used for low-permeability materials 
(clays) since excess pore pressures may accumulate after loading. This is 
considered a conservative approach for this scenario.   

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand/aqua Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 
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Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section J-J’ 

 

Factor of Safety: 1.5  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.6 

G-G’ Liner Stability under Final Conditions with Zero Adhesion 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

G-G’ Liner Stability File name: MC-VI-
F_CrossSection_G_Liner.
gsz 

Revision: 1 Originated: MK Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section G-G’. This case considers a north-facing slope, with fill to the 
final proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. These values are achievable using available geosynthetic 
materials.  
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section G-G’ 
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Factor of Safety: 1.7  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.7 

H-H’ Liner Stability under Final Conditions with Zero Adhesion 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

H-H’ Foundation Stability File name: MC-VI-
E_CrossSection_H_Liner.
gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section H-H’. This case considers a north-facing slope, with fill to the 
final proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. These values are achievable using available geosynthetic 
materials. Available data from interface testing performed on the liner 
system during installation suggests the interface friction angle may be as 
high as 22.5 degrees. This analysis was performed using a lower value which 
is a conservative approach.  
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The overfill liner elevations are from Master Cell VI-E Design 

Modification Plans, Wayne Disposal Inc., Site No. 2 by NTH 
Consultants (2011) and Master Cell VI Design Modification 
Plans. Wayne Disposal, Inc. Site No. 2 by NTH Consultants 
(2008). 
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The proposed final cover elevations are from WDI MCVI-E/F 
Final Cover Proposed Grading Plan by CTI and Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section H-H’ 

 

Factor of Safety: 1.8  Acceptable    Not Acceptable    Follow-up    Superseded 
Comments:  

Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.8 

I-I’ Liner Stability under Final Conditions with Zero Adhesion 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

I-I’ Liner Stability File name: MC-VI-
G1_CrossSection_I_Liner.
gsz 

Revision: 1 Originated: MK Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section I-I’. This case considers a north-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. These values are achievable using available geosynthetic 
materials.  
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section I-I’ 
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Attachment A-1.2.9 

J-J’ Liner Stability under Final Conditions with Zero Adhesion 
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Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

J-J’ Liner Stability File name: MC-VI-
G2_CrossSection_J_Liner.
gsz 

Revision: 1 Originated: MK Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section J-J’. This case considers a north-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were those determined from the slope stability analysis of MC-VI-G, 
Sub Cell G4. These values are achievable using available geosynthetic 
material.  
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 13.2 0 
10 Liner (sideslope)  Magenta 120 9 0 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section J-J’ 
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Attachments: Slope/W Cross Section and Results 
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Attachment A-1.2.10 

I-I’ Liner Stability under Final Conditions with non-Zero Adhesion (previously tested values) 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

I-I’ Liner Stability File name: MC-VI-
G1_CrossSection_I_Liner
_Tested_Values.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section I-I’. This case considers a west-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were determined from existing interface strength testing performed 
on existing similar liner system materials at WDI. 
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 11.1 164 
10 Liner (sideslope)  Magenta 120 7.3 110 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section I-I’ 
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Attachment A-1.2.11 

J-J’ Liner Stability under Final Conditions with non-Zero Adhesion (previously tested values) 

  



 
SLOPE STABILITY ANALYSIS REPORT FORM 

Geotechnical Engineering SOP  3/29/2022 
CTI and Associates, Inc.  Page 1 of 4 

SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

J-J’ Liner Stability File name: MC-VI-
G2_CrossSection_J_Liner
_Tested_Values.gsz 

Revision: 1 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the factor of safety of the proposed final waste grades using 

cross-section J-J’. This case considers a north-facing slope, with fill to the final 
proposed grade elevations.  

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The strength parameters used to model the interface strength of the liner 

system were determined from existing interface strength testing performed 
on existing similar liner system materials at WDI. 
The required factor of safety is 1.5. A scenario of leachate build up in the 
leachate collection layer (to a height of 12 inches) is modeled in this 
analysis. 

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 11.1 164 
10 Liner (sideslope)  Magenta 120 7.3 110 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Final Build out 
Other Geometry Notes: Cross Section J-J’ 
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Attachment A-1.2.12 

I-I’ Liner Stability under Interim Conditions (example interim stability calculation) 
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SLOPE STABILITY ANALYSIS REPORT FORM 
Project 
Name: 

WDI Final Cover Grading Modification 

Project 
Number: 

1218070017.003 Client: Wayne Disposal, Inc. 

Analysis 
Short 

Name: 

J-J’ Liner Stability File name: MC-VI-
G2_CrossSection_J_Liner
_Interim.gsz 

Revision: 2 Originated: KM Checked: RR Approved:  
Date: 3/28/22 Date: 3/28/22 Date: 3/29/22 Date:  

 
Purpose of Analysis: To determine the required interface friction angle of the liner system to 

achieve an acceptable interim factor of safety of 1.3 using cross-section J-J’. 
This case considers a west-facing slope, with fill to the final permitted grade 
elevations at an interim slope of 3H:1V. The failure surface is defined such 
that failure occurs in the underlying liner in order to evaluate the stability of 
the liner system. 

  Static    Seismic  Pore Pressure  Optimized Surface 
Additional Details: The required factor of safety is 1.3 for temporary conditions.  

 

Material Name Color in Profile 
Unit Wt(s) 
(pcf) 

Strength 
or  (deg.) 

Strength 
C or Ca 
(psf) 

1 Final Cover Orange 135 0 1500 
2 Existing Waste  Teal 91 34 0 
3 New Waste Light Green 103 30 0 
4 Upper Clay Brown 130 0 1325 
5 Middle Clay Yellow 136 0 3000 
6 Lower Clay Maroon 128 0.22 ’v 
7 Silt Blue 125 28 0 
8 Sand Red 115 32 0 
9 Liner (floor)  Magenta 120 ? 0 
10 Liner (sideslope)  Magenta 120 n/a n/a 
11 Existing MC V Waste  Teal 120 28 0 

 
Source of Geometry: The proposed final cover elevations are from WDI Final Cover 

Grades Modification Engineering Drawings by CTI and 
Associates, Inc.  

Source of Subsurface Profile: Basis of Design Report - NTH (2012) 
 Preconstruction    Construction     Interim    Final     Existing     Back-Analysis 

Construction Phase Represented: Interim Waste Filling to max height at 3H:1V 
Other Geometry Notes: Cross Section J-J’ 

 

Factor of Safety: 1.3  Acceptable    Not Acceptable    Follow-up    Superseded 
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Comments: The required interface friction angle for the liner system is 14 degrees (Peak). Any 
combination of adhesion and friction angle that yields a comparable shear strength 
under modeled site conditions is acceptable. 

Attachments: Slope/W Cross Section and Results 
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LEACHATE COLLECTION SYSTEM SETTLEMENT ANALYSIS 

OBJECTIVE 
 
This calculation evaluates the post-settlement slopes of the leachate collection pipe and cell floor cross 
slopes for proposed Master Cell VI-G (MC VI-G4 through G7), at Wayne Disposal, Inc. (WDI). This 
evaluation is based on the estimated settlement of the existing waste and soil underlying the proposed cells 
due to additional overburden stresses induced by waste placement and the impact of such settlement on the 
post settlement cell floor slopes. The purpose of this calculation is to determine the minimum required 
design slopes.  
 
DESIGN CRITERIA AND ASSUMPTIONS 
 

 The post-settlement slope of each leachate collection pipe should be at least 1% and each cell floor 
cross slope should be at least 2% per Rule 299.9620 (4) (EGLE 2020). 

 Pipe flowline analysis points were selected along the leachate collection pipe flowlines within MC-
VI-G (Attachment A-2.1.1). The specific locations of these points were selected to correspond to 
the cell floor high point, low point, changes in final cover slope, and locations of existing intracell 
dikes in the Master Cell I (MC-I). Total settlement is estimated for each point, allowing an 
assessment of the post-settlement slope(s) along the flowline. 

 Cross slope analysis points (Attachment A-2.1.1) were selected at the location following the most 
critical post-settlement path including the impact of the existing dikes in MC-I.  

