ATTACHMENT A
DESIGN CALCULATIONS



Physical/Mechanical Properties

A-1: Stability

The stability of the proposed liner system on the Master Cell (MC) VI-G liner and final grade slopes have
been evaluated. The proposed liner grade changes do not introduce any interface and/or internal shear
plane that is more critical than what is in the currently permitted liner system.

The slope stability analyses were conducted following similar approaches documented in the Basis of
Design Report in the current permit (approved by the Michigan Department of Environmental Quality on
May 4, 2012 and the Environmental Protection Agency on September 27, 2013), where the stability of the
sideslope under excavation, stability of the liner system under construction, stability of the waste mass
during filling, stability of the final cover, and stability of the long-term final closure were evaluated.
Attachment A-1 includes the results of the performed stability analyses.

A-2: Settlement

As required in Michigan Part 111 R299.9620 (4), the liner grades were designed at a minimum slope of 2%
in directions perpendicular to the leachate collection pipes. The leachate collection pipes were designed
at a minimum slope of 1%. Actual liner grades are shown in the Permit Engineering Drawings in
Attachment C.

The ability of the liner grades to maintain the required minimum slopes in the post-settlement was
evaluated for MC VI-E, MC VI-F and MC VI-G cells. The settlement of the underlying foundational soils and
existing MC | and MC IV waste due to the expected loading was examined. For each of the cells, the post-
settlement slope along the leachate collections pipe and a section of the cross-slope was calculated. The
calculation showed the slopes are equal or greater than the required values in all cells. Attachment A-2
includes the results of the performed settlement analyses.

Leachate Collection System Design

A-3: Pipe Strength

Leachate collection pipes and leachate sideslope risers were analyzed for structural stability under the
expected loads in MC VI-G. The pipes were analyzed for both deflection and factor of safety against wall
buckling. Both SDR 11 and SDR 9 pipes achieved acceptable factors of safety for wall buckling and
deflections. In addition, the leachate collection pipes in MC VI-E were evaluated for performance with the
final grade adjustments. The existing SDR-7 and 7.3 pipes achieved acceptable factors of safety for wall
buckling and acceptable deflections. Refer to Attachment A-3 for additional calculation information.

A-4: Leachate Collection System Flow Capacity

The leachate collection system consists of the leachate collection geocomposite, overlying sand leachate
collection layer, and leachate collection pipes. The perforated 8-inch diameter leachate collection pipes
are designed to be recessed in trenches on the cell floors of MC VI-F and G. The capacity of the leachate
collection pipes and the capacity of the perforations in the leachate collection pipes were analyzed and
found to surpass the maximum open condition leachate generation flow to the most critical pipes.
Therefore the 8-inch pipes along with the proposed perforation pattern meet the required flow capacity
for MC VI-G cells. For additional details see Attachment A-4.
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A-5: Leachate Head on Liner Analysis

The leachate collection system geocomposite drainage layer was designed using McEnroe’s equation for
maximum head on liner. The leachate collection system geocomposite and sand layers were designed by
determining the minimum geocomposite transmissivity required to achieve 1 foot of head on the liner or
less through a process of iteration. The resultant minimum geocomposite transmissivity for the MC VI G
subcells was determined to be within the range of standard industry materials and will be set as the
requirement for the construction of each subcell. For additional details see Attachment A-5.

A-6: Surface Water Management System

The storm water management system provides management of storm water runoff including control of
soil erosion. The storm water management system includes diversion berms, downslope channels, ditches,
culverts, storm sewers, and sedimentation basins. The system is designed to collect and control the run-
off from a 25-year, 24-hour storm event. Storm water basins are designed to contain run-off from a 100-
year, 24-hour storm event. Detailed design information for the storm water management system is
provided in Attachment A-6.

Conclusions

The calculations and information provided above and contained in the attachments demonstrate that the
proposed MC VI-G and Final Grade modification calculations, including slope stability, settlement, pipe
strength, leachate collection system flow, and storm water comply with the currently effective hazardous
waste regulatory requirements.

List of Supplemental Attachments

Attachment A-1: Slope Stability Analysis

Attachment A-2: Settlement Calculations

Attachment A-3: Pipe Strength and Deflection Calculations

Attachment A-4: Leachate Collection System Flow Capacity Analysis

Attachment A-5: Head-on-Liner Calculations and Minimum Geocomposite Transmissivity

Attachment A-6: Surface Water Calculations
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Project Name: WDI MC-VI-G4 through G7 Liner Client: Wayne Disposal, Inc.
Grade Modification
Project Number: 1208070039.004 Project Manager:  Chris Backus
Project Location: Belleville, Michigan QA Manager:

Calculation Sheet Information

Calculation Medium: Electronic
0 Hard copy Number of pages (including cover sheet):

Title of Calculation: Slope Stability Analyses
Calculation Originator: Mohammad Kabalan
Calculation Contributors:  Mohammad Kabalan
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 ltems

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. Strength
properties for the lower clay were modeled as a relationship of shear stress to effective normal stress, whereas
all other layers used the Mohr-Coulomb model with either an undrained shear strength or friction angle as
input. A shear strength to effective stress ratio of 0.22 was applied for the lower clay in accordance with
existing analyses (NTH 2012) to account for increases in shear strength resulting from increased overburden
pressure within the lower clay layer.
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Table 1: Material Properties
Strength
¢ ord Strength
Material Name Color in Profile Unit Wt(s) (pcf) (deg.) C or Ca (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 86 34 0

3 New Waste Light Green 103" 268! 3001®

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.220',

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

Notes:

[A] unit weight of waste determined from site survey data reported in 2020.
[B] representative value of waste strength as reported by Qian et al. (2002)

All other properties obtained from NTH (2012)

2. Forliner 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.

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 C-C’ assuming an interim waste slope of 3H:1V.
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Results/Conclusions

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 =1.66

b. Cross Section G-G’: Factor of Safety = 1.50
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 slideslope liner systems to yield a factor of
safety = 1.50. 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 = 1.50 (used to evaluate minimum friction angle)

b. Cross Section G-G’: Factor of Safety = 1.54
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 Cy,peak=164 psf / dpeak=11.1° and Cqjarge displacement=110 psf / Piarge
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 = 1.5
An example calculation of liner stability for an interim waste filling conditions is presented in Attachment 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.

Source Documents and References

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

Qian, X., Gray, D.H., and Koerner, R.M. (2002) Geotechnical Aspects of Landfill Design and Construction.

Attachments

NoubwnNnpeE

C-C’ Foundation Stability

G-G’ Foundation Stability

C-C’ Liner Stability under Final Conditions with zero adhesion

G-G’ Liner Stability under Final Conditions with zero adhesion

C-C’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values)
G-G’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values)
C-C’ Liner Stability under Interim Conditions (example interim stability calculation)
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C-C’ Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | C-C’ Foundation Stability File name: | MC-VI-
Short G_CrossSection_C_Found
Name: ation.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: | 10/6/21 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.
Effective Stress Static [ Seismic Pore Pressure Optimized Surface
Total Stress
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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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Geotechnical Engineering SOP
CTIl and Associates, Inc.
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SLOPE STABILITY ANALYSIS REPORT FORM

5 &8 8 8

8
|

740 —

Elevation (ft)

700 —

150

250

450

550
Distance (ft)

650

750

Unit Minimum | Tau/Sigma| Effective | Effective| Phi-B | Piezometric | B-bar | Add
W eight | Strength | Ratio Cohesion | Friction | (°) Line W eight
(pcf) | (psf) (psf) Angle (°)
. Cower Sail Mohr-Coulomb | 130 1,500 0 0 1 0 No
[ | Bdsting Mohr-Coulorb | 86 0 K1 0 1 0 No
Granular
Waste
] | Liner (floor) | Mohr-Coulomb | 120 0 132 0 1 0 No
B |urer Mohr-Coulomb | 120 0 9 0 1 0 No
(sideslope)
B [loverClay |SHANSEP 133 0 022 1 1 Yes
] [MiddeClay | Mohr-Coulomb | 136 3,000 0 0 1 0 No
[ ] |NewRefuse |Mohr-Coulomb| 103 300 % 0o |1 0 |No
B [sad Mohr-Coulomb | 115 0 32 0o |1 0 |No
L REL Mohr-Coulomb | 125 0 8 0o |1 0 |No
[ ] |Structural Fill| Mohr-Caulomb | 130 1,500 0 0 1 0 No
. Upper Clay | Mohr-Coulomb | 131 1,325 171 0 1 0 No
850 950 1,050 1,150 1,250

Geotechnical Engineering SOP
CTl and Associates, Inc.
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SLOPE STABILITY ANALYSIS REPORT FORM

Distance (ft)

Unit Minimum | Tau/Sigma| Effectiv e | Effectiv e| Phi-B | Piezometric| B-bar | Add
Weight | Strength | Ratio Cohesion| Friction |(°) Line Weight
(pcf) (psf) (psf) Angle (°)
. Cover Soil Mohr-Coulomb | 130 1,500 0 0 1 0 No
[ |Existing Mohr-Coulomb | 86 0 34 0 1 0 No
Granular
Waste
. Liner (floor) | Mohr-Coulomb | 120 0 13.2 0 1 0 No
Il |liner Mohr-Coulomb | 120 0 9 0 1 0 No
(sideslope)
. Lower Clay |SHANSEP 133 0 0.22 1 1 Yes
|:| Middle Clay |Mohr-Coulomb|136 3,000 0 0 1 0 No
D New Refuse | Mohr-Coulomb | 103 300 26 0 1 0 No
. Sand Mohr-Coulomb | 115 0 32 0 1 0 No
B |silt Mohr-Coulomb | 125 0 28 0 1 0 No
D Structural Fill| Mohr-Coulomb | 130 1,500 0 0 1 0 No
[ |upperClay |Mohr-Coulomb|131 1,325 17.1 0 1 0 No
850 950 1,050 1,150 1,250

Geotechnical Engineering SOP
CTl and Associates, Inc.
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Attachment A-1.2

G-G’ Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | G-G’ Foundation Stability File name: | MC-VI-
Short G_CrossSection_G_Foun
Name: dation.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: | 10/6/21 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.
Effective Stress Static [ Seismic Pore Pressure Optimized Surface
Total Stress
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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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SLOPE STABILITY ANALYSIS REPORT FORM

Elevation (ft)

940—
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Color | Name Model Unit Minimum | Tau/Sigma| Effective | Effective| Phi-B | Piezometric | B-bar | Add
W eight | Strength | Ratio Cohesion | Friction | (°) Line W eight
(pcf) | (psf) (psf) Angle ()
. Cower Sall Mohr-Coulomb | 130 1,500 0 0 1 0 No
[ | Bisting Mohr-Caulomb | 91 0 %) 0o |1 0 |No
Granular
Waste
] |Liner (floor) | Mohr-Coulomb | 120 0 132 0 1 0 No
B |urer Mohr-Coulomb | 120 0 9 0 1 0 No
(sideslope)
. Lower Clay | SHANSEP 128 0 0.22 1 1 Yes
. Middle Clay | Mohr-Coulomb | 136 3,000 0 0 1 0 No
D NewRefuse | Mohr-Coulomb | 103 300 26 0 1 0 No
B |sad Mohr-Coulomb | 115 0 R 0o |1 0 No
L REL Mohr-Coulomb | 125 0 28 0o |1 0 No
[ ] |Structural Fill| Mohr-Coulomb | 130 1,500 0 0 1 0 No
. Upper Clay | Mohr-Coulomb | 128 1,325 0.001 0 1 0 No |
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SLOPE STABILITY ANALYSIS REPORT FORM
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y .
920 Color | Name Model Unit Minimum | Tau/Sigma | Effective | Effective | Phi-B | Piezometric
900 Weight | Strength | Ratio Cohesion | Friction | (°) Line Weight
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] |cover Soil | Mohr-Coulomb | 130 1,500 0 0 1 0 No
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B | Existing Mohr-Coulomb | 91 0 34 0 1 0 No
840 Granular
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Attachment A-1.3

C-C’ Liner Stability under Final Conditions with zero adhesion



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | C-C’ Liner Stability File name: | MC-VI-
Short G_CrossSection_C_Liner_
Name: HOL.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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 B

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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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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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.4

G-G’ Liner Stability under Final Conditions with zero adhesion



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | G-G’ Liner Stability File name: | MC-VI-
Short G_CrossSection_G_Liner.
Name: gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: | 10/6/21 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.
Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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Factor of Safety: | 1.58 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.5

C-C’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values)



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | C-C’ Liner Stability File name: | MC-VI-
Short G_CrossSection_C_Liner_
Name: tested_values.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: | 10/6/21 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.