 Maximum settlement is expected to occur at the completion of the cap construction when the 
foundation is subjected to the maximum overburden pressure. Under the worst-case scenario 
modeled, maximum load is applied (in full) to the foundation instantaneously during settlement 
analysis for a conservative (i.e., greater than anticipated) estimate of total settlement. In reality, 
loads would be applied incrementally as waste is placed gradually during the active life of the 
landfill. Additionally, the resulting settlement is assumed to occur immediately, conservatively 
accounting for the maximum settlement at the end of foundation soil consolidation. 

 Existing information about the existing landfill below Subcells G4, G5, G6, and G7 indicate that it 
was a trench fill type of landfill. The precise configuration of the trenches is unknown. It is believed 
that each trench is bounded by an intracell dike. Using available subsurface information (MASW 
surveys and Geoprobe boring logs – see Figures 1 through 3), CTI has considered the profile of 
known existing dikes in these settlement analyses by placing additional settlement calculation 
points at the estimated crests and toes of these dikes. Differential settlement estimates are 
accordingly greater at the transitions between these points than between points without difference 
in subgrade. As a result, CTI proposes enhanced floor grades with steeper slopes in portions of the 
cell floor to counteract the effect of differential settlement on post-settlement slopes. CTI also 
proposes that the location of these enhanced floor grade zones be adjusted if MC VI- G4, G5, G6, 
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and G7 construction activities reveal additional information about the location of the corresponding 
dikes. 

 

Figure 1. Map of Bottom of Existing Waste Elevations Below MC VI-G4 through G7 as Determined 
from Geoprobe Boring Logs. (blue areas indicate the approximate location of intracell dikes) 

 

N

Fig. 3

Fig. 2
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Figure 2. Interpreted North-South Cross Section Depicting Bottom of Existing Waste Elevations Below 

MC VI-G4 through G7 as Determined from Geoprobe Boring Logs. 
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Figure 3. Interpreted West-East Cross Section Depicting Bottom of Existing Waste Elevations Below 

MC VI-G4 through G7 as Determined from Geoprobe Boring Logs. 

 

 Table 1A lists the material typical thicknesses and unit weights used for the settlement analysis. 
Note that a value of 103 pounds per cubic foot (pcf) was conservatively selected for the unit weight 
of newly-placed waste. This value of unit weight is conservative because it is greater than the 
representative value obtained from survey records. Greater values of waste unit weight result in 
larger calculated settlement values. Table 1B provides supporting survey information used to 
evaluate the unit weight of newly placed waste. 

 Table 2 summarizes the compressibility parameters used in the settlement analysis. The compacted 
clay liner is only very slightly compressible relative to the in-situ clay layer due to the much greater 
thickness of the insitu clay. Considering the insignificant magnitude of the settlement of the 
compacted clay liner, it was not included in the analysis. 

 
  

EAST
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Table 1A. Soil Properties for Settlement Analysis 

Soil Type Thickness [ft] Moist Unit Weight [pcf] 

Final cover soil 4 135 
New waste Varies 103* 

Existing cover soil Varies 135 
Existing waste Varies 91 

In-situ middle clay Varies 136 
Attenuation Layer 5 135 

Structural Fill 2 135 
Venting Layer 1 135 

Leachate Collection Sand 1 135 
In-situ middle clay Varies 136 

In-situ lower clay (moist) 5 128 
In-situ lower clay (saturated) 12 128 

In-situ silt (saturated) 18 125 
In-situ sand (saturated) 45 115 

* Conservative (high) Value - see Table 1B. 
 

 
Table 1B. Supporting Survey Information Used to Evaluate the Unit Weight of Newly Placed Waste 

 Survey Years 2014 to 2021 
Tons waste received into the landfill 3,905,856 

Cubic yards airspace consumed 2,869,499 
Average Unit Weight (tons/cy) 1.36 

Average Unit Weight (pcf) 101 
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Table 2. Compressibility Parameters of Waste and Soils 

Soil Type 
Primary 

Compression Ratio 
Cc/(1+ e0) 

Secondary 
Compression Ratio 

Cα/(1+ e0) 

Recompression Ratio 
Cr/(1+ e0) 

Existing cover 0.102[B] 0.005[B] 0.017[A] 
Existing waste 0.08[C] 0.024[C] 0.0133[A] 

In-situ middle clay 0.102 0.005 0.017[A] 
In-situ lower clay 0.171 0.009 0.0285[A] 

In-situ silt 0.15[B] 0[B] 0[B] 
In-situ sand 0.1[B] 0[B] 0[B] 

[A] Estimated from Cr = Cc/6.  
[B] Assumed values.  
[C] From Attachment A-2.3 

 
The information for subsurface soils is based on MCIV General Profiles (South), Appendix A 
Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume III – WDI Operating 
License Application Master Cells VI F & G by NTH Consultants (2011a). Specifically, subsurface 
investigation boring logs, cross section profiles, and laboratory test results were used to assess the 
subgrade soil profile and its properties. Note that some uncertainty may exist in the interpretation of 
hydrogeological data due to natural soil’s inherent variability, conservative assumptions have been 
applied to ensure a conservative estimate of settlement in this analysis.    
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METHODOLOGY 
 

Total settlement is estimated using the 1-D consolidation equations (Coduto 1999), with primary 
consolidation being the critical component.  Total settlement is calculated as: 

 
 S = Sc + Ss (1)  
 

Where:  

S = total settlement [ft] 
Sc = primary consolidation settlement due to load application [ft] 
Ss = secondary compression settlement due to creep effects [ft] 

 
Settlement caused by primary consolidation for a given layer of soil with uniform properties is 
calculated as: 

 = ℎ1 + +  (2) 
 

 
Where:  

Cc = primary compression index 
Cr = recompression index 
h0 = initial compressible layer thickness [ft] 
e0 = initial void ratio of the clay subgrade 
σ0 = initial overburden pressure acting on the compressible layer [psf] 
σi = final overburden pressure acting on the compressible layer [psf] 
σc = preconsolidation stress [psf], calculated using Equation 4.  

 
Settlement due to secondary compression is calculated using Equation 3 below: 

 = ℎ 1 +  (3)  

 
Where:  

Cα = secondary compression index 
H = layer thickness [ft] 
t2 = time after application of load (assumed 70 years) 
t1 = time required to complete primary consolidation (assumed 40 years) 

 The elevations in this report are referenced to Mean Sea Level (MSL). 

 The initial ground elevation (prior to initial development) was assumed to be approximately 705 ft. 
This value was inferred from the cross section profile from Engineering Drawings, Wayne 
Disposal, Inc. Site No.2 MC VI-F&G by NTH Consultants (2011b).  
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 The preconsolidation pressure of the middle clay and lower clay, the major contributing 

compressible layers below the existing waste, was set equal to the initial effective overburden 
pressure acting on them prior to development. This value is used in Equation 2 to estimate 
settlement resulting from an initial load less than the preconsolidation pressure. The net settlement 
between construction of the overfill liner and the proposed final conditions is calculated with the 
soils in either a normally-consolidated state (i.e., compression is calculated using C’c) or over-
consolidated state (i.e., compression is calculated using C’r and C’c) depending on whether the 
initial stress is greater than the preconsolidation stress or not, respectively. Note that in most cases, 
both layers of soil have experienced a higher overburden pressure since initial development of the 
site. This value is calculated using Equation 4. 

 Calculation of settlement following MC-VI-G construction accounts for changes in overburden 
pressure resulting from construction activities and landfill operations. 

 At each point selected along the leachate collection pipe system, the elevations for the existing 
ground, proposed MC-VI-G liner system, final cover, and the foundation soils are determined and 
used to compute the initial and final overburden pressures at each settlement point within the 
analysis using Equation 4 similarly to the preconsolidation pressure. Calculation spreadsheets for 
the settlement points in Cells MC-VI-G4 through MC-VI-G7 are presented in Attachment A-2.1.2. 

 , , =  × ℎ  (4) 
 

 
Where:  

σc,0,f = 
: preconsolidation stress [psf] : initial stress [psf] : final stress [psf] 

 = Unit weight of soil layer i [psf] 

hi = 

Thickness of layer i [ft] at settlement point as follows: 
For  use thicknesses of layers prior to development 
For  use thicknesses of layers up to existing elevations 
For  use thicknesses of layers up to proposed final elevations 

 
 Soil layers are identified using subsurface soil profiles provided in MCIV General Profiles (South), 

Appendix A Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume III – 
WDI Operating License Application Master Cells VI F & G by NTH Consultants (2011a). These 
layers include in-situ clay with varying degrees of compressibility (see Table 2). 