O] Effective Stress Static [ Seismic Pore Pressure Optimized Surface
Total Stress
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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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 B

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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Comments:
Attachments: | Slope/W Cross Section and Results
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SLOPE STABILITY ANALYSIS REPORT FORM
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.6

G-G’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values)



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | G-G’ Liner Stability File name: | MC-VI-
Short G_CrossSection_G_Liner
Name: _tested_values.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/05/21 Date: | 10/05/21 Date: | 10/6/21 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.

Effective Stress Static [ Seismic [] Pore Pressure Optimized Surface
Total Stress

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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 91 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.226'y

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

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plan View:
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Comments:
Attachments: | Slope/W Cross Section and Results
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SLOPE STABILITY ANALYSIS REPORT FORM
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.7

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



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI MC-VI-G4 through G7 Liner Grade Modification
Name:
Project | 1208070039.004 Client: | Wayne Disposal, Inc.
Number:
Analysis | C-C’ Liner Stability File name: | MC-VI-
Short G_CrossSection_C_Interi
Name: mSlope.gsz
Revision: 1 Originated: MK Checked: KF Approved:
Date: | 11/03/21 Date: | 11/03/21 Date: | 11/04/21 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.
O] Effective Stress Static [ Seismic [ Pore Pressure Optimized Surface
Total Stress
Additional Details:

Strength
Unit Wt(s) | Strength C or Ca
Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 91 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.226'y
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)
L] Preconstruction [ Construction Interim [ Final [ Existing [ Back-Analysis
Construction Phase Represented: | Interim Waste Filling
Other Geometry Notes: | Cross Section C

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM
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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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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

0 Hard copy Number of pages (including cover sheet):

Title of Calculation: Slope Stability Analyses

Calculation Originator: Mohammad Kabalan

Calculation Contributors: Mohammad Kabalan, 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:

PwwnNPE

Cross Section G-G’ oriented North-South passing through Cell MC-VI-F.

Cross Section H-H’ oriented North-South at Easting 5300 and going through Cell MC VI-E and existing MC IV.
Cross Section I-I’ oriented East-West and going through Cell MC VI-G, Sub Cell G1.

Cross Section J-J’ oriented East-West and going through Cell MC VI-G, Sub Cell G2.

Assumptions and Open ltems

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, NTH 2008) and are presented in Table 1.
Strength properties for the lower clay were modeled as a relationship of shear stress to effective normal stress,
whereas all other layers used the Mohr-Coulomb model with either an undrained shear strength or friction
angle as input. A shear strength to effective stress ratio of 0.22 was applied for the lower clay in accordance
with existing analyses (NTH 2012) to account for increases in shear strength resulting from increased
overburden pressure within the lower clay layer.




Cti

QMS Form - Calculations

Page 2 of 4
Table 1: Material Properties
Strength
¢ ord Strength
Material Name Color in Profile Unit Wt(s) (pcf) (deg.) C or Ca (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 86 34 0

3 New Waste Light Green 103" 268 3001

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.220'y

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

Notes:

[A] Unit weight of waste determined from site survey data reported in 2020.
[B] Representative value of waste strength as reported by Qian et al. (2002).
[C] MC V waste properties as reported in NTH (2008).

All other properties obtained from NTH (2012).

2. Forliner 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.

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.
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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 = 1.63
b. Cross Section H-H’: Factor of Safety = 1.57
c. Cross Section |-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 = 1.65
b. Cross Section H-H’: Factor of Safety = 1.85
c. Cross Section I-I': Factor of Safety = 1.7
d. Cross Section J-J': Factor of Safety = 1.6
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 Cypea=164 psf /
Ppeak=11.1° and Cq jarge displacement=110 PSF / Piarge displacement=7.3° achieves an acceptable factor of safety.
a. Cross Section I-I': Factor of Safety = 1.6
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 7.
The required interface friction angle for the floor liner system was determined to be 12 degrees (peak). Actual
interim phasing plan slopes and tested liner system interface properties shall be evaluated for each phase of fill
per 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 Il — Basis of Design Report
Qian, X., Gray, D.H., and Koerner, R.M. (2002) Geotechnical Aspects of Landfill Design and Construction.

Attachments

Traces of Cross Sections

G-G’ Foundation Stability

H-H’ Foundation Stability

I-I" Foundation Stability

J-J’ Foundation Stability

G-G’ Liner Stability under Final Conditions with zero adhesion

H-H’ Liner Stability under Final Conditions with zero adhesion

I-I’ Liner Stability under Final Conditions with zero adhesion

J-J' Liner Stability under Final Conditions with zero adhesion

10 I-I’ Liner Stability under Final Conditions with non-zero adhesion (previously tested values)
11. J-J Liner Stability under Final Conditions with non-zero adhesion (previously tested values)
12. J-J' Liner Stability under Interim Conditions (example interim stability calculation)
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Traces of Cross Sections
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1. THE BASE MAP WAS CREATED USING AN AERIAL
DRONE SURVEY PROVIDED BY DRONEVIEW
TECHNOLOGIES, DATED DECEMBER 10, 2020.
UPDATED WITH DRONE AERIAL SURVEY DATED
APRIL 2, 2021.

2. CLEANOUTS IN MC VI-AN, AS, B, C, AND D ARE
TO BE ABANDONED EXCEPT B1, C1, D1 THROUGH
D3, D14, D17, D18, AND AST.

5. BEFORE PLACING WASTE AROUND MC VI-C
SUMP RISER, A MONITORING PROGRAM SHOULD
BE IMPLEMENTED TO MONITOR ITS FUNCTIONALITY.

4. PRIOR TO PLACING WASTE AROUND CLEANOUTS
E—22 THROUGH E—26, THE CLEANOUTS SHOULD
BE EVALUATED TO DETERMINE IF THE LEACHATE
COLLECTION LINE CAN BE CLEANED BY A SINGLE
ACCESS POINT. IF NOT, THE CLEANOUT SHOULD
BE EXTENDED.
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G-G’ Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | G-G’ Foundation Stability File name: | MC-VI-
Short F_CrossSection_G_Found
Name: ation.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress
Total Stress

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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 86 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.22c’,

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 CTl and

Associates, Inc.

Source of Subsurface Profile:

Basis of Design Report - NTH (2012)

Geotechnical Engineering SOP
CTIl and Associates, Inc.

Page 1 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

[J Preconstruction [ Construction [ Interim Final [ Existing [ Back-Analysis
Construction Phase Represented: | Final Build out
Other Geometry Notes: | Cross Section G

Factor of Safety: | 1.6 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

940 —
920 —
900 —
880 —
860 —
Color | Name Model Unit Minimum| Tau/Sigma| Effective |Effective | Phi-B|Piezometric| B-bar | Add
840 |— Weight | Strength | Ratio Cohesion|Friction |(°) Line Weight]
(pch) | (psh (psf) Angle ()
Cover Sail | Mohr-Coulomb 130 1,500 0 0 1 0 No
820
. Existing Mohr-Coulomb| 91 0 34 0 1 0 No
Granular
800 — Waste
E 780 . Liner (floor) | Mohr-Coulomb| 120 0 13.2 0 1 0 No
N —
c B |urer Mohr-Coulomb) 120 0 9 0 1 0 No
= 760 — (sideslope)
"C-U' - Lower Clay |SHANSEP |128 0 0.22 1 1 Yes
q>_> 740 — [] |Midde Clay | Mohr-Coulomb 136 3,000 0 0 1 0 [No
L 70 D New Refuse | Mohr-Coulomb)
B [sad Mohr-Coulomb)
700 — | st Mohr-Coulomi)
680 | [] |sStructural Fil Mohr-Coulomby
- I s o I O ) G S L
640 —
620 —
600 —
580 S
-300 -100 100 300 500 700 900 1,100 1,300 1,500 1,700 1,90

Distance (ft)
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840 —

820 —

800 —

780 —

Elevation (ft)
T

720 —

700 —

680 —

660 —

600 —

-300

SIS REPORT FORM

-100 100 300 500 700 900 1,100

Distance (ft)

Name Model Unit Minimum| Tau/Sigma| Effective |Effective |Phi-B |Piezometric|B-bar |Add
Weight|Strength |Ratio Cohesion |Friction |(°) Line Weight
(pcf) | (psfh) (psf) Angle ()
. Cover Soil | Mohr-Coulomb| 130 1,500 0 0 1 0 No
. Existing Mohr-Coulomb| 91 0 34 0 1 0 No
Granular
Waste
. Liner (floor) | Mohr-Coulomb| 120 0 13.2 0 1 0 No
. Liner Mohr-Coulomb| 120 0 9 0 1 0 No
(sideslope)
. Lower Clay |SHANSEP  [128 0 0.22 1 1 Yes
D Middle Clay | Mohr-Coulomb| 136 3,000 0 0 1 0 No
D New Refuse | Mohr-Coulomb| 103 300 26 0 1 0 No
. Sand Mohr-Coulomb| 115 0 32 0 1 0 No
. Sitt Mohr-Coulomb| 125 0 28 0 1 0 No
D Structural Fill Mohr-Coulomb| 130 1,500 0 0 1 0 No
. Upper Clay | Mohr-Coulomb| 128 1,325 0.001 0 1 0 No

1,300

1,500 1,700

1,900

Geotechnical Engineering SOP
CTl and Associates, Inc.
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Attachment A-1.3

H-H’ Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | H-H’ Foundation Stability File name: | MC-VI-
Short E_CrossSection_H_Found
Name: ation.gsz
Revision: 0 Originated: KM Checked: MK Approved: KF
Date: | 10/07/21 Date: 6/3/21 Date: | 10/07/21 Date: | 10/7/21

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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
Total Stress
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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.22c’,
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

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



SLOPE STABILITY ANALYSIS REPORT FORM

Plans. Wayne Disposal, Inc. Site No. 2 by NTH Consultants
(2008).
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 CTl 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

Factor of Safety: | 1.6 ‘ Acceptable [ Not Acceptable [ Follow-up [l Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

940 —
920
900
880
860
840
820
Unit Minimum| Tau/Sigma| Effective | Effective|Phi-B |Piezometric|B-bar | Add
Weight| Strength | Ratio Cohesion|Friction |(°) Line Weight
800 (pc) | (psh) (psf) Angle ()
= [] |Final Cover | Mohr-Coulomb 130 1,500 0.01 0 1 0 [No
— 780
- . Liner (floor) | Mohr-Coulombl| 120 0 25 0 1 0 No
o
= 760 Lower Clay | SHANSEP | 133 0 0.22 1 1 Yes
g
O B [mcv Mohr-Coulombl 60 0 28 0 1 0 No
m 740 Mixed
Waste
720 - Middle Clay | Mohr-Coulomb| 136 3,000 0.01 0 1 0 No
- New Waste | Mohr-Coulombl| 103 300 26 0 1 0 No
700
- Sand Mohr-Coulomb| 115 0 R 0 1 0 No
680 B |sit Mohr-Coulomb| 125 0 28 0 1 0 [No
660 ] | Upper Clay | Mohr-Coulomb) 131 1,325 0.01 0 1 0 No
640
620
600
580 R R
0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
Distance (ft)
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SLOPE STABILITY ANALYSIS REPORT FORM

800

900

1,000

1,100

Unit Minimum| Tau/Sigma| Effective |Effective | Phi-B|Piezometric|B-bar | Add
Weight | Strength |Ratio Cohesion|Friction [ (°) Line Weight
(pcf)  [(psf) (psf) Angle (°)
- Final Cover | Mohr-Coulomb| 130 1,500 0.01 0 1 0 No
- Liner (floor) | Mohr-Coulomb| 120 0 2.5 0 1 0 No
- Lower Clay | SHANSEP | 133 0 0.22 1 1 Yes
|:| MC V Mohr-Coulombj 60 0 28 0 1 0 No
Mixed
Waste
- Middle Clay | Mohr-Coulomb| 136 3,000 0.01 0 1 0 No
- New Waste | Mohr-Coulomb] 103 300 26 0 1 0 No
- Sand Mohr-Coulomb| 115 0 R 0 1 0 No
- Sitt Mohr-Coulomb| 125 0 28 0 1 0 No
- Upper Clay | Mohr-Coulomb| 131 1,325 0.01 0 1 0 No
1,200 1,300 1,400

Geotechnical Engineering SOP
CTl and Associates, Inc.
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Attachment A-1.4

I-I’ Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | |-’ Foundation Stability File name: | MC-VI-
Short G1_CrossSection_|_Foun
Name: dation.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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

Effective Stress Pore Pressure
Total Stress

Additional Details:

Optimized Surface

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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 86 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.22c’,

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 CTl and

Associates, Inc.

Source of Subsurface Profile:

Basis of Design Report - NTH (2012)

Geotechnical Engineering SOP
CTIl and Associates, Inc.
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SLOPE STABILITY ANALYSIS REPORT FORM

[J Preconstruction [ Construction [ Interim Final [ Existing [ Back-Analysis
Construction Phase Represented: | Final Build out
Other Geometry Notes: | Cross Section |

Factor of Safety: | 1.5 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

940 —

920 —

900 —

880 —

860 —

840 —

Color | Name Model Unit Minimum | Tau/Sigma| Effective | Effective| Phi-B | Piezometric | B-bar | Add

820 — W eight | Strength | Ratio Cohesion | Friction | (°) Line W eight

(pcf) | (psf) (psf) Angle (°)

800 . Cower Sail | Mohr-Coulomb | 130 1,500 0 0 1 0 No
= . Liner (floor) | Mohr-Coulomb | 120 0 132 0 1 0 No
~—~ 780 —

c B |Liner Mohr-Coulomb | 120 0 9 0 1 0 No
(@) 760 (sideslope)
T i |loverClay |[SHANSEP [133 |0 022 1 1 |Yes
>
D 740 — ] |Middle Clay| Mohr-Coulomb | 136 3,000 0 0 1 0 No
L D New Mohr-Coulomb | 103 300 26 0 1 0 No
720 — Refuse
. Sand Mohr-Coulomb | 115 0 32 0 1 0 No
700 —
| sit Mohr-Coulomb | 125 0 28 0 1 0 No

680 — = I | Upper Clay | Mohr-Coulomb | 131 1,325 171 0 1 0 No
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620 —

600 —

60 I [ [ [ Y N A R A B B | |
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OPE STABILITY ANALYSIS REPORT FORM

Color |Name Model Unit Minimum | Tau/Sigma| Effectiv e | Effectiv e| Phi-B | Piezometric| B-bar | Add
Weight | Strength | Ratio Cohesion| Friction |(°) Line Weight
(pcf) (psf) (psf) Angle (°)
. Cover Soil | Mohr-Coulomb| 130 1,500 0 0 1 0 No
. Liner (floor) Mohr-Coulomb | 120 0 13.2 0 1 0 No
B |Liner Mohr-Coulomb| 120 0 9 0 1 0 No
(sideslope)
. Lower Clay| SHANSEP 133 0 0.22 1 1 Yes
[] |Mddle |Mohr-Coulomb|136 3,000 |0 0 1 0 No
Clay
[] |New Mohr-Coulomb| 103 300 26 0 1 0 No
Refuse
B |sand Mohr-Coulomb| 115 0 32 0 1 0 No
B silt Mohr-Coulomb| 125 0 28 0 1 0 No
[ | upper Clay| Mohr-Coulomb| 131 1,325 17.1 0 1 0 No

5 g 8 8B 8B 8 B 8 8 %

Elevation (ft)
g

8

8

.8 8 8 8 8 &

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 4 of 4



Attachment A-1.5

J-J Foundation Stability



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | J-J’ Foundation Stability File name: | MC-VI-
Short G2_CrossSection_J_Foun
Name: dation.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static

Total Stress

1 Seismic

Pore Pressure

Optimized Surface

Additional Details:

to loading.

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

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.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)

1 Final Cover Orange 130 0 1500

2 Existing Waste Teal 86 34 0

3 New Waste Light Green 103 26 300

4 Upper Clay Brown 131 0 1325

5 Middle Clay Yellow 136 0 3000

6 Lower Clay Maroon 133 0.22c’,

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 CTl and

Associates, Inc.

Source of Subsurface Profile:

Basis of Design Report - NTH (2012)

Geotechnical Engineering SOP
CTIl and Associates, Inc.
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SLOPE STABILITY ANALYSIS REPORT FORM

[J Preconstruction [ Construction [ Interim Final [ Existing [ Back-Analysis
Construction Phase Represented: | Final Build out
Other Geometry Notes: | Cross Section J

Factor of Safety: | 1.5 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

g 8 8 8 8 8 8 8 8
|

Elevation (ft)
5 3

8 8 8 8 8 8 8 ¥

z
&
&

Distance (ft)

Unit Minimum | Tau/Sigma| Effectiv e | Effectiv e| Phi-B | Piezometric| B-bar | Add
Weight | Strength | Ratio Cohesion| Friction |(°) Line Weight
(pcf) (psf) (psf) Angle (°)
[} |coverSoil |Mohr-Coulomb|130 1500 |0 0 |1 0 [No
[ |Exsting | Mohr-Coulomb | 86 0 34 0 1 0 No
Granular
Waste
[ |Liner (floor) | Mohr-Coulomb | 120 0 13.2 0 |1 0 [No
. Liner Mohr-Coulomb | 120 0 9 0 1 0 No
(sideslope)
[ |LowerClay |[SHANSEP |133 |0 0.22 1 1 |Yes
[] |Mmiddie Clay| Mohr-Coulomb | 136 3000 |0 o 1 0 [No
[] |New Refuse| Mohr-Coulomb | 103 300 26 0 |1 0 [No
. Sand Mohr-Coulomb| 115 0 32 0 1 0 No
B silt Mohr-Coulomb| 125 0 28 0 |1 0 [No
B | Upper Clay | Mohr-Coulomb | 131 1,325 0.0001 |0 1 0 No
[] |UpperSand|Mohr-Coulomb|115 0 32 0 |1 0 [No
950 1050 1150 1250

Geotechnical Engineering SOP
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Color | Name Model Unit Minimum| Tau/Sigma| Effective |Effective |Phi-B|Piezometric| B-bar |Add
Weight|Strength |Ratio Cohesion |Friction |(°) Line Weight|
(pcf) | (psf) (psf) Angle (°)
. Cover Soil | Mohr-Coulomb| 130 1,500 0 0 1 0 No
. Existing Mohr-Coulomb| 86 0 34 0 1 0 No
Granular
Waste
. Liner (floor) | Mohr-Coulomb]| 120 0 13.2 0 1 0 No
. Liner Mohr-Coulomb| 120 0 9 0 1 0 No
(sideslope)
. Lower Clay |SHANSEP  |133 0 0.22 1 1 Yes
D Middle Clay | Mohr-Coulomb) 136 3,000 0 0 1 0 No
D New Refuse | Mohr-Coulomb| 103 300 26 0 1 0 No
. Sand Mohr-Coulomb| 115 0 32 0 1 0 No
. Sit Mohr-Coulomb| 125 0 28 0 1 0 No
. Upper Clay | Mohr-Coulomb] 131 1,325 0.0001 |0 1 0 No
D Upper Sand | Mohr-Coulomb| 115 0 32 0 1 0 No
A0 —

8 8 82 8 8 8 8

8

Elevation (ft)
g
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720
700
680
660
640
620
600
580
-150 50 50 150 250 350 450 550 650 750 850 950 1,050 1,150 1,250
Distance (ft)
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Attachment A-1.6

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



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | G-G’ Liner Stability File name: | MC-VI-
Short F_CrossSection_G_Liner.
Name: gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.220'y
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 CTl 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

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



SLOPE STABILITY ANALYSIS REPORT FORM

‘ Other Geometry Notes: ‘ Cross Section G ‘

Factor of Safety: | 1.7 ‘ Acceptable [ Not Acceptable [ Follow-up [l Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

940 —

920 —

900 —

880 —

860 | —

a0 Color |Name Model Unit Effective | Effective | Phi-B | Piezometric | B-bar | Add

Weight | Cohesion | Friction | (°) Line Weight

820 |— (pcf) (psf) Angle (°)
= [ | cover soil Mohr-Coulomb | 130 1,500 0 0 1 0 No
EZZZ D Liner (floor) Mohr-Coulomb | 120 0 13.2 0 1 0 No
é I K . Liner (sideslope) | Mohr-Coulomb | 120 0 9 0 1 0 No

o \ ----------------------- ] |NewRefuse Mohr-Coulomb | 103 | 300 26 o |1 0 |No

700 —

680 —

660 —

640 —

620 —

600 —

580 \ \ \ \ \ \ \ \ \ \ \ \ \ \

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800
Distance (ft)
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SLOPE STABILITY ANALYSIS REPORT FORM

Color | Name Model Unit Effective | Effective| Phi-B | Piezometric| B-bar | Add
W eight | Cohesion | Friction | (°) Line W eight
(pcf) | (psf) Angle (°)
D Covwer Soil Mohr-Coulomb | 130 1,500 0 0 1 0 No
I:l Liner (floor) Mohr-Coulomb | 120 0 132 0 1 0 No
- Liner (sideslope)| Mohr-Coulomb | 120 0 9 0 1 0 No
D New Refuse Mohr-Coulomb | 103 300 26 0 1 0 No
940 —
920 —
900 —
880 —
860 (—
840 —
820 —
800 (—
=
~ 780 —
C
_O
g 760 —
>
D 740 —
T}
720 —
700 —
680 —
660 —
640 —
620 —
600 —
580 | | | | | | | | | | | | | |
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800
Distance (ft)
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Attachment A-1.7

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



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | H-H’ Foundation Stability File name: | MC-VI-
Short E_CrossSection_H_Liner.
Name: gsz
Revision: 0 Originated: KM Checked: MK Approved: KF
Date: | 10/07/21 Date: 6/3/21 Date: | 10/07/21 Date: | 10/7/21

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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.22c’,
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

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM

Plans. Wayne Disposal, Inc. Site No. 2 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)
[J Preconstruction [ Construction [ Interim Final [ Existing [ Back-Analysis
Construction Phase Represented: | Final Build out
Other Geometry Notes: | Cross Section H

Factor of Safety: | 1.9 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM

860 —
840 —
820 —
800 —
780 —
760 —

@ 740 —

c

o

..c—_do 720—

o

W ‘oo Color | Name Model Unit Effective | Effective | Phi-B | Piezometric | B-bar | Add

W eight | Cohesion | Friction | (°) Line W eight
6801~ (pcf) | (psf) Angle (°)
660— ] |Final Cower | Mohr-Coulomb | 130 1,500 0.01 0 1 0 No
640l ] | Lirer (fioor) | Mohr-Caulomb | 120 0 132 0 1 0 No
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.8

I-I" Liner Stability under Final Conditions with Zero Adhesion



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | I-I’ Liner Stability File name: | MC-VI-
Short G1_CrossSection_|_Liner.
Name: gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.220'y
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 CTl 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

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



SLOPE STABILITY ANALYSIS REPORT FORM

‘ Other Geometry Notes: ‘ Cross Section | ‘

Factor of Safety: | 1.7 ‘ Acceptable [ Not Acceptable [ Follow-up [l Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.9

J-J' Liner Stability under Final Conditions with Zero Adhesion



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | J-J’ Liner Stability File name: | MC-VI-
Short G2_CrossSection_J_Liner.
Name: gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.220'y
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 CTl 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

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



SLOPE STABILITY ANALYSIS REPORT FORM

‘ Other Geometry Notes: ‘ Cross Section J ‘

Factor of Safety: | 1.6 ‘ Acceptable [ Not Acceptable [ Follow-up [l Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.10

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



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | I-I’ Liner Stability File name: | MC-VI-
Short G1_CrossSection_|_Liner
Name: _Tested_Values.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.22c’,
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 CTl 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 |

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



SLOPE STABILITY ANALYSIS REPORT FORM

Factor of Safety: | 1.6 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.11

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



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | J-J’ Liner Stability File name: | MC-VI-
Short G2_CrossSection_J_Liner
Name: _Tested_Values.gsz
Revision: 0 Originated: MK Checked: KF Approved:
Date: | 10/07/21 Date: | 10/07/21 Date: | 10/7/21 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.