 The MC-VI-G liner system grades were determined from the design drawings. The respective pre-
settlement slopes are shown in Tables 3 through 11 below.  

 Attachment A-2.1.1 presents the plan locations of the settlement analysis points within MC-VI-G 
with respect to proposed cell floor grades.  
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CALCULATIONS: 
 
Equations 1 through 4 were incorporated into a spreadsheet to conduct the settlement calculations. The 
settlement calculation output and resulting post-settlement slope(s) for the leachate collection pipes within 
MC-VI-G are presented in Table 3 through Table 6. The settlement calculation output and resulting post-
settlement slope(s) for each analyzed cross slope within MC-VI-G are presented in Table 7 through Table 
11.  Attachment A-2.1.2 presents the cross-section profiles of the leachate collection pipe flowlines and cell 
floor cross slopes, and the settlement calculation spreadsheets for the individual points. 
 
 

Table 3. MC-VI-G4 Leachate Pipe Flowline Settlement Calculation Summary 

 
 
 
 

Table 4. MC-VI-G5 Leachate Pipe Flowline Settlement Calculation Summary 

 
 
 

  

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-01 6821.02 3927.03 707.63 3.77 703.87
SP-02 6821.20 4051.75 712.00 5.27 706.73

SP-02 6821.20 4051.75 712.00 5.27 706.73
SP-03 6821.37 4166.03 716.00 6.19 709.81

SP-03 6821.37 4166.03 716.00 6.19 709.81
SP-04 6821.55 4289.37 720.32 7.81 712.51

Elevation

1.0%

1.0%

2.3%

2.7%

3.5%

Min. Slope
Pipe Flowline Slope

3.5%

125

114

2.2%123 3.5% 1.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-07 6591.09 3931.50 712.86 3.69 709.17
SP-08 6519.07 4013.94 716.69 4.36 712.33

SP-08 6519.07 4013.94 716.69 4.36 712.33
SP-09 6462.73 4078.42 719.69 3.37 716.32

SP-09 6462.73 4078.42 719.69 3.37 716.32
SP-10 6405.19 4144.28 724.06 5.29 718.77

SP-10 6405.19 4144.28 724.06 5.29 718.77
SP-11 6293.54 4272.06 730.00 4.77 725.23

SP-11 6293.54 4272.06 730.00 4.77 725.23
SP-12 6261.89 4308.31 731.68 4.49 727.19

3.5%

86

2.8%87

48 3.5% 4.1%

1.0%5.0%

3.5%

Min. Slope
Cross Slope

3.5%

109 1.0%

1.0%

2.9%

4.7%

1.0%

Elevation

170 3.8% 1.0%
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Table 5. MC-VI-G6 Leachate Pipe Flowline Settlement Calculation Summary 

 
 
 
 
 
 

Table 6. MC-VI-G7 Leachate Pipe Flowline Settlement Calculation Summary 

 
 
 
  

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-15 6345.33 4693.30 700.88 2.99 697.89
SP-16 6389.25 4676.09 702.53 3.75 698.77

SP-16 6389.25 4676.09 702.53 3.75 698.77
SP-16b 6454.30 4650.58 704.97 2.90 702.07

SP-16b 6454.30 4650.58 704.97 2.90 702.07
SP-16c 6505.08 4630.68 710.15 5.31 704.84

SP-16c 6505.08 4630.68 710.15 5.31 704.84
SP-17b 6704.95 4552.33 717.67 7.71 709.96

SP-17b 6704.95 4552.33 717.67 7.71 709.96
SP-17c 6765.08 4528.76 719.93 8.81 711.12

SP-17c 6765.08 4528.76 719.93 8.81 711.12
SP-18 6847.70 4496.37 723.03 9.68 713.35

SP-18 6847.70 4496.37 723.03 9.68 713.35
SP-18b 6906.30 4473.40 725.24 9.35 715.89

SP-18b 6906.30 4473.40 725.24 9.35 715.89
SP-19 6970.25 4448.33 727.64 9.07 718.57

69 3.5% 3.9% 1.0%

1.0%

Elevation

215 2.4% 1.0%

89 3.5% 1.0%

3.5%

Min. Slope
Cross Slope

3.5%

47 1.0%

1.0%

1.9%

4.7%

3.5%

70

5.1%55

65 3.5%

2.5%

1.8%

63 3.5% 4.0%

1.0%9.5%

1.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-22 6393.49 5048.84 681.79 2.14 679.65
SP-23 6534.01 5048.84 686.71 3.72 682.99

SP-23 6534.01 5048.84 686.71 3.72 682.99
SP-24 6787.25 5048.84 695.57 5.42 690.15

SP-24 6787.25 5048.84 695.57 5.42 690.15
SP-25 6954.90 5048.84 701.44 6.12 695.32

253

3.1%168 1.0%

3.5%

Min. Slope
Pipe Flowline Slope

3.5%

141 1.0%

1.0%

2.4%

2.8%

Elevation

3.5%
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Table 7. MC-VI-G4 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 8. MC-VI-G5 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 9. MC-VI-G6 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 10. MC-VI-G7 Cross Slope Flowline Settlement Calculation Summary 

 
 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-04 6821.55 4289.37 720.32 7.82 712.50
SP-05 6983.40 4289.34 726.10 6.53 719.58

SP-04 6821.55 4289.37 720.32 7.82 712.50
SP-04b 6759.99 4289.38 722.51 5.55 716.96

SP-04b 6759.99 4289.38 722.51 5.55 716.96
SP-06 6649.78 4289.40 729.15 8.76 720.39

Elevation

3.6%

Min. Slope
Cross Slope

3.6%

162 2.0%

2.0%62

3.1%110 2.0%6.0%

4.4%

7.2%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-09 6462.73 4078.42 719.69 3.36 716.33
SP-14 6237.97 3884.80 730.38 2.97 727.42

SP-10 6405.19 4144.28 724.06 5.47 718.60
SP-10b 6453.73 4185.24 726.62 3.92 722.70

SP-10b 6453.73 4185.24 726.62 3.92 722.70
SP-10c 6491.13 4219.37 731.14 7.19 723.94

SP-10c 6491.13 4219.37 731.14 7.19 723.94
SP-13 6625.09 4329.82 737.83 9.16 728.68

Elevation

174 2.7% 2.0%

3.6%

Min. Slope
Cross Slope

4.0%

297 2.0%

2.0%

3.7%

3.9%

64

2.5%51 2.0%8.9%

6.5%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-16 6389.25 4676.09 702.53 3.75 698.78
SP-21 6290.21 4421.30 712.32 3.30 709.02

SP-18 6847.70 4496.37 723.03 10.62 712.41
SP-20 6937.43 4751.42 732.34 10.50 721.84

270

Elevation

3.6%

Min. Slope
Cross Slope

3.4%

273

3.5%

2.0%

2.0%

3.7%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-23 6534.01 5048.84 686.71 3.72 682.99
SP-26 6532.88 4967.83 689.46 4.08 685.38

SP-25 6954.90 5048.84 701.44 6.12 695.32
SP-27 6955.68 5111.30 703.70 5.68 698.02

SP-25 6954.90 5048.84 701.44 6.12 695.32
SP-28 6954.65 4986.17 703.56 6.52 697.04

Elevation

2.0%

3.4%

Min. Slope
Cross Slope

3.6%

81 2.0%

2.0%

2.9%

4.3%62

2.7%63 3.4%
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Table 11. MC-VI-G7 “Shelf” Cross Slope Flowline Settlement Calculation Summary 

 
 
 
CONCLUSIONS 
 
The post-settlement slope of the leachate collection pipe should be at least 1% and each cell floor cross 
slope should be at least 2% per Rule 299.9620 (4) (EGLE 2020). This calculation estimated the settlement 
at points along the leachate collection pipe and the cross slopes within MC-VI-G. The settlement of each 
of these points was used to calculate the post-settlement slopes of the MC-VI-G floor. This settlement 
analysis determined that all design leachate collection pipe slopes and resultant cross slopes within MC-
VI-G meet the required minimum post-settlement slopes. Several zones along the pipe flowlines and cross 
slopes require steeper slopes than adjacent areas of the cell floors to meet the design criteria due to the 
influence of existing intracell dikes on differential settlement. These areas include: 
 

 MCVI-G5 pipe flowline between SP-09 and SP-10 
 MCVI-G6 pipe flowline between SP-16b and SP-16c 
 MCVI-G4 cross slope between SP-04b and SP-06 
 MCVI-G5 cross slope between SP-10b and SP-10c 

 
The precise configuration of the intracell dikes is unknown. Using available subsurface information, CTI 
has considered the profile of known existing dikes in these settlement analyses. The location of these 
enhanced floor grade zones should be adjusted if MC VI- G4, G5, G6, and G7 construction activities reveal 
additional information about the location of the corresponding dikes. Adjustment of the enhanced floor 
grade zones should proceed as follows: 

 During excavation of the cell floor subgrade, the materials encountered at the bottom of excavation 
within 30 feet of the mapped intracell dike locations shall be logged.  