Effective Stress Static [ Seismic Pore Pressure Optimized Surface
[ Total Stress
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.
Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.22c’,
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 CTl 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

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



SLOPE STABILITY ANALYSIS REPORT FORM

Factor of Safety: | 1.5 ‘ Acceptable [ Not Acceptable [ Follow-up [ Superseded
Comments:
Attachments: | Slope/W Cross Section and Results

Geotechnical Engineering SOP
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SLOPE STABILITY ANALYSIS REPORT FORM
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|:| Cover Sail Mohr-Coulomb| 130 1,500 0 0 1 0 No
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SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-1.12

J-J" Liner Stability under Interim Conditions (example interim stability calculation)



SLOPE STABILITY ANALYSIS REPORT FORM

Project | WDI Final Cover Grading Modification
Name:
Project | 1218070017.003 Client: | Wayne Disposal, Inc.
Number:
Analysis | J-J’ Liner Stability File name: | MC-VI-
Short G2_CrossSection_J_Liner
Name: _Interim.gsz
Revision: 1 Originated: MK Checked: KF Approved:
Date: | 11/03/21 Date: | 11/03/21 Date: | 10/7/21 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.
O] Effective Stress Static [ Seismic Pore Pressure Optimized Surface
Total Stress
Additional Details: | The required factor of safety is 1.3 for temporary conditions.

Strength
Unit Wt(s) | Strength C or Ca

Material Name Color in Profile (pcf) ¢ ord(deg.) | (psf)
1 Final Cover Orange 130 0 1500
2 Existing Waste Teal 86 34 0
3 New Waste Light Green 103 26 300
4 Upper Clay Brown 131 0 1325
5 Middle Clay Yellow 136 0 3000
6 Lower Clay Maroon 133 0.22c’,
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 CTl and
Associates, Inc.
Source of Subsurface Profile: | Basis of Design Report - NTH (2012)
L] 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

Factor of Safety: | 1.3 Acceptable [ Not Acceptable [ Follow-up L[] Superseded

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



SLOPE STABILITY ANALYSIS REPORT FORM

Comments: | The required interface friction angle for the liner system is 12 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

Geotechnical Engineering SOP

CTl and Associates, Inc. Page 2 of 4



SLOPE STABILITY ANALYSIS REPORT FORM
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Attachment A-2

Settlement Calculations



Page 1 of 7
@ CALCULATION SHEET Project No.: 1218070017.003

Client: Wayne Disposal, Inc. Calculated By: KM Date: 3/26/2021
Project: WDI MC VI-G4 through G7 Liner Grade Modification Checked By: MK Date: 10/5/2021
Calculation: Leachate Collection System Settlement Analysis Approved By:  KF Date: 10/5/2021

ct

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

e 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).

¢ Pipe flowline analysis points were selected along the leachate collection pipe flowlines within MC-
VI-G (Attachment 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 at regular intervals in between. In
addition, points were selected at the top and bottom of existing below-grade subcell berms. Total
settlement is estimated for each point, allowing an assessment of the post-settlement slope(s) along
the flowline.

o Cross slope analysis points (also shown in Attachment 1) were selected at the location of maximum
fill height within each cell in order to evaluate post-settlement slopes under maximum load.

e 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.

e Table 1 lists the material properties used for the settlement analysis.

e 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.
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Cti

Table 1. 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 82

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

* New waste unit weight obtained from email correspondence with WDI dated 11/18/2020

Table 2. Compressibility Parameters of Waste and Soils

. Prim_ary . Secon_dary . Recompression Ratio
Soil Type Compression Ratio Compression Ratio Col(1+ o)
Col(1+ e0) Cul(1+ &0)
Existing cover 0.102®1 0.005(®! 0.017A
Existing waste 0.147 0 0.0245
In-situ middle clay 0.102 0.005 0.017A
In-situ lower clay 0.171 0.009 0.0285
In-situ silt 0.15(E1 OEl OEl
In-situ sand 0.1 OEl OEl

[Al Estimated from Cr = C¢/6.
[B] Assumed values.

The information for subsurface soils is based on MCIV General Profiles (South), Appendix A
Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume 11l — 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
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hydrogeological data due to natural soil’s inherent variability, conservative assumptions have been
applied to ensure 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=S.+S; 1)

Where:

S = total settlement [ft]
S¢ = 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:

Se = o (C log&+C logﬂ> (2)
C 1+e\ " Yo, 70,

Where:

C. = primary compression index

Cr = recompression index

ho = initial compressible layer thickness [ft]

eo = initial void ratio of the clay subgrade

oo = initial overburden pressure acting on the compressible layer [psf]
oi = final overburden pressure acting on the compressible layer [psf]
oc = preconsolidation stress [psf], calculated using Equation 4.

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

S.=h Ca l (tz) 3

Where:

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

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

e 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).

e 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. Note that both
layers have historically experienced a higher overburden pressure since initial development of the
site and placement of the now existing waste. This value is calculated using Equation 4.

e Calculation of settlement following MC-VI-G construction accounts for changes in overburden
pressure resulting from the excavation of existing materials, the placement of new liner system
components, the placement of new MC-VI-G waste, and the placement of new MC-VI-G final
cover.

e 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. An example calculation at 2
adjacent settlement points along MC-VI-G4 is presented in Attachment 2.

n
Ocof = ZYL' X h; (4)
=0

Where:

o.: preconsolidation stress [psf]

ocof = |0 initial stress [psf]

or: final stress [psf]

y; = Unit weight of soil layer i [psf]

Thickness of layer i [ft] at settlement point as follows:

For o, use thicknesses of layers prior to development

For g, use thicknesses of layers up to existing elevations

For o5 use thicknesses of layers up to proposed final elevations

hi=

o Soil layers are identified using subsurface soil profiles provided in MCIV General Profiles (South),
Appendix A Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume 111 —
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CALCULATIONS:

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 preliminary design drawings with a
proposed leachate collection pipe slope of 4% and a proposed cell floor resultant slope of
approximately 6%. The respective pre-settlement slopes are shown in Tables 3 through 14 below.

Attachment 1 presents the plan locations of the settlement analysis points within MC-VI-G with
respect to proposed cell floor grades.

Equations 1 through 3 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 7Table 3 through

10.
Table 3. MC-VI-G4 Leachate Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point| North East | Flowline Elevation[Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement | Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]

SP-01 |6820.92)3929.81 707.74 4.87 702.87

0, 0, 0,
SP-02 16821.20]4051.75 712.00 7.11 122 704.89 3.5% 1.7% 1%
SP-02 |6821.20)|4051.75 712.00 7.11 704.89

0, 0, 0,
SP-03 |6821.37)|4166.03 716.00 8.49 114 707.51 3.5% 2.3% 1%
SP-03 |6821.37(4166.03 716.00 8.49 707.51

0, 0, 0,
SP-04 |6821.37)4295.92 722.00 10.85 130 711.15 4.6% 2.8% 1%

Table 4. MC-VI-G5 Leachate Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]

SP-07|6594.33|3927.79 714.00 5.12 708.88

0, 0, 0,
SP-08]6519.13|4013.90 718.00 6.13 114 711.87 3.5% 2.6% 1%
SP-08(6519.13|4013.90 718.00 6.13 711.87

0, 0, 0,
SP-09 [6466.34)|4075.75 720.88 7.82 81 713.06 3.5% 1.5% 1%
SP-09 [6466.34)|4075.75 720.88 7.82 713.06 o o 0
SP-10|6407.04|4144.24 724.07 7.72 o1 716.35 3.5% 3.6% 1%
SP-10|6407.04|4144.24 724.07 7.72 716.35 o o o
SP-11[6293.54|4272.06 730.00 6.31 1l 723.69 3.5% 4.3% 1%
SP-11|6293.54|4272.06 730.00 6.31 723.69

0, 0, 0,
SP-12]6263.71|4309.98 732.04 5.57 48 726.47 4.23% 5 75% 1%
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Table 5. MC-VI-G6 Leachate Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point [ North East | Flowline Elevation |Settlement | Length | Post-Settlement | Pre-Settlement [ Post-Settlement [Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%6]
SP-15|6338.90|4697.51 703.42 3.85 699.57 ® ® @
SP-16|6389.74|4677.62 705.33 5.17 > 700.16 3.5% 1.1% 1%
SP-16|6389.74|4677.62 705.33 5.17 700.16 0 3 .
SP-1716651.75|4573.81 715.16 9.69 282 705.47 3.5% 1.9% 1%
SP-17|6651.75|4573.81 715.16 9.69 705.47 0 0 0
SP-18|6847.57|4495.87 722.53 12.42 211 710.11 3.5% 2.2% 1%
SP-18|6847.57|4495.87 722.53 12.42 710.11
0, 0, 0,
SP-19 [6964.61|4450.12 726.93 11.35 126 715.58 3.5% 4.4% 1%
Table 6. MC-VI-G7 Leachate Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [Flowline Elevation[Settlement| Length [ Post-Settlement [ Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%6]
SP-22(6393.49|5048.84 681.79 2.63 679.16
0, 0, 0,
SP-23[6534.015048.84 686.71 4.72 14l 681.99 3.5% 2.0% 1%
SP-23(6534.01|5048.84 686.71 4.72 681.99 ® 2 ®
SP-24[6787.25]|5048.84 695.57 7.32 253 688.25 3.5% 2.5% 1%
SP-24(6787.25|5048.84 695.57 7.32 688.25 ® ® ®
SP-25[6954.90|5048.84 701.44 8.49 168 692.95 3.5% 2.8% 1%
Table 7. MC-VI-G4 Cross Slope Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-04|6821.37|4295.92 722.00 10.85 711.15 N " n
SP-05|6975.85]|4293.88 725.99 10.28 154 715.71 3% 3% 2%
SP-04 |6821.37|4295.92 722.00 10.85 711.15 N " .
SP-06 |6671.32|4298.49 725.99 10.78 150 715.21 3% 3% 2%
Table 8. MC-VI-G5 Cross Slope Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [Flowline Elevation | Settlement Length Post-Settlement | Pre-Settlement | Post-Settlement [Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-09 [6466.34]4075.75 720.88 7.82 713.06 o o D
SP-14(6241.30) 3886.84 731.50 4.82 294 726.68 4% 5% 2%
SP-10|6407.04|4144.24 724.07 7.72 716.35 o o o
SP-13]6622.32|4321.61 733.95 10.22 279 723.73 4% 3% 2%
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Table 9. MC-VI-G6 Cross Slope Settlement Calculation Summary

Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-16 |6389.74 [4677.62 705.33 5.17 700.16 ® o %
SP-21]6289.94]4407.03 716.84 4.66 288 712.18 4% 4% 2%
SP-18|6847.57 [4495.87 722.53 12.42 710.11 7 o @
SP-20]6944.02]4756.08 730.07 12.10 278 717.97 3% 3% 2%