 Upon discovery of an intracell soil dike, its limits shall be surveyed across the width of the 
intersecting subgrade excavation bottom. 

 The location of the discovered intracell dike shall be plotted in plan view and in cross section view 
and compared to Figures 1 to 3. 

 If the waste-to-soil transition differs in horizontal location from that presented in Figures 1 to 3, 
the corresponding zone of enhanced floor grade (applicable to G5 pipe flowline, G6 pipe flowline, 
G4 cross slope, and G5 cross slope) shall be moved so that its boundaries align with the projected 
toe of sideslope for the corresponding dike. 

 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-20b 6944.94 4776.06 730.10 10.11 719.99
SP-28b 6950.57 4897.93 724.00 8.94 715.06 5.0%

Min. Slope
Pipe Flowline Slope

122 2.0%4.0%

Elevation
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LEACHATE COLLECTION PIPE SETTLEMENT ANALYSIS 
 
OBJECTIVE 
 
This calculation evaluates the post-settlement slopes of the leachate collection pipe and cell floor cross 
slopes for cells affected by the proposed Final Cover Grading Modification at Wayne Disposal, Inc. (WDI). 
This calculation evaluates the following Cells:  

 Master Cell-VI-E (MC6E) 
 Master Cell-VI-F (MC6F): Subcells F1, F2, F3, and F4 
 Master Cell VI-G (MC6G): Subcells G1, G2, and G3 

This evaluation is based on the estimated settlement of the existing waste and soil underlying the proposed 
cells due to additional overburden stresses induced by waste placement and the impact of such settlement 
on the post settlement cell floor slopes. 
 
DESIGN CRITERIA AND ASSUMPTIONS 
 

 The slope of each leachate collection pipe should be at least 1% and each cell floor cross slope 
should be at least 2% per Rule 299.9620 (4) (EGLE 2020). 

 Maximum settlement is expected to occur at the completion of the cap construction when the 
foundation is subjected to the maximum overburden pressure. Under the worst-case scenario, 
maximum load is applied (in full) to the foundation instantaneously during settlement analysis for 
a conservative (i.e., greater than anticipated) estimate of total settlement. In reality, loads would be 
applied incrementally as waste is placed gradually during the active life of the landfill. 
Additionally, the resulting settlement is assumed to occur immediately, conservatively accounting 
for the maximum settlement at the end of foundation soil consolidation. 

 Existing information about the existing landfill (MC-IV) below Subcells F1, F2, F3, F4, G2, and 
G3 indicate that it was a trench fill type of landfill. The precise configuration of the trenches is 
unknown. It is believed that each trench is bounded by an intracell dike. Using available subsurface 
information (Geoprobe boring logs and MC-IV construction drawings – see Attachment A-2.2.1 
and Figure 1), CTI has considered the profile of existing dikes in these settlement analyses by 
placing additional settlement calculation points at the estimated crests and toes of these dikes in 
Subcells F1 through F4, G2 and G3.  

 Pipe flowline analysis points were selected within the analyzed cells as shown in Attachment A-
2.2.1. The specific locations of these points were selected to correspond to the cell floor high point, 
low point, changes in final cover slope, maximum fill height, the location of the existing dikes in 
MC-IV and additional points. Total settlement is estimated for each point, allowing an assessment 
of the post-settlement slope(s) along the flowline. 

 Differential settlement estimates are greater at the dike crest-toe transitions than between points 
without much difference in subgrade.  
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Figure 1. Estimated Cross-section Depicting Bottom of Existing Waste Elevations Below MC 

VI-F as Determined from Geoprobe Boring Logs and Proposed Cell Flowline in MCVI-F3 

 

 Table 1A lists the material typical thicknesses and unit weights used for the settlement analysis. 
Note that a value of 103 pounds per cubic foot (pcf) was conservatively selected for the unit weight 
of newly-placed waste. This value of unit weight is conservative because it is greater than the 
representative value obtained from survey records. Greater values of waste unit weight result in 
larger calculated settlement values. Table 1B provides supporting survey information used to 
evaluate the unit weight of newly placed waste. 

 Table 2 summarizes the compressibility parameters used in the settlement analysis. The compacted 
clay liner is only very slightly compressible relative to the in-situ clay layer due to the much greater 
thickness of the in-situ clay. Considering the insignificant magnitude of the settlement of the 
compacted clay liner, it was not included in the analysis. The methodology presented in Attachment 
A-2.3 was used to estimate a modified compression index (C’c) and a modified secondary 
compression index (C’α) suitable for calculating the settlement of the existing in-place waste at 
WDI under the effect of increasing overburden pressures. 
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Table 1A. Soil Properties for Settlement Analysis 

Soil Type Thickness [ft] Moist Unit Weight [pcf] 

Final cover soil 4 135 
New waste Varies 103* 

Existing cover soil Varies 135 
Existing waste Varies 91 

In-situ middle clay Varies 136 
In-situ lower clay (moist) Varies 128 

In-situ lower clay (saturated) Varies 128 
In-situ silt (saturated) 18 125 

In-situ sand (saturated) 45 115 
* Conservative (high) Value - see Table 1B. 

 
Table 1B. Supporting Survey Information Used to Evaluate the Unit Weight of Newly Placed Waste 

 Survey Years 2014 to 2021 
Tons waste received into the landfill 3,905,856 

Cubic yards airspace consumed 2,869,499 
Average Unit Weight (tons/cy) 1.36 

Average Unit Weight (pcf) 101 
 

Table 2. Compressibility Parameters of Waste and Soils 

Soil Type 
Primary 

Compression Ratio 
Cc/(1+ e0) 

Secondary 
Compression Ratio 

Cα/(1+ e0) 

Recompression Ratio 
Cr/(1+ e0) 

Existing cover 0.102[B] 0.005[B] 0.017[A] 
Existing waste 0.08[C] 0.024[C] 0.0133[A] 

In-situ middle clay 0.102 0.005 0.017[A] 
In-situ lower clay 0.171 0.009 0.0285[A] 

In-situ silt 0.15[B] 0[B] 0[B] 
In-situ sand 0.1[B] 0[B] 0[B] 

[A] Estimated from Cr = Cc/6.  
[B] Assumed values. 
[C] From Attachment A-2.3 
 

 The information for subsurface soils is based on General Profiles presented in Appendix A, 
Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume III – WDI Operating 
License Application Master Cells VI F & G by NTH Consultants (2011a). The same general profile 
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was used in the current MC VI permits for MC-VI-E, MC-VI-F, and MC-VI-G. Note that some 
uncertainty may exist in the interpretation of hydrogeological data due to natural soil’s inherent 
variability, conservative assumptions have been applied to produce a conservative estimate of 
settlement in this analysis.    

 
 

METHODOLOGY 
 

Total settlement is estimated using the 1-D compression equations (Coduto 1999).  Total settlement is 
calculated as: 

 
 S = Sc + Ss (1)  
 

Where:  

S = total settlement [ft] 
Sc = primary compression settlement due to load application [ft] 
Ss = secondary compression settlement due to creep effects [ft] 

 
Settlement caused by primary compression for a given layer of soil with uniform properties is calculated 
as: 

 = ℎ1 + +  (2) 
 

 
Where:  

Cc = primary compression index 
Cr = recompression index 
h0 = initial compressible layer thickness [ft] 
e0 = initial void ratio of the clay subgrade 
σ0 = initial overburden pressure acting on the compressible layer [psf] 
σi = final overburden pressure acting on the compressible layer [psf] 
σc = preconsolidation stress [psf], calculated using Equation 4.  