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

Elevation Liner Grade Cross Slope
Point [ North East | Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement [ Post-Settlement [Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%0]
SP-23|6534.01|5048.84 686.71 4.72 681.99
0, 0, 0,
SP-266532.88]4967.83 689.46 5.21 81 684.25 3% 3% 2%
SP-2516954.90(5048.84 701.44 8.49 692.95 0 0 0
SP-2716955.685111.30 703.70 7.86 62 695.84 4% =% 2%
SP-2516954.90(5048.84 701.44 8.49 692.95 " 0 .
SP-2816954.65]4986.17 703.56 9.50 63 694.06 3% 2% 2%

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 cross slopes within MC-VI-G meet
the required minimum 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
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Settlement Analysis Points
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Sample Calculation



SETTLEMENT POINT Coordinates Elevations
North East OFL Final Existing BOTTOM MC BOTTOM LC (DRY) | BOTTOM LC (SAT) BOTTOM SILT BOTTOM SAND | TOP CLAY | TOP EXISTING WASTE
[ft] [ft] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] | [ft MSL] [ft MSL]
6821.20 | 4051.75 712.00 794.71 717.43 660.00 655.00 643.00 625.00 580.00 | 670.00 708.07
Initial Consolidation Final [Consoli
Layer | Eff. Unit Inc. Layer Stress Stress Stress [ dation Primary Secondary
Height | Weight Cut Layer Stress Compression Parameters (midpoint of layer) Case Settlement [ Settlement
, 1=yes Ce C. C. ' ' !
'-T?yp‘: Layer HIf | v [pcf] 0=no o; [psf] Tre, Tre, Tre, oo’ [psf] oc' [psf] of [psf] - S [ft] S; [ft]
1 Cover 4.00 135.0 0 540.0
2 New Waste 78.71 103.0 0 8107.1
§ 3 OFL 5.43 135.0 TRUE -733.0
5 4 Existing Waste 0.00 82.0 1 -
< <none> - 0 -
3 <none> = 0 =
<none> - 0 -
B T 19 | 1350 | 0 ~ " "T 263 | 0102 | 0017 | 0005 | 8657 | 8657 | 8779.8 | NC | 0202 | 00038 |
8 OFL 1.96 135.0 0 265.3 0.102 0.017 0.005 1131.0 1131.0 9045.0 NC 0.181 0.003
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 1458.7 1458.7 9372.8 NC 0.565 -
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 1848.9 1848.9 9763.0 NC 0.506 -
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 2239.1 2239.1 10153.2 NC 0.459 -
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 2629.4 2629.4 10543.4 NC 0.422 -
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 3019.6 3019.6 10933.7 NC 0.391 -
4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 3409.8 3409.8 11323.9 NC 0.365 -
<
% 4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 3800.0 3800.0 11714.1 NC 0.342 -
T
2 4 Existing Waste 4.76 82.0 0 390.2 0.147 0.025 - 4190.2 4190.2 12104.3 NC 0.322 -
é 6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 4725.3 4950.0 12639.4 | OC-2 0.209 0.006
6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5405.3 5630.0 13319.4 | OC-2 0.192 0.006
7 Lower Clay (Moist) 5.00 128.0 0 640.0 0.171 0.029 0.009 6065.3 6290.0 13979.4 | OC-2 0.299 0.011
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 6582.1 6806.8 14496.2 | OC-2 0.339 0.014
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 6975.7 7200.4 14889.8 | OC-2 0.326 0.014
9 Silt 9.00 62.6 0 563.4 0.150 - - 7454.2 7678.9 15368.3 | OC-2 0.407 -
9 Silt 9.00 62.6 0 563.4 0.150 - - 8017.6 8242.3 15931.7 | OC-2 0.386 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 8536.0 8760.7 16450.1 | OC-2 0.246 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9009.4 9234.1 16923.5 | OC-2 0.237 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9482.8 9707.5 17396.9 | OC-2 0.228 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9956.2 10180.9 17870.3 | OC-2 0.220 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10429.6 10654.3 18343.7 | OC-2 0.212 -
7.057 0.057
Total Settlement [ft] 7.11
Variables & Constants
Point Name SP-02
Settlement Layer [ft] 132.0 - Use the master "Material Properties" sheet to input the correct “Layer Type" into column C. This will
ERROR 0.0 auto-populate the density and compression parameters. Coordinates and elevations are referenced
# of Layers 22 from_lhe "Points" sheet for comparison to the total consolidation layer.
" - Split layers greater than 10 feet thick.
t/ 1, [ratio] 18 - Existing layers that are to be removed are to be marked with a "1" in the "Cut Layer" column.




SETTLEMENT POINT Coordinates Elevations I
North East OFL Final Existing BOTTOM MC BOTTOM LC (DRY) | BOTTOM LC (SAT) BOTTOM SILT BOTTOM SAND | TOP CLAY [fOP EXISTING WASTE
[ft] [ft] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] | [ft MSL] [ft MSL]
6821.37 | 4166.03 716.00 823.27 721.16 660.00 655.00 643.00 625.00 580.00 | 670.00 709.13
Initial Consolidation Final [Consoli
Layer | Eff. Unit Inc. Layer Stress Stress Stress [ dation Primary Secondary
Height | Weight Cut Layer Stress Compression Parameters (midpoint of layer) Case | Settlement | Settlement
Layer . 1=yes C. C, C, . . )
e Layer HIf | v Ipef] PN sl | gy Tre, Tre po’ [psf] pe’ [psf] pilst] | - S. [ff] S, [ff]
1 Cover 4.00 135.0 0 540.0
2 New Waste 103.27 103.0 0 10636.8
§ 3 OFL 5.16 135.0 TRUE -696.6
5 4 Existing Waste 0.00 82.0 1 -
< <none> - 0 -
3 <none> = 0 =
<none> - 0 -
B T 344 |"i%50 [ 0 ~ " "T™4e37 | 0102 | 0017 | 0005 [ 9285 | 9285 [ 1i408.7 [ NC | 0382 | 0004 |
8 OFL 3.44 135.0 0 463.7 0.102 0.017 0.005 1392.2 1392.2 11872.4 NC 0.326 0.004
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 1824.6 1824.6 12304.8 NC 0.596 -
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 2225.7 2225.7 12705.9 NC 0.544 -
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 2626.8 2626.8 13107.0 NC 0.502 -
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 3027.8 3027.8 13508.0 NC 0.467 -
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 3428.9 3428.9 13909.1 NC 0.437 -
4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 3830.0 3830.0 14310.2 NC 0.412 -
<
% 4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 4231.1 4231.1 14711.3 NC 0.389 -
T
2 4 Existing Waste 4.89 82.0 0 401.1 0.147 0.025 - 4632.2 4632.2 15112.4 NC 0.369 -
é 6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5172.7 4950.0 15652.9 NC 0.245 0.006
6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5852.7 5630.0 16332.9 NC 0.227 0.006
7 Lower Clay (Moist) 5.00 128.0 0 640.0 0.171 0.029 0.009 6512.7 6290.0 16992.9 NC 0.356 0.011
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 7029.5 6806.8 17509.7 NC 0.407 0.014
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 7423.1 7200.4 17903.3 NC 0.392 0.014
9 Silt 9.00 62.6 0 563.4 0.150 - - 7901.6 7678.9 18381.8 NC 0.495 -
9 Silt 9.00 62.6 0 563.4 0.150 - - 8465.0 8242.3 18945.2 NC 0.472 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 8983.4 8760.7 19463.6 NC 0.302 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9456.8 9234.1 19937.0 NC 0.292 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9930.2 9707.5 20410.4 NC 0.282 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10403.6 10180.9 20883.8 NC 0.272 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10877.0 10654.3 21357.2 NC 0.264 -
8.430 0.061
Total Settlement [ft] 8.49
Variables & Constants
Point Name SP-03
Settlement Layer [ft] 136.0 - Use the master "Material Properties" sheet to input the correct “Layer Type" into column C. This will
ERROR 0.0 auto-populate the density and compression parameters. Coordinates and elevations are referenced
# of Layers 22 from_lhe "Points" sheet for comparison to the total consolidation layer.
" - Split layers greater than 10 feet thick.
t/ 1, [ratio] 18 - Existing layers that are to be removed are to be marked with a "1" in the "Cut Layer" column.
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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:

e Master Cell-VI-E (MC6E)

o Master Cell-VI-F (MC6F)

e Master Cell VI-G, Sub cells 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

e 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).

e Pipe flowline analysis points were selected along the leachate collection pipe flowlines within the
analyzed cells (Attachment 1). The specific locations of these points were selected to correspond
to the cell floor high point, low point, changes in final cover slope, locations along leachate
collection toe drain, and at regular intervals in between. Total settlement is estimated for each point,
allowing an assessment of the post-settlement slope(s) along the flowline.

e Cross slope analysis points (also shown in Attachment 1) were selected at the location of maximum
fill height within each cell in order to evaluate post-settlement slopes under maximum load.

e 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.

e Table 1 lists the material properties used for the settlement analysis.

e 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.
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Table 1. 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 82

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

* New waste unit weight obtained from email correspondence with WDI dated 11/18/2020

Table 2. Compressibility Parameters of Waste and Soils

. Prim_ary . Secon_dary . Recompression Ratio
Soil Type Compression Ratio Compression Ratio Col(1+ o)
Ce/(1+ &0) Cul(1+ €0)
Existing cover 0.102®1 0.005(®! 0.017A
Existing waste 0.147 0 0.0245
In-situ middle clay 0.102 0.005 0.017A
In-situ lower clay 0.171 0.009 0.0285
In-situ silt 0.15(E] ol OfEl
In-situ sand 0.1 O&l OfEl

[Al Estimated from Cr = C¢/6.
[B] Assumed values.

The information for subsurface soils is based on General Profiles presented in Appendix A, Subsurface
Soil/Waste Profiles & Corresponding Physical Properties, Volume Il — WDI Operating License
Application Master Cells VI F & G by NTH Consultants (2011a). The same general profile was used
in the current MC VI-E permits for MC-VI-E, MC-VI-F, and MC-VI-. 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 compression equations (Coduto 1999). Total settlement is
calculated as:

S=S+S (1)

Where:

S = total settlement [ft]
S¢ = 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:

h

S, =0 (c 1ogZE + ¢, lo ﬂ) @)
T T1te, rgo_o CgO'C

Where:

C. = primary compression index

Cr = recompression index

ho = initial compressible layer thickness [ft]

eo = initial void ratio of the clay subgrade

oo = initial overburden pressure acting on the compressible layer [psf]
oi = final overburden pressure acting on the compressible layer [psf]
oc = preconsolidation stress [psf], calculated using Equation 4.

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

Ss=h0

“log (2) @
1+eg ty

Where:

C. = secondary compression index
= layer thickness [ft]
t, = time after application of load (assumed 70 years)
t1 = time required to complete primary consolidation (assumed 40 years)

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

e 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. Note that both
layers have historically experienced a higher overburden pressure since initial development of the
site and placement of the now existing waste. This value is calculated using Equation 4.

o When applicable, calculation of settlement following cell construction accounts for changes in
overburden pressure resulting from the excavation of existing materials, the placement of new liner
system components, the placement of new waste, and the placement of new final cover.

e 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. An example calculation at 2
adjacent settlement points along MC-VI-F4 is presented in Attachment 2.

n
Ocof = Z%’ X h; (4)
i=0

Where:

o.: preconsolidation stress [psf]

ocof =|0g: initial stress [psf]

or: final stress [psf]

y; = Unit weight of soil layer i [psf]

Thickness of layer i [ft] at settlement point as follows:

For o, use thicknesses of layers prior to development

For g, use thicknesses of layers up to existing elevations

For o5 use thicknesses of layers up to proposed final elevations

hi

o Soil layers are identified using subsurface soil profiles provided in “General Profiles” presented in
Appendix A, Subsurface Soil/Waste Profiles & Corresponding Physical Properties, Volume 111 —
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).

e Attachment 1 presents the plan locations of the settlement analysis points within the cells along
with the liner elevations at those points.
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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.

Table 3. MC6E Leachate Pipe Flowline Settlement Calculation Summary

Elevation Liner Grade Pipe Flowline Slope
Point| North East |Flowline Elevation | Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%0] [%] [%0]
P514)8641.95]6454.04 701.00 7.98 693.02 & ® ®
P512|8666.18[6226.32 705.21 6.47 229 698.74 1.8% 2.50% 1%
P512|8666.18[6226.32 705.21 6.47 698.74 o o o
P510|8599.09[5958.86 709.36 7.90 276 701.46 1.5% 1.0% 1%
P510|8599.09[5958.86 709.36 7.90 701.46
0, 0, 0,
P508|8649.05[5748.66 712.17 6.18 216 705.99 1.3% 2.1% 1%
P508|8649.05[5748.66 712.17 6.18 705.99 o N ?
P506|8657.89|5468.01 716.07 5.57 281 710.50 1.4% 1.6% 1%
P506|8657.89(5468.01 716.07 5.57 710.50
0, 0, 0,
P505[8565.19|5246.41 719.62 6.33 240 713.29 1.5% 1.2% 1%
Table 4. MC6E E5300 Cross Slope Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%6]
SP-84(8581.38|5296.64 719.00 4.74 714.26 0 0 0
SP-85]8533.44 [5296.64 721.00 5.49 48 715.51 4% 3% 2%
SP-85)8533.44 [5296.64 721.00 5.49 715.51 0 0 0
SP-86|8488.08|5296.64 723.00 6.37 ° 716.63 4% 2% 2%
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Table 5. MCG6E Phase II-NE Cross Slope Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%6] [%] [%6]
P-5128666.18[6226.32 705.21 4.03 701.18 7 o o
SP-67]8464.52(6211.68 722.00 7.70 202 714.30 8% 6% 2%
SP-66]8566.99(6221.70 714.00 7.59 706.41 o o o
SP-6718464.52(6211.68 722.00 7.70 103 714.30 8% 8% 2%
SP-67)8464.52(6211.68 722.00 7.70 714.30
0, 0, 0,
SP-68|8408.01 [6206.15 725.00 8.03 57 716.97 5% 5% 2%
SP-68]8408.01 [6206.15 725.00 8.03 716.97
0, 0, 0,
SP-69]8354.03(6200.87 727.00 8.62 >4 718.38 4% 3% 2%
SP-69|8354.03(6200.87 727.00 8.62 718.38
0, 0, 0,
SP-70]8257.04(6191.39 731.00 5.60 o7 725.40 4% % 2%
SP-70(8257.04(6191.39 731.00 5.60 725.40 @ o e
SP-71]8159.20(6181.82 735.00 4.96 %8 730.04 4% 5% 2%
Table 6. MC6G — G1 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%0] [%]
SP-13(7339.00|4082.84 668.00 4.36 663.64 o ® .
SP-14]7339.00|4120.94 670.00 4.57 38 665.43 5-2% 4.7% 1%
SP-14(7339.00|4120.94 670.00 4.57 665.43 o ® @
SP-15(7339.00|4329.23 675.00 5.10 208 669.90 2.4% 2.1% 1%
SP-15(7339.00|4329.23 675.00 5.10 669.90
0, 0, 0,
SP-16[7339.00|4571.07 679.00 5.28 242 673.72 1.7% 1.6% 1%
SP-16 [7339.00|4571.07 679.00 5.28 673.72 ) 0 0
SP-17|7338.93|4827.73 682.00 5.03 257 676.97 1.2% 1.3% 1%
SP-17(7338.93]|4827.73 682.00 5.03 676.97 o ® e
SP-18[7338.96|4968.72 684.00 4.85 141 679.15 1.4% 1.5% 1%
Table 7. MC6G — G2 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%0] [%]
SP-11(7842.87]|3939.91 709.22 7.06 702.16
0, 0, 0,
SP-10|7842.87|4009.79 712.00 8.30 0 703.70 4.0% 2.2% 1%
SP-10 [ 7842.87|4009.79 712.00 8.30 703.70 9 o o
SP-09|7842.87|4160.67 718.00 9.98 151 708.02 4.0% 2.9% 1%
SP-09|7842.87|4160.67 718.00 9.98 708.02 9 o @
SP-08|7842.87|4261.26 722.00 11.05 101 710.95 4.0% 2.9% 1%
SP-08|7842.87|4261.26 722.00 11.05 710.95 2 ® .
SP-07]7843.09|4381.18 726.82 10.89 120 715.93 4.0% 4.2% 1%
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Table 8. MC6G — G3 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-04|7776.87|5044.82 700.70 10.54 690.16 ) o 0
SP-03|7800.62|4813.09 710.00 10.94 233 699.06 4.0% 3.8% 1%
SP-03|7800.62|4813.09 710.00 10.94 699.06 0 3 .
SP-027822.70|4603.12 718.57 11.19 211 707.38 4.1% 3.9% 1%
SP-02|7822.70|4603.12 718.57 11.19 707.38
0, 0, 0,
SP-01|7842.77|4394.77 726.99 10.84 209 716.15 4.0% 4.2% 1%




Page 8 of 11

@ CALCULATION SHEET Project No.: 1208070015.005
Client: Wayne Disposal, Inc. Calculated By: KM Date: 3/16/2021
Project: WDI Final Cover Grading Modification Checked By: MK Date:  10/05/2021
Calculation: Settlement Analysis Approved By:  KF Date: 10/5/2021
Table 9. MC6G — G1 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-15|7339.00|4329.23 675.00 5.04 669.96 o o o
SP-20(7180.19|4317.03 678.00 4.97 159 673.03 2% 2% 2%
SP-17|7338.93|4827.73 682.00 4.96 677.04
0, 0, 0,
SP-19[7179.21|4823.35 686.00 4.90 160 681.10 3% 3% 2%
SP-17|7338.93|4827.73 682.00 4.96 677.04
0, 0, 0,
SP-21|7493.33|4826.63 689.69 4.82 154 684.87 5% 5% 2%
Table 10. MC6G — G2 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%6]
SP-10|7842.87]4009.79 712.00 8.30 703.70 0 0 0
SP-12|7714.37|4002.92 717.80 6.61 129 711.19 5% 6% 2%
Table 11. MC6G — G3 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%6]
SP-02|7822.70|4603.12 718.57 11.19 707.38 0 0 0
SP-05|7898.60|4609.46 723.20 11.57 6 711.63 6% 6% 2%
SP-02|7822.70|4603.12 718.57 11.19 707.38 0 o 0
SP-06|7764.39|4602.88 724.00 10.39 58 713.61 9% 11% 2%
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Table 12. MC6F — F1 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-18 (8104.51)3913.57 714.00 5.27 708.73 o o 0
SP-19 [8104.44]4067.43 720.00 8.43 154 711.57 3.9% 1.8% 1%
SP-19 |8104.44|4067.43 720.00 8.43 711.57
0, 0, 0,
SP-20|8104.44|4200.76 726.00 8.22 133 717.78 4.5% 4.7% 1%
SP-20|8104.44|4200.76 726.00 8.22 717.78
0, 0, 0,
SP-21|8103.62|4310.91 731.56 9.09 110 722.47 5.0% 4.3% 1%
Table 13. MC6F — F2 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-14 (8439.33)3930.05 708.73 5.89 702.84 o o 0
SP-15[8441.35)|4133.87 714.00 8.38 204 705.62 2.6% 1.4% 1%
SP-15|8441.35|4133.87 714.00 8.38 705.62 o ® .
SP-16 [8441.72]|4282.12 718.91 8.14 148 710.77 8.3% 8.5% 1%
Table 14. MC6F — F3 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-7 |8588.77]|4584.00 708.00 2.07 705.93
0, 0, 0,
SP-8 |8426.54|4583.16 714.00 5.97 162 708.03 3.7% 1.3% 1%
SP-8 [8426.54|4583.16 714.00 5.97 708.03
0, 0, 0,
SP-9 [8226.54)|4583.16 724.00 5.62 200 718.38 °.0% °.2% 1%
SP-9 ([8226.54]|4583.16 724.00 5.62 718.38
0, 0, 0,
SP-10 [8066.54|4583.16 732.00 10.39 160 721.61 5.0% 2.0% 1%
SP-10 [8066.54|4583.16 732.00 10.39 721.61 ) . .
SP-11 [7969.29)|4583.16 736.86 12.86 o 724.00 °.0% 2.5% 1%
Table 15. MC6F — F4 Pipe Flowline Settlement Calculation Summary
Elevation Liner Grade Pipe Flowline Slope
Point| North East | Flowline Elevation | Settlement| Length | Post-Settlement | Pre-Settlement [ Post-Settlement|Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-1|8577.97]4957.91 699.37 4.18 695.19 o 2 ®
SP-2 |8285.65)|4957.47 712.00 9.43 292 702.57 4.3% 2.5% 1%
SP-2|8285.65)|4957.47 712.00 9.43 702.57 0 0 o
SP-38085.65]4957.47 722.00 12.52 200 709.48 5.0% 3.5% 1%
SP-3|8085.65)|4957.47 722.00 12.52 709.48
0, 0, 0,
SP-47983.70)|4957.47 727.10 12.91 102 714.19 5.0% 4.6% 1%
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Table 16. MC6F — F1 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point [ North East | Flowline Elevation|Settlement | Length | Post-Settlement | Pre-Settlement [ Post-Settlement [Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%6] [%] [%6]
SP-18|8104.44|3913.57 714.00 5.27 708.73 7 @ o
SP-22]7961.43|3910.35 719.71 5.34 143 714.37 4% 4% 2%
Table 17. MC6F — F2 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement |Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%0]
SP-148439.33|3930.05 708.73 5.89 702.84
0, 0, 0,
SP-17(8619.11]|3915.98 713.69 5.37 180 708.32 3% 3% 2%
Table 18. MC6F — F3 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point | North East [ Flowline Elevation|Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement | Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%] [%] [%]
SP-11|7969.29|4583.16 736.86 12.86 724.00 o o o
SP-12[7970.76|4741.64 743.04 12.23 158 730.81 4% 4% 2%
SP-11|7969.29|4583.16 736.86 12.86 724.00 o o o
SP-13[7977.37]|4397.40 743.72 11.65 186 732.07 4% 4% 2%
Table 19. MC6F — F4 Cross Slope Flowline Settlement Calculation Summary
Elevation Liner Grade Cross Slope
Point| North East |Flowline Elevation [ Settlement| Length | Post-Settlement | Pre-Settlement | Post-Settlement | Min. Slope
[ft] [ft] [ft] [ft] [ft] [ft] [%0] [%] [%0]
SP-47983.70|4957.47 727.10 12.91 714.19
0, 0, 0,
SP-517989.83]4776.82 733.88 12.56 181 721.32 4% 4% 2%
SP-47983.70|4957.47 727.10 12.91 714.19
0, 0, 0,
SP-67988.38]|5159.20 736.00 11.79 202 724.21 4% S% 2%
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.
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Settlement Analysis Points
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Attachment A-2.2