 
Settlement due to secondary compression is calculated using Equation 3 below: 
 

 = ℎ 1 +  (3)  

 
Where:  

Cα = secondary compression index 
H = layer thickness [ft] 
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t2 = time after application of load (assumed 70 years) 
t1 = time required to complete primary consolidation (assumed 40 years) 

 

 The elevations in this calculation sheet are referenced to Mean Sea Level (MSL). 

 The initial ground elevation (prior to initial development) was assumed to be approximately 705 ft. 
This value was inferred from the cross section profile from Engineering Drawings, Wayne 
Disposal, Inc. Site No.2 MC VI-F&G by NTH Consultants (2011b).  

 The preconsolidation pressure of the middle clay and lower clay, the major contributing 
compressible layers below the existing waste, was set equal to the initial effective overburden 
pressure acting on them prior to development. This value is used in Equation 2 to estimate 
settlement resulting from an initial load less than the preconsolidation pressure. The net settlement 
between construction of the overfill liner and the proposed final conditions is calculated with the 
soils in either a normally-consolidated state (i.e., compression is calculated using C’c) or over-
consolidated state (i.e., compression is calculated using C’r and C’c) depending on whether the 
initial stress is greater than the preconsolidation stress or not, respectively. Note that in most cases, 
both layers of soil have experienced a higher overburden pressure since initial development of the 
site. This value is calculated using Equation 4. 

 When applicable, calculation of settlement following cell construction accounts for changes in 
overburden pressure resulting from construction activities and landfill operations. 

 At each point selected along the leachate collection pipe system, the elevations for the existing 
ground, proposed or existing liner system, final cover, and the foundation soils are determined and 
used to compute the initial and final overburden pressures at each settlement point within the 
analysis using Equation 4 similarly to the preconsolidation pressure. Calculation spreadsheets for 
the settlement points in Cells MC-VI-E, MC-VI-F, MC-VI-G (Sub cells G1, G2, and G3) are 
presented in Attachment A-2.2.2. 
 

 , , =  × ℎ  (4) 
 

 
Where:  

σc,0,f = 
: preconsolidation stress [psf] : initial stress [psf] : final stress [psf] 

 = Unit weight of soil layer i [psf] 

hi = 
Thickness of layer i [ft] at settlement point as follows: 
For  use thicknesses of layers prior to development 
For  use thicknesses of layers up to existing elevations 
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For  use thicknesses of layers up to proposed final elevations 

 

 Soil layers are identified using subsurface soil profiles provided in “General Profiles” presented in 
Appendix A, Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume III – 
WDI Operating License Application Master Cells VI F & G by NTH Consultants (2011a). These 
layers include in-situ clay with varying degrees of compressibility (see Table 2). 

 Attachment A-2.2.1 presents the plan locations of the settlement analysis points within the cells. 
When the same point was used both for the leachate pipe flowline and cross-slope analyses, the 
liner elevation of the settlement point was raised by 1 foot in the cross-slope analysis to account 
for the leachate pipe trench depth in Subcells F1 through F4. 

 
 
CALCULATIONS 
 
Equations 1 through 4 were incorporated into a spreadsheet to conduct the settlement calculations. The 
settlement calculation output and resulting post-settlement slope(s) for the leachate collection pipes and 
cross slopes within the cells are presented in Tables 3 through 19 below. Attachment A-2.2.2 presents the 
cross-section profiles of the leachate collection pipe flowlines and cell floor cross slopes, and the settlement 
calculation spreadsheets for the individual points. 
 

Table 3. MC6E Leachate Pipe Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
P514 8641.95 6454.04 701.00 0.23 700.77
P512 8666.18 6226.32 705.21 0.59 704.62

P512 8666.18 6226.32 705.21 0.59 704.62
P510 8599.09 5958.86 709.36 0.25 709.11

P510 8599.09 5958.86 709.36 0.25 709.11
P508 8649.05 5748.66 712.17 0.80 711.37

P508 8649.05 5748.66 712.17 0.80 711.37
P506 8657.89 5468.01 716.07 1.03 715.04

P506 8657.89 5468.01 716.07 1.03 715.04
P505 8565.19 5246.41 719.62 2.18 717.44

1.4%

276

1.0%216

240 1.5% 1.0%

1.0%1.3%

1.8%

Min. Slope
Cross Slope

1.5%

229 1.0%

1.0%

1.7%

1.6%

1.0%

Elevation

281 1.3% 1.0%
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Table 4. MC6E E5300 Cross Slope Settlement Calculation Summary 

 
 
 

Table 5. MC6E Phase II-NE Cross Slope Settlement Calculation Summary 

 
 
 
 

Table 6. MC6G – G1 Pipe Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-84 8581.38 5296.64 719.00 5.43 713.57
SP-85 8533.44 5296.64 721.00 4.23 716.77

SP-85 8533.44 5296.64 721.00 4.23 716.77
SP-86 8488.08 5296.64 723.00 4.62 718.38

Elevation

4.2%

Min. Slope
Cross Slope

4.4%

48 2.0%

2.0%

6.7%

3.6%45

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
P-512 8666.18 6226.32 705.21 3.15 702.06
SP-66 8566.99 6221.70 714.00 2.13 711.87

SP-66 8566.99 6221.70 714.00 2.13 711.87
SP-67 8464.52 6211.68 722.00 4.11 717.89

SP-67 8464.52 6211.68 722.00 4.11 717.89
SP-68 8408.01 6206.15 725.00 4.72 720.28

SP-68 8408.01 6206.15 725.00 4.72 720.28
SP-69 8354.03 6200.87 727.00 3.64 723.36

SP-69 8354.03 6200.87 727.00 3.64 723.36
SP-70 8257.04 6191.39 731.00 5.35 725.65

SP-70 8257.04 6191.39 731.00 5.35 725.65
SP-71 8159.20 6181.82 735.00 3.92 731.08

3.7%

103

4.2%57

97 4.1%

5.5%

2.3%

2.0%5.3%

8.9%

Min. Slope
Cross Slope

7.8%

99 2.0%

2.0%

9.9%

5.8%

2.0%

Elevation

54 5.7% 2.0%

98 4.1% 2.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-13 7339.00 4082.84 668.00 3.40 664.60
SP-14 7339.00 4120.94 670.00 3.75 666.25

SP-14 7339.00 4120.94 670.00 3.75 666.25
SP-15 7339.00 4329.23 675.00 4.62 670.38

SP-15 7339.00 4329.23 675.00 4.62 670.38
SP-16 7339.00 4571.07 679.00 5.11 673.89

SP-16 7339.00 4571.07 679.00 5.11 673.89
SP-17 7338.93 4827.73 682.00 5.13 676.87

SP-17 7338.93 4827.73 682.00 5.13 676.87
SP-18 7338.96 4968.72 684.00 5.14 678.86

1.7% 1.0%

1.0%1.2%

208

1.4%242

141 1.4% 1.4%

257 1.2%

2.0%

5.2%

Min. Slope
Pipe Flowline Slope

2.4%

38

Elevation

1.0%

1.0%

1.0%

4.3%
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Table 7. MC6G – G2 Pipe Flowline Settlement Calculation Summary 

 
 
 

 Table 8. MC6G – G3 Pipe Flowline Settlement Calculation Summary 

 
 
 

Table 9. MC6G – G1 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 10. MC6G – G2 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-07 7843.09 4381.18 726.82 6.96 719.86
SP-08 7842.87 4261.26 722.00 3.91 718.09

SP-08 7842.87 4261.26 722.00 3.91 718.09
SP-09 7842.87 4160.67 718.00 3.14 714.86

SP-09 7842.87 4160.67 718.00 3.14 714.86
SP-10 7842.87 4009.79 712.00 3.30 708.70

SP-10 7842.87 4009.79 712.00 3.30 708.70
SP-11 7842.87 3939.91 709.22 3.83 705.39

Min. Slope
Pipe Flowline Slope

4.0%

1.0%

1.0%

1.5%4.0%120

Elevation

4.0%

101

4.1%151

70 4.7%

3.2%

4.0% 1.0%

1.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-01 7842.77 4394.77 726.99 6.91 720.08
SP-02 7822.70 4603.12 718.57 7.35 711.22