Sample Calculation



SETTLEMENT POINT Coordinates Elevations
North East OFL Final Existing BOTTOM MC BOTTOM LC (DRY) | BOTTOM LC (SAT) BOTTOM SILT BOTTOM SAND | TOP CLAY | TOP EXISTING WASTE
[ft] [ft] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] | [ft MSL] [ft MSL]
8285.65 | 4957.47 712.00 834.98 715.80 660.00 655.00 643.00 625.00 580.00 | 670.00 708.50
Initial Consolidation Final [Consoli
Layer | Eff. Unit Inc. Layer Stress Stress Stress [ dation Primary Secondary
Height | Weight Cut Layer Stress Compression Parameters (midpoint of layer) Case Settlement [ Settlement
, 1=yes Ce C. C. ' ' !
'-T?yp‘: Layer HIf | v [pcf] 0=no o; [psf] Tre, Tre, Tre, oo’ [psf] oc' [psf] of [psf] - S [ft] S; [ft]
1 Cover 4.00 135.0 0 540.0
2 New Waste 118.98 103.0 0 12254.9
§ 3 OFL 3.80 135.0 TRUE -513.0
5 4 Existing Waste 0.00 82.0 1 -
< <none> - 0 -
3 <none> = 0 =
<none> - 0 -
B T i75 |10 | 0~ " "T™3s3 | 0102 | 0017 | 0005 [ 63Li | 6311 [ 129181 [ NC | 0234 | 0002 |
8 OFL 1.75 135.0 0 236.3 0.102 0.017 0.005 867.4 867.4 13149.3 NC 0.211 0.002
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 1182.8 1182.8 13464.8 NC 0.747 -
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 1577.4 1577.4 13859.4 NC 0.668 -
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 1972.1 1972.1 14254.0 NC 0.608 -
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 2366.7 2366.7 14648.6 NC 0.560 -
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 2761.3 2761.3 15043.3 NC 0.521 -
4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 3155.9 3155.9 15437.9 NC 0.488 -
<
% 4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 3550.6 3550.6 15832.5 NC 0.459 -
T
2 4 Existing Waste 4.81 82.0 0 394.6 0.147 0.025 - 3945.2 3945.2 16227.1 NC 0.434 -
é 6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 4482.5 4950.0 16764.4 | OC-2 0.274 0.006
6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5162.5 5630.0 174444 | OC-2 0.254 0.006
7 Lower Clay (Moist) 5.00 128.0 0 640.0 0.171 0.029 0.009 5822.5 6290.0 18104.4 | OC-2 0.397 0.011
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 6339.3 6806.8 18621.2 | OC-2 0.454 0.014
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 6732.9 7200.4 19014.8 | OC-2 0.438 0.014
9 Silt 9.00 62.6 0 563.4 0.150 - - 7211.4 7678.9 19493.3 | OC-2 0.546 -
9 Silt 9.00 62.6 0 563.4 0.150 - - 7774.8 8242.3 20056.7 | OC-2 0.521 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 8293.2 8760.7 20575.1 | OC-2 0.334 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 8766.6 9234.1 210485 | OC-2 0.322 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9240.0 9707.5 21521.9 | OC-2 0.311 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9713.4 10180.9 21995.3 | OC-2 0.301 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10186.8 10654.3 22468.7 | OC-2 0.292 -
9.373 0.056
Total Settlement [ft] 9.43
Variables & Constants
Point Name SP-2
Settlement Layer [ft] 132.0 - Use the master "Material Properties" sheet to input the correct “Layer Type" into column C. This will
ERROR 0.0 auto-populate the density and compression parameters. Coordinates and elevations are referenced
# of Layers 22 from_lhe "Points" sheet for comparison to the total consolidation layer.
" - Split layers greater than 10 feet thick.
t/ 1, [ratio] 18 - Existing layers that are to be removed are to be marked with a "1" in the "Cut Layer" column.




SETTLEMENT POINT Coordinates Elevations
North East OFL Final Existing BOTTOM MC BOTTOM LC (DRY) | BOTTOM LC (SAT) BOTTOM SILT BOTTOM SAND | TOP CLAY | TOP EXISTING WASTE
[ft] [ft] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] [ft MSL] | [ft MSL] [ft MSL]
8085.65 | 4957.47 722.00 884.76 715.71 660.00 655.00 643.00 625.00 580.00 | 670.00 712.28
Initial Consolidation Final [Consoli
Layer | Eff. Unit Inc. Layer Stress Stress Stress [ dation Primary Secondary
Height | Weight Cut Layer Stress Compression Parameters (midpoint of layer) Case Settlement [ Settlement
Layer . 1=yes C. C, C, . . )
e Layer HIf | v Ipef] PN sl | gy Tre, Tre po’ [psf] pe’ [psf] pilst] | - S. [ff] S, [ff]
1 Cover 4.00 135.0 0 540.0
2 New Waste 158.76 103.0 0 16352.3
§ 3 OFL 6.29 135.0 FALSE 849.1
5 4 Existing Waste 0.00 82.0 1 -
< <none> - 0 -
3 <none> = 0 =
<none> - 0 -
B R 486 | 1350 [ 0~ " "T7eser | 0102 | 0017 | 0005 [ 3284 | 3281 | 180695 | NC | 0.863 | 0006 |
8 OFL 4.86 135.0 0 656.1 0.102 0.017 0.005 984.2 984.2 18725.6 NC 0.634 0.006
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 1528.9 1528.9 19270.3 NC 0.855 -
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 1962.3 1962.3 19703.7 NC 0.778 -
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 2395.6 2395.6 20137.1 NC 0.718 -
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 2829.0 2829.0 20570.4 NC 0.669 -
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 3262.4 3262.4 21003.8 NC 0.628 -
4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 3695.7 3695.7 21437.2 NC 0.593 -
<
% 4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 4129.1 4129.1 21870.5 NC 0.562 -
T
2 4 Existing Waste 5.29 82.0 0 433.4 0.147 0.025 - 4562.5 4562.5 22303.9 NC 0.535 -
é 6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5119.2 4950.0 22860.6 NC 0.331 0.006
6 Middle Clay 5.00 136.0 0 680.0 0.102 0.017 0.005 5799.2 5630.0 23540.6 NC 0.310 0.006
7 Lower Clay (Moist) 5.00 128.0 0 640.0 0.171 0.029 0.009 6459.2 6290.0 24200.6 NC 0.490 0.011
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 6976.0 6806.8 24717.4 NC 0.564 0.014
8 Lower Clay (Sat) 6.00 65.6 0 393.6 0.171 0.029 0.009 7369.6 7200.4 25111.0 NC 0.546 0.014
9 Silt 9.00 62.6 0 563.4 0.150 - - 7848.1 7678.9 25589.5 NC 0.693 -
9 Silt 9.00 62.6 0 563.4 0.150 - - 8411.5 8242.3 26152.9 NC 0.665 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 8929.9 8760.7 26671.3 NC 0.428 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9403.3 9234.1 271447 NC 0.414 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 9876.7 9707.5 27618.1 NC 0.402 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10350.1 10180.9 28091.5 NC 0.390 -
10 Sand 9.00 52.6 0 473.4 0.100 - - 10823.5 10654.3 28564.9 NC 0.379 -
12.451 0.064
Total Settlement [ft] 12.52
Variables & Constants
Point Name SP-3
Settlement Layer [ft] 142.0 - Use the master "Material Properties" sheet to input the correct “Layer Type" into column C. This will
ERROR 0.0 auto-populate the density and compression parameters. Coordinates and elevations are referenced
# of Layers 22 from_lhe "Points" sheet for comparison to the total consolidation layer.
" - Split layers greater than 10 feet thick.
t/ 1, [ratio] 18 - Existing layers that are to be removed are to be marked with a "1" in the "Cut Layer" column.
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Leachate Collection Sump Pipe Strength and Deflection

OBJECTIVE
Evaluate the strength and deflection of the leachate collection sump riser pipes for Master Cell VI-G4 through
G7. In addition, evaluate the strength of existing MC VI-EP2-W sump risers with the proposed final grade
adjustments.
DESIGN CRITERIA, ASSUMPTIONS AND METHODOLOGY
The leachate sump risers for MC VI-G4 through G7 are:

e 24-inch diameter — either HDPE SDR-9 or SDR-11 perforated pipe

e  Sump riser pipe will operate at “non-pressurized” condition.

e The Sump Riser is perforated with a pattern of 8 perforations, 1/2 inch diameter, around the
circumference (45 degree spacing), at 6 inches between sets of holes (See Figure 1).

24" SOLID END CAP
4 —| |—6" BETWEEN ROWS
& 8 B @ 8 b & 8 8 8 0 8 8 7—1}’2“ DlA, HDLES
= 8’ HlN."‘l

Figure 1 - Pipe Perforation Detail for MC VI G4 - G7

The leachate sump risers for MC VI EP2-W analysis are:

e MC VI-EP2-W Sump riser pipes: 18-inch diameter — HDPE SDR-7.3 perforated pipe and 20-inch
diameter HDPE SDR-7.3

e  Sump riser pipe will operate at “non-pressurized” condition.

e The Sump Riser is perforated with a pattern of 8 perforations, 3/8” diameter, around the circumference
(45 degree spacing), at 3 inches between sets of holes (See Figure 1).

Z:\Shared\proj\Projects\Commercial\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-
Calcs\PipeStrength\CalcSumpStrength-Rev1.docx
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2. PIPE IS HDPE, 18" OR
207 SDR 7.3 WITH 3/8"
DIA. HOLES. 3" SPACING
ALONG EACH OF (8)
ROWS, ROWS SPACED
AROUMD CIRCUMFERENCE
AS SHOWN. TOTAL 32
HOLES FER FOOT.

Figure 2 - MC VI EP2-W Sump Perforation Detail

Leachate sump pipes will be subjected to static loadings from the deposited waste vehicular traffic during the
early stages of waste disposal. Previous analyses demonstrated that the live loading due to equipment loading
was insignificant in comparison with the static loading at full height of the landfill so long as the initial cover
over the riser pipes was at least 5 feet. The modification does not change this.

Static Loading

Pipe static loads were calculated using the Prism Load Method. The overburden load on the leachate collection
pipe, (from top to bottom) includes the protective cover layer, waste layer, and the drainage layer. Because all
of the layer thicknesses are constant except the waste layer, the most critical case (maximum static load) occurs
where the waste thickness is greatest.

A comparison between the final cover grade plan and leachate collection system plan shows that the maximum
waste thickness for Cells G4 through G7 is in the MC VI-G7 Sump. Waste thickness is 50 feet with 4 feet of
cover soil in the cap system and 4 feet of drainage gravel in the sump. For MC VI-EP2-W sump riser, the height
of waste above the riser has been adjusted to approximately 105 feet. Note that the other existing sumps were
evaluated and the proposed final grade adjustments did not affect the remaining cells’ maximum height of waste
over the sumps. Figure 2 illustrates the thicknesses and unit weights of the various soil materials above the sump
risers.

Z:\Shared\proj\Projects\Commercial\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-
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<«—Cap Cover Soil
4 feet @ 125 pcf

=

7 Waste

: ’5}‘_64 — G7- 50 feet @ 101 pcf
EP2 W — 105 feet @ 101

rainage Layer
4 feet @ 120 pcf

Leachate Sump Riser ————»( )

‘LSump Floor

Figure 3. Cross Section of Typical Profile of Leachate Pipe for Static Loading Analysis
Figure Not To Scale

The Prism Load Method is most conservative as it does not make use of any reduction factors (Moser 1990).
Equation 1 shows how the pressure on the pipe is calculated.

Os = Yes hc.s. + Ywaste hwaste + Yis hl.s (1)

Where:

Os = static load on the leachate pipes, pounds per square foot [psf]
Yes = unit weight of final cover soil, pounds per cubic foot [pcf]
hes = thickness of final cover soil [ft]

Ywaste = UNit weight of waste [pcf]
hwaste = depth of waste above the pipe [ft]

yis = unit weight of sumpfloor aggregate above the pipe [pcf]

his = thickness of sump floor aggregate above the pipe [ft]

Pipe and Soil Properties Sources

The maximum allowable deflection ratios of HDPE pipes is 7.5% (ASTM F1962-11). As stated in the Handbook
of PE Pipe, “for non-pressure applications, a 7.5 percent defection limit provides a large safety factor against
instability and strain and is considered a safe design defection. Some engineers will design profile wall pipe and
other non-pressure pipe applications to a 5% defection limit, but allow spot defections up to 7.5% during field
inspection.” (Plastic Pipe Institute, 2020). Based on this, a 5% deflection limit will be used for this design.

The elastic modulus for HDPE pipe material (Ep) was reduced to 21,170 pounds per square inch (psi) to account
for potential creep effects assuming a temperature of 100° F for 50 years (Plastic Pipe Institute, 2020).

The soil reaction modulus (E”) depends on the soil elastic modulus (Es) which is in turn based on soil stress.
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(Qian et al 2001).