SP-02 7822.70 4603.12 718.57 7.35 711.22
SP-03 7800.62 4813.09 710.00 7.67 702.33

SP-03 7800.62 4813.09 710.00 7.67 702.33
SP-04 7776.87 5044.82 700.70 8.10 692.60

Min. Slope
Pipe Flowline Slope

4.1%

1.0%

1.0%

4.2%4.0%209

Elevation

211

4.2%233

4.2%

4.0% 1.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-15 7339.00 4329.23 675.00 4.62 670.38
SP-20 7180.19 4317.03 678.98 4.87 674.11

SP-17 7338.93 4827.73 682.00 5.13 676.87
SP-19 7179.21 4823.35 686.00 5.44 680.56

SP-17 7338.93 4827.73 682.00 5.13 676.87
SP-21 7493.33 4826.63 689.69 5.74 683.95

Min. Slope
Pipe Flowline Slope

2.5%

2.0%

2.0%

2.3%2.5%159

Elevation

160

4.6%154

2.3%

5.0% 2.0%

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-10 7842.87 4009.79 712.00 3.30 708.70
SP-12 7714.37 4002.92 717.80 0.39 717.41

Min. Slope
Pipe Flowline Slope

2.0%6.8%4.5%129

Elevation
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Table 11. MC6G – G3 Cross Slope Flowline Settlement Calculation Summary 

 
 

 
Table 12. MC6F – F1 Pipe Flowline Settlement Calculation Summary 

 
 

 
 

Table 13. MC6F – F2 Pipe Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-02 7822.70 4603.12 718.57 7.35 711.22
SP-05 7898.60 4609.46 723.20 7.46 715.74

SP-02 7822.70 4603.12 718.57 7.35 711.22
SP-06 7764.39 4602.88 724.00 7.44 716.56

58 9.2%

Min. Slope
Pipe Flowline Slope

9.3%

2.0%

2.0%

5.9%6.1%76

Elevation

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-18 8104.44 3986.36 716.35 5.41 710.94
SP-19 8104.44 4067.43 720.00 6.30 713.70

SP-19 8104.44 4067.43 720.00 6.30 713.70
SP-20 8104.44 4200.76 726.00 7.83 718.17

SP-20 8104.44 4200.76 726.00 7.83 718.17
SP-21 8104.44 4310.91 730.96 8.46 722.50 1.0%

133

3.9%110 4.5%

4.5%

Min. Slope
Pipe Flowline Slope

4.5%

81 1.0%

1.0%

3.4%

3.4%

Elevation

Liner Grade
Point North East Flowline Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-14 8441.35 3991.88 709.74 5.38 704.36
SP-15 8441.35 4131.87 713.94 6.54 707.40

SP-15 8441.35 4131.87 713.94 6.54 707.40
SP-16 8441.35 4280.39 718.40 6.43 711.97

Elevation

3.0%

Min. Slope
Pipe Flowline Slope

3.0%

140 1.0%

1.0%

2.2%

3.1%149



  Page 10 of 12 
CALCULATION SHEET Project No.:   1208070015.005 
Client: Wayne Disposal, Inc.  Calculated By: RR Date: 5/16/2022 
Project: WDI Final Cover Grading Modification Checked By: KF Date: 5/17/2022 
Calculation: Settlement Analysis Approved By: XZ Date: 5/17/2022 

  

 
Table 14. MC6F – F3 Pipe Flowline Settlement Calculation Summary 

 
 
 

Table 15. MC6F – F4 Pipe Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-7 8529.72 4583.16 709.66 3.70 705.97
SP-7b 8480.14 4583.16 711.70 4.54 707.15

SP-7b 8480.14 4583.16 711.70 4.54 707.15
SP-8 8357.69 4583.16 716.72 3.52 713.19

SP-8 8357.69 4583.16 716.72 3.52 713.19
SP-8b 8235.24 4583.16 721.74 5.84 715.90

SP-8b 8235.24 4583.16 721.74 5.84 715.90
SP-9 8193.03 4583.16 723.47 5.73 717.73

SP-9 8193.03 4583.16 723.47 5.73 717.73
SP-9b 8150.83 4583.16 727.78 7.92 719.86

SP-9b 8150.83 4583.16 727.78 7.92 719.86
SP-10 8134.31 4583.16 728.61 8.11 720.50

SP-10 8134.31 4583.16 728.61 8.11 720.50
SP-10b 8035.92 4583.16 733.53 9.22 724.31

SP-10b 8035.92 4583.16 733.53 9.22 724.31
SP-11 7975.92 4583.16 736.53 9.56 726.9760 5.0% 4.4% 1.0%

98 5.0% 3.9% 1.0%

1.0%

4.1%

42

17

1.0%

5.0% 3.8% 1.0%

Min. Slope
Floor/Pipe Slope

1.0%

1.0%

2.4%

4.9%

Elevation

4.1%

4.3%42 4.1%

122

2.2%

50

122 1.0%4.1%

10.2% 5.0%

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-1 8515.67 4957.47 700.50 3.49 697.01
SP-1b 8481.11 4957.47 702.23 4.49 697.73

SP-1b 8481.11 4957.47 702.23 4.49 697.73
SP-2 8360.25 4957.47 708.27 6.06 702.21

SP-2 8360.25 4957.47 708.27 6.06 702.21
SP-2b 8239.39 4957.47 714.31 7.39 706.92

SP-2b 8239.39 4957.47 714.31 7.39 706.92
SP-3 8190.21 4957.47 716.77 6.51 710.27

SP-3 8190.21 4957.47 716.77 6.51 710.27
SP-3b 8141.04 4957.47 719.23 6.52 712.71

SP-3b 8141.04 4957.47 719.23 6.52 712.71
SP-4 8035.92 4957.47 724.49 10.34 714.15

SP-4 8035.92 4957.47 724.49 10.34 714.15
SP-4b 7975.92 4957.47 727.49 9.76 717.73

1.0%5.0%

5.0% 6.8%

Elevation

5.0%

3.9%121 5.0%

3.7%

35

121

Min. Slope
Floor/Pipe Slope

1.0%2.1%

49

49

1.0%

5.0% 5.0% 1.0%

60 5.0% 6.0% 1.0%

105 5.0% 1.4% 1.0%

1.0%
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Table 16. MC6F – F1 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 17. MC6F – F2 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 18. MC6F – F3 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Table 19. MC6F – F4 Cross Slope Flowline Settlement Calculation Summary 

 
 
 

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-19b 8154.60 4063.30 735.96 6.62 729.34
SP-19d 8181.85 4063.30 737.57 6.06 731.51

SP-19d 8181.85 4063.30 737.57 6.06 731.51
SP-19a 8215.56 4063.30 739.57 6.14 733.42

SP-19a 8215.56 4063.30 739.57 6.14 733.42
SP-19c 8256.70 4063.30 742.00 5.91 736.09 2.0%5.9%

Elevation

5.9%

34

6.5%

27

41

Min. Slope
Floor/Pipe Slope

2.0%

2.0%

8.0%

5.7%5.9%

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-15 8441.35 4131.87 715.04 7.29 707.75

SP-15c 8476.72 4131.87 715.98 6.85 709.12

SP-15c 8476.72 4131.87 715.98 6.85 709.12
SP-15b 8525.36 4131.87 717.26 5.59 711.67

SP-15b 8525.36 4131.87 717.26 5.59 711.67
SP-15a 8574.00 4131.87 718.55 5.27 713.28

SP-15a 8574.00 4131.87 718.55 5.27 713.28
SP-15d 8626.95 4131.87 719.95 3.94 716.01

2.0%

3.9%

5.3%2.6%

Elevation

2.6%

5.1%53 2.6%

49

3.3%

35

49

Min. Slope
Floor/Pipe Slope

2.0%

2.0%2.6%

2.0%

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-10b 8035.92 4583.16 734.63 9.39 725.24
SP-12 8035.92 4738.22 739.78 8.56 731.22

SP-10b 8035.92 4583.16 734.63 9.39 725.24
SP-13 8035.92 4425.42 739.86 10.33 729.53

Elevation

3.3%

158

155

Min. Slope
Floor/Pipe Slope

2.0%

2.0%

3.9%

2.7%3.3%

Liner Grade
Point North East Pipe Invert Elevation Settlement Length Post-Settlement Pre-Settlement Post-Settlement

[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-4 8035.92 4957.47 725.59 10.34 715.24
SP-5 8035.92 4774.37 731.66 6.97 724.68

SP-4 8035.92 4957.47 725.59 10.34 715.24
SP-6 8035.92 5142.88 731.74 9.22 722.51

3.3%

Min. Slope
Floor/Pipe Slope

2.0%

2.0%

5.2%

3.9%

Elevation

3.3%

185

183
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CONCLUSIONS 
 
The post-settlement slope of the leachate collection pipe should be at least 1% and each cell floor cross 
slope should be at least 2% per Rule 299.9620 (4) (EGLE 2020). This calculation estimated the settlement 
at points along the leachate collection pipe and cross slopes within cells affected by the proposed revised 
final grades. The settlement of each of these points was used to calculate the post-settlement slopes of the 
liner system in these cells. This settlement analysis determined that all leachate collection pipes and cross 
slopes within MC VI-E, MC-VI-F, and MC-VI-G sub cells G1, G2, and G3 meet the required minimum 
post-settlement slopes.  
 
 
REFERENCES 
 
Coduto, D.P. (1999) Geotechnical Engineering: Principles and Practices, Prentice-Hall Inc., New Jersey 
 
EGLE (2020) Part 111 Administrative Rules, Department of Environment, Great Lakes, and Energy 
Hazardous Waste Management, Materials Management Division.  
 
NTH Consultants, Ltd. (2011a) Volume III – WDI Operating License Application Master Cells VI F & G. 
 
NTH Consultants, Ltd. (2011b) Engineering Drawings. Wayne Disposal, Inc. Site No. 2 Master Cell VI-
F&G. 
 
NTH Consultants, Ltd. (2008) Master Cell VI-E Design Modification Plans. Wayne Disposal, Inc. Site No. 
2. 
 
 



Attachment A-2.2.1 

Settlement Analysis Points 

Final Cover Grading Modification 
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Attachment A-2.2.2 

Cross-section Profiles and Settlement Calculation Spreadsheets 

Final Cover Grading Modification 
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6. Attachment A-2.3 Waste Compression Index Estimation



Attachment A-2.3 

Estimation of In-Place Waste Compression Index 
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ESTIMATION OF IN-PLACE WASTE COMPRESSION INDEX 
 
OBJECTIVE 
 
The purpose of this calculation is to estimate a modified compression index (C’c) and a modified secondary 
compression index (C’ ) suitable for calculating the settlement of the existing in-place waste at WDI under 
the effect of increasing overburden pressures. 
 
METHODOLOGY AND RESULTS 
 
Existing solid waste layers in-place in Master Cells (MC) I, IV, and V at WDI are expected to compress 
when subjected to additional overburden pressure resulting from cell construction and landfill operations. 
Credible estimates of settlement resulting from this compression are needed to evaluate potential settlement 
effects of overlying cells and to mitigate those effects through engineering design. Compression due to 
changes in overburden pressure is termed primary compression. Modified compression index C’c is defined 
with respect to primary compression settlement (Sc [ft]) as  
 

 ܵ = ℎ′ܥ ൬݈݃   ൰ (1)ߪߪ

Where:  

C’c = modified compression index 
h0 = initial compressible layer thickness [ft] 
σ0 = initial overburden pressure acting on the compressible layer [psf] 
σi = final overburden pressure acting on the compressible layer [psf] 

 
The modified compression index for existing waste at WDI was estimated using three methods: 
 

 McDougall (2011, see Attachment A-2.3.1) reports values of C’c between 0.08 and 0.26 for old 
waste, including one example where C’c = 0.08 for a landfill with waste 15-20 years old. The age 
of the waste in MC I, IV, and V are above 40 years (Att. A). Therefore, C’c = 0.08 is accepted as 
representative for WDI.  

 NTH (2008, see Attachment A-2.3.2) monitored settlement profiler conduits embedded beneath 
MC VI-E and above MC V to measure changes in elevation from the time the MC VI-E floor was 
constructed above MC V. Table 1 presents the results of relevant data collected from the “North-
South” profiler. These data were selected for analysis due to their completeness, the relative length 
of the profiler conduit compared to others at the site, and the relatively high MC-VI waste fill above 
the profilers. These attributes make these data more relevant to the objective of this calculation than 
other profiler data collected. Using the available data about the in-place waste thickness and the 
thickness of new waste overburden, NTH (2008) calculated values of C’c  from these data. NTH 
(2008) assumed values of unit weight and layer thickness for various components of the system as 
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shown in Table 2. NTH (2008) Calculated values of C’c between 0.04 to 0.17 from these data (Table 
1). The median of these calculated C’c values is 0.07. 

 

Table 1. Estimates of Modified Compression Index from North-South Profiler, March 2007 Monitoring 
Event Reported by NTH (2008). 

Estimation of Modified Compression Index  
North-South Profiler 

March 2007 Monitoring Event 

Station 
Baseline Measured 
Pipe Elevation (ft) 

Measured 
Settlement (ft) 

MC V Waste 
Thick (ft) 

MC VI-E 
Waste Thick 

(ft) 
Estimated Mod. 

Compression Index 
120 736.85 0.51 36.8 13.7 0.07 
140 736.51 0.44 36.5 18.1 0.05 
160 735.89 0.45 35.9 25.2 0.04 
180 736.49 0.63 36 29.5 0.05 
200 735.13 0.69 34.1 30.9 0.05 
220 734.53 0.49 33 27.7 0.04 
240 734.23 0.64 32.2 23.1 0.06 
260 733.59 0.55 31.6 21.2 0.06 
280 733.08 0.48 31.1 21.3 0.05 
300 732.83 0.77 30.3 21.5 0.08 
320 732.48 0.62 29.5 21.8 0.07 
340 731.61 0.52 29.6 23.2 0.05 
360 731.39 0.7 30.4 24 0.07 
380 730.9 0.74 30.4 24.2 0.07 
400 730.32 0.7 30.3 24.1 0.07 
420 729.76 0.66 29.8 21.6 0.07 
440 729.33 1.02 29.3 18.8 0.13 
460 728.77 0.92 35.8 17.9 0.1 
480 729.14 0.8 36.1 17.6 0.09 
500 728.29 1.34 35.3 15.1 0.17 
520 727.1 1.26 34.1 15.2 0.16 
540 726.44 1.09 33.4 14.8 0.15 
560 726.08 1.18 33.1 13.5 0.17 
580 725.6 1.09 32.6 12.7 0.17 
600 724.9 1.08 31.9 12.5 0.17 
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Table 2. Layer Unit Weights and Thicknesses Assumed by NTH (2008). 

Layer Thickness (ft) Unit Weight (pcf) 
MC VI-E Waste Varies 111 

MC VI-E Liner System 10 135 
MC V Gas Venting Layer 1 120 

MC V Waste Varies 60 
 

 NTH (2011a, Attachment A-2.3.3) conducted a full-scale settlement test within the MC IV footprint 
using a soil stockpile with buried settlement plates.  

a. The settlement plates were positioned such that surveys at the top of the settlement plates 
reported the elevation at the bottom of the stockpile. By surveying the settlement plates 
before and after fill placement, NTH (2011a) were able to estimate settlement of the 
subgrade under the increased overburden from the soil stockpile 

b. Calculations provided by NTH (2011a) assumed an in-place value of C’c  = 0.236 for MC 
IV waste and compared the resulting estimated settlement to measured values. 

c. CTI conducted an additional evaluation of these settlement data. CTI’s calculations differ 
from NTH (2011a) in two respects: 1) CTI estimated consolidation and the corresponding 
compression of the underlying clay subgrade and 2) CTI used the 2:1 method to estimate 
the influence of the stockpile loading on increases in vertical stress within the underlying 
compressible waste and soil layers.   A summary of this evaluation is presented in Table 3. 
Detailed intermediate calculation steps and equations are provided in Attachment A-2.3.4. 

d. Applying the 2:1 method (Holtz et al., 2011) where the stress at depth qz is calculated as qz 
= q0 BL / [(B + z)(L + z)] where q0 is the overburden stress at the ground surface, B is the 
loaded area width, L is the loaded area length, and z is the depth from ground surface to 
the layer considered.  

i. CTI subdivided the waste into three layers and the underlying clay into six layers. 
The purpose of the six clay layers was to calculate different degrees of 
consolidation relative to the bottom of clay so that a conservative estimate (i.e., 
reasonably high estimate) of compression at the time the settlement plates were 
surveyed could be made.  

ii. For the three waste layers, the effective stress at the midpoint of each layer was 
computed for the following time steps: 1) just prior to stockpile placement (30 
years after initial waste placement) and 2) 57 days after stockpile placement, 
corresponding to the available survey data. 

iii. The incremental change in effective vertical stress for each waste layer due to 
stockpile placement was then input to Eq. 1 with an assumed trial value of C’c to 
estimate the compression of that layer. This value of C’c was revised until the sum 
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of the clay and waste layer compression due to the stockpile equaled the measured 
value. 

iv. For the six clay layers, the effective stress at the midpoint of each layer was 
computed for the following time steps: 1) just prior to stockpile placement (30 
years after initial waste placement) and 2) 57 days after stockpile placement, 
corresponding to the available survey data. The effective stress calculation for each 
point considers both the excess pore pressure and degree of consolidation from 
initial waste placement and the excess pore pressure and degree of consolidation 
from the stockpile placement at the time of the survey measurement. To estimate 
the remaining excess pore pressure for these two load increments, a degree of 
consolidation U was computed for each point assuming double drainage of the clay 
(i.e., excess pore pressure can dissipate to both the MC IV waste and the underlying 
aquifer). Degree of consolidation for each point was computed numerically using 
Eq. 2, 3, and 4: 

 ܷ = ݑ − ݑ௭ݑ  (2)  

Where:  

u0 = Excess pore pressure prior to consolidation [psf] 
uz = Excess pore pressure following consolidation [psf], calculated using Eq. 3 

 

௭ݑ  =  2ݑܯ ݊݅ݏ ൬ܪݖܯௗ൰൨ୀଶହ
ୀ ݁ିெమ ೡ் (3) 

 

Where:  

m = Integer used to numerically evaluate series 
z = Depth to point where consolidation is being calculated [ft] relative to drainage face 

M = ( /2)(2m + 1) 
Hdr = Drainage length [ft] 
Tv = Time factor, calculated using Eq. 4 

 

 ௩ܶ = ܿ௩ܪݐௗଶ  (4) 
 

Where:  

cv = Coefficient of vertical consolidation [ft2/day] 
t = Elapsed time since excess pore pressure (from load) was applied [days] 
σi = final overburden pressure acting on the compressible layer [psf] 

 

v. Because the incremental increase in effective stress due to overburden pressure for 
a given time increment is equal to the total stress minus the remaining excess pore 
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pressure, the contribution of overburden pressure is equal to the product of the 
increase in total stress from that increment and the U for the same increment. 

vi. The compression of each of the six clay layers was computed as shown in 
Attachment A-2.3.4 using Eq. 1, where the initial effective stress and final 
effective stress correspond to the values computed prior to and 57 days after 
stockpile placement, respectively. 

vii. Following the calculation of waste and clay layer compression for each layer, the 
total estimated settlement was computed as the sum of these values and compared 
to the measured total settlement. The trial value of waste C’c was then adjusted 
and settlement recomputed until the estimated value matched the measured value. 

viii. A summary of the above calculations appears in Table 3. Table 3 reports the total 
settlement calculated for the clay layers as well as the compression estimated for 
each waste layer and the corresponding overburden pressure. Finally, Table 3 
reports the estimated value of C’c that yields the measured total settlement. CTI’s 
estimates of C’c from the settlement plate data are between 0.01 and 0.10. The 
median value is 0.08. 

 

  



  Page 6 of 8 
CALCULATION SHEET Project No.:   1208070015.005 
Client: Wayne Disposal, Inc.  Calculated By: KF Date: 5/4/2022 
Project: WDI Settlement Evaluation Checked By: XZ Date: 5/9/2022 
Calculation: Estimation of In-place Waste Compression Index Approved By:  Date:  

  

 
Table 3. CTI Interpretation of Settlement Plate Data from NTH (2011a) 

Settlement 
Plate 1 2 3 4 5 6 7 8 9 10 
Total 

Settlement 
(ft) 

0.13 0.71 0.73 0.63 0.79 0.78 0.78 0.78 0.79 0.30 

Clay 
Settlement 

(ft) 
0.06 0.06 0.05 0.04 0.05 0.05 0.05 0.06 0.06 0.06 

Waste  
Settlement 

Upper 
Layer (ft) 

0.03 0.28 0.31 0.27 0.35 0.30 0.36 0.31 0.31 0.10 

Surcharge 
Load (psf) 1488 1488 1471 1454 1506 1488 1471 1471 1488 1488 

Waste  
Settlement 

Middle 
Layer (ft) 

0.02 0.20 0.20 0.17 0.21 0.22 0.21 0.21 0.22 0.07 

Surcharge 
Load (psf) 1287 1273 1222 1209 1315 1260 1247 1247 1260 1260 

Waste 
Settlement 

Lower 
Layer (ft) 

0.02 0.17 0.17 0.14 0.17 0.21 0.17 0.20 0.20 0.07 

Surcharge 
Load (psf) 1128 1117 1045 1026 1173 1095 1075 1075 1085 1095 

Waste C'c 0.01 0.09 0.09 0.08 0.09 0.10 0.09 0.08 0.08 0.03 
 

Table 4. Layer Unit Weights and Thicknesses Assumed by CTI. 

Layer Thickness (ft) Unit Weight (pcf) 
Stockpile Varies 111 

Existing Cover Soil Varies [A] 120 
MC IV Waste Varies [B] 77 

Clay Subgrade Varies  
(Bottom Elevation = 641) [B] 

128.1 – 135.7 

Notes: 
[A] existing cover soil estimated as the difference between the top of waste elevation obtained from prior 
intercell dike investigations and the surface topo elevation at the time of the test 
[B] bottom of waste elevation estimated from prior intercell dike investigations; bottom of clay elevation 
obtained from hydrogeological investigation cross sections. 
 
Existing solid waste layers in-place in Master Cells (MC) I, IV, and V at WDI are expected to compress 
over time independently of overburden stress increments, termed secondary compression. Modified 
secondary compression index C’  is defined with respect to secondary compression settlement (S  [ft]) as  
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 ܵఈ = ఈℎ′ܥ ൬݈݃   ଵ൰ (5)ݐଶݐ

Where:  

h0 = initial compressible layer thickness [ft] 
t2 = 

Time at end of time increment for which secondary compression is being estimated 
[days] 

t1 = Time at beginning of time increment for which secondary compression is being 
estimated [days] 

 
The modified secondary compression index for existing waste at WDI was estimated using two methods: 

 McDougall (2011, see Attachment A-2.3.1) reports values of C’  between 0.001 and 0.24 for old 
waste. The range of values illustrates the uncertainty in this parameter and the difficulty of 
calculating it relative of other factors affecting measurement of landfill settlement. 

 NTH (2011b, see Attachment A-2.3.5) applied a value of C’  = 0.024 in its calculations based on 
and examination of site investigation data. Based on the values reported by McDougall (2011), this 
value is accepted as a conservative estimate for settlement calculation purposes. 

 
 
CONCLUSIONS 

 Full-scale measurements of settlement above existing waste in-place are preferred to laboratory 
measurements due to the inherent heterogeneity of waste. However, obtaining reliable values of 
C’c from these measurements requires methods to extract estimates of waste compression from 
settlement cause by other factors, such as compression of the underlying soil. 

 Based on data from three sources – a published article, a settlement profiler survey of MC V waste, 
and a stockpile settlement study of MC IV waste – CTI estimates that C’c = 0.08 is a representative 
value to use when calculating settlement of existing waste at WDI. These three sources of data 
show good agreement with each other and represent measurements of settlement that are relevant 
to the problem of compression due to additional overburden pressure considered for analysis and 
design of cell floors at WDI. 

 Based on available data, a value of C’  = 0.024 is proposed for use to estimate secondary 
compression settlement of existing waste. 
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