B'=2 x E, 2)

Where:

E’ = soil reaction modulus, psi
Es = soil elastic modulus, psi

The soil elastic modulus was conservatively selected as 4,151 psi for MC VI-G7 (see Attachment 2 —
Determination of Soil Elasticity Modulus). The soil elastic modulus for MC VI EP2W is 5098 psi (see
Attachment 2 — Determination of Soil Elasticity Modulus).

Parameter Sources
Table 2 summarizes the sources used to gather the various parameters made in these calculations.

Table 1. Sources of Pipe and Soil Parameters

Parameter Source
Dimensions (OD, ID, ty) ISCO Product Catalog
) Perforation CTI1 2020
HDPE Pipe . N .
Elastic Modulus (Ep) Plastic Pipe Institute, 2020
Acceptable Deflection ASTM F1962-11
Soil — typical values
. Unit Weights (je, 7, Ywaste) Waste — based on historical site-specific
Soil waste density
Elastic Modulus (Es) Attachment 1
Misc. Modified lowa Method Parameters  Moser 1990

CALCULATIONS AND RESULTS
Vertical Deflection — Modified lowa State Method

An engineering approach to estimate the deflection of buried pipes was developed by a group of research faculty
and students at lowa State University. Equation 6 is a summary of the effort of the Towa State Group’s to model
buried, flexible pipe deflection (Moser 1990).

D, K,W,
(Eq1/r)+(0.061E") ®)
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Where:
y = vertical pipe deflection [in]
D. = deflection lag factor

Ky = bedding constant
Wp = vertical load per unit length (in the pipe length direction) [Ib/in]

_ y 12
=W (lz—(DXN)j
W = unadjusted (for perforation) vertical load per unit length [lb/ft]

= Zﬂ/iHi

vi = unit weight of material i on the pipe
Hi = thickness of material i
OD = outside diameter of pipe [in]
D = diameter of perforations [in]
N = number of perforation per row per linear foot of pipe
Er = modulus of elasticity of pipe material [psi]
I = moment of inertia of the pipe wall per unit length [in®]
r = mean radius of pipe [in]
_ OD-tp
2
E’ = soil reaction modulus [psi]

Since the conservative Prism Load Method is being applied, no adjustment for lag is required. Therefore the
deflection lag factor is set to 1.0. It is typical in designs to assume a bedding constant of 0.1, as this is also a
conservative value (Moser 1990).

Once the vertical pipe deflection is determined, the corresponding percent pipe wall strain/deflection ratio can
be calculated as follows.

e = x100% @)
2r
Where:
& = pipe wall strain/deflection ratio

vertical pipe deflection [in]
r = mean radius of pipe [in]

<
1

Wall Buckling

Local wall buckling is a longitudinal wrinkling of the pipe wall. Although wall buckling is seldom the limiting
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factor in the design of a pipe-soil system, a check can be made according to Equation 8 (Moser 1990).

P 0.8/2E Eg 5
FS = —_ VSDR™ 5)

cb
o, o

z

Pe, = critical buckling pressure at top of pipe [psi]
o, = actual vertical pressure on the pipe [psi]
E’ = modulus of soil reaction [psi]
E, = modulus of elasticity of pipe material [psi]
SDR = standard dimension ratio = OD/t,
OD = outside diameter of pipe [in]
Tp = pipe wall thickness [in]

A calculation spreadsheet, based on equations presented in the previous section, was developed to analyze pipe
strength. See Table 3 for calculation details of HDPE pipes in the proposed modification area.
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Table 2. Pipe Deflection and Buckling Strength Worksheet for MC VI-G4 through
G7 Sump and MC VI-EP2W

1 1 2 3
18" HDPE SDRJ[20" HDPE SDRJ[24" HDPE SDR]|24" HDPE SDR
7.3 7.3 11 9
Iltem Notation| Units | Perforated Perforated Perforated Perforated
Vertical load
H refuse ft 105.0 105.0 50.0 50.0
Design \ertical stress on pipe o psf 11,585 11,585 6,030 6,030
i psi 80.5 80.5 41.9 41.9
Outside diameter of pipe oD in 18.000 20.000 24.000 24.000
Inside Diameter of pipe ID in 12.773 14.192 19.375 18.347
Pipe Wall Thickness th in 2.466 2.740 2.182 2.667
OD/SDR
Unadjusted vertical load per unit length W bs/in 1448 1609 1005 1005
W = y*H*OD
Dia. of perforations D in 0.375 0.375 0.50 0.50
No. of Perforation Rows per foot N 4 4 2 2
Modified Vertical stress .
W, = WH(12/(12-(DN))) W, Ibs/in 1655 1839 1096 1096
Vertical Deflection (Modified lowa Method)
Deflection Lag factor D, 1.00 1.00 1.00 1.00
Mean Pipe radius r in 7.77 8.63 10.91 10.67
r =(OD-t,)/2
Bedding Constant Kp 0.10 0.10 0.10 0.10
Soil Modulus of Elasticity Es psi 5098 5098 4151 4151
MOd“":'_SZE" Reaction E psi | 10,197 10,197 8,303 8,303
Pipe Modulus of elasticity Ep psi 21,170 21,170 21,170 21,170
Moment of Inertia | in® | 1.2403 | 17137 | 08655 | 1.5802
I =(t,%/12)
Vertical Deflection - y in | 02439 | 02710 | 02106 | 0.2053
y=[(D KpW p)/((Eplir ")+(0.061E ;)]
Percentage Deflection & % 1.6% 1.6% 0.97% 0.96%
y/(2r) for both PVC and HDPE
Limiting Strain for HDPE pipe % 5.0% 5.0% 5.0% 5.0%
Buckling Analysis (for HDPE pipes only)
Critical Buckling Pressure Poe | psi | 842.77 842.77 411.13 555.53
P = 0.8%(2E ;E »/SDR %) *
Required Factor of Safety FS 1.0 1.0 1.0 1.0
Provided F.S against wall buckling FS 9.2 9.2 9.0 12.2
FS =P ,./[ 0z/(1-nd/12)] ' ' ' '
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CONCLUSIONS

The vertical deflection and factors of safety against buckling and collapse were examined for the leachate sump
risers in the proposed modification. The strength and deflection analyses are shown in Table 3.

Based on the results in Table 3 for the MC VI-G4 through G7 Sump risers, it is concluded that the calculations
indicate acceptable levels of deflection will occur and an adequate factor of safety is provided against buckling
for both SDR-9 and SDR-11. Existing sump risers in MC VI-EP2W also achieved acceptable levels of deflection
and adequate factor of safety against buckling
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Attachment A-3.1.1
Pipe Properties Charts
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TABLEB.1.1

Apparent Elastic Modulus for 73°F (23°C)

Duratlon of Deslgn Values For 73°F (23°C) "=
Sustalned
Loading PE 220¢X PE3XOX PEAXX
psi MPa psi MPa psi MPa
0.5hr 62,000 428 78,000 538 §2,000 565
1hr 50,000 407 74,000 510 78,000 538
2hr 57,000 393 71,000 490 74,000 510
10hr 50,000 345 62,000 428 65,000 448
12hr 48,000 3N 60,000 114 63,000 434
24hr 46,000 317 57,000 393 60,000 414
100hr 42,000 290 52,000 359 55,000 379
1,000hr 35,000 241 44,000 303 46,000 317
1 year 30,000 207 38,000 262 40,000 276
10 years 26,000 179 32,000 221 34,000 234
50 years 22,000 152 28,000 193 29,000 200
100 years 21,000 145 27,000 186 28,000 193

(1) Although there are various factors that determine the exact apparent modulus response of a PE, a major factor
i5 its ratio of crystalline to amorphous content — a parameter that is reflected by a PE's density. Hence, the
major headings PE2X20K, PE3X2C{ and, PEAXXXK, which are based on PE's Standard Designation Code. The
first numeral of this code denotes the PE's density category in accordance with ASTM D3350 (An explanation
of this code is presented in Chapter 3).

(2) The values in this table are applicable to both the condition of sustained and constant loading (under which
the resultant strain increases with increased duration of loading) and that of constant strain {under which an
initially generated stress gradually relaxes with increased time).

(3) The design values in this table are based on results obtained under uni-axial loading, such as occurs in a test
bar that is being subjected to a pulling load. When a PE is subjected to multi-axial stressing its strain response
is inhibited, which results in a somewhat higher apparent modulus. For example, the apparent modulus of a PE
pipe that is subjected to internal hydrostatic pressure — a condition that induces bi-axial stressing - is about
25% greater than that reported by this table. Thus, the Uni-axial condition represents a conservative estimate
of the value that is achieved in most applications.

It should also be kept in mind that these values are for the condition of continually sustained loading. If there is
an interruption or a decrease in the loading this, effectively, results in a somewhat larger modulus.

In addition, the values in this table apply to a stress intensity ranging up to about 400psi, a value that is
seldom exceeded under normal service conditions.

(Plastic Pipe Institute, 2020, Ch. 3)
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TABLE B.1.2
Temperature Compensating Multipliers for Determination of the
Apparent Modulus of Elasticity at Temperatures Other than at 73°F (23°C)

Equally Applicable to All Stress-Rated PE’s
(e.g., All PE2xxx’s, All PE3xxx’s and All PE4xxx’s)

Maximum Susta!ined Temperature Gompensating Multiplier
of the Pipe °F (°C)
-20 (-29) 2.54
-10 (-23) 2.36
0 (-18) 2.18
10 (-12) 2.00
20 (-7) 1.81
30 (-1) 1.65
40 (4) 1.49
50 (10) 1.32
60 (16) 1.18
73.4 (23) 1.00
80 (27) 0.93
90 (32) 0.82
100 (38) 0.73
110 (43) 0.64
120 (49) 0.58
130 (54) 0.50
140 (60) 0.43

(Plastic Pipe Institute, 2020, Ch. 3)
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PE 4710 IPS HDPE Pipe Sizes
”"sr!““a' 1 (1 1| 2 3 | g 5 | & g 107 12° 14" 16" 18"
Pressure Altzel
Rating ;;a 132" | 18607 | 1.90" | 2.38" |3.500" | 450" | 5.563" | 6.625" | 8.625" [10.750"| 12.75" | 14.00" | 16.00" | 18.00"
Min. wall| 0.188" | 0.237" | 0.271"| 0.339" | 0.500" | 0.643" | 0.795" | 0.946" | 1.232" | 1.536" | 1.821" | 2.000" | 2.286" | 2.571"
B e o — A o — A o o oo . — . e -
DR7 1D |0917"|1.157" | 1.325"| 1.656" | 2.440" | 3.137" | 3.878" | 4.619"| 6.013" | 7.494" | £.889" | 9.760" | 11.154"| 12549
(333psi) wli'ffm 0.291 | 0.463 | 0.607 | 0.950 | 2.060 | 3.402 | 5.200 | 7.374 | 12.498| 19.416 | 27.312 | 32.830 | 43.010 | 54.435
Min. wall| 0.180" | 0.227" | 0.260" | 0.325" | 0.479" | 0.6167 | 0.762" | 0.908" | 1.182" | 1.473" | 1.747" | 1.918" | 2.192" | 2.466"
Average . . . . . . . " . . . ; ; .
DR73 D | 093311787 | 1.348"| 1.685"| 2.4847 | 3.193" | 3.947" | 4701"| 6.120" | 7.628" | 9.047" | 9.934" |11.353"| 12.773
312psi i
(312psi) h'"'li':lgfht 0.281 | 0.450 | 0.500 | 0.920 | 1.990 | 3.200 | 5.022 | 7.130 | 12.070| 18.750 | 26.380 | 31.810 | 41.550 | 52.580
Min. wall| 0.146" | 0.184" | 0.211"| 0.264" | 0.389" | 0.500" | 0.6187 | 0.736" | 0.958" | 1.194" | 1.417" | 1.556" | 1.778" | 2.000"
Average . . . . . . . . . ~ . . . .
DR D | 1:005"|1.269" | 1.452"| 1.816" | 26767 | 3.440" | 4.253" | 5.064" | 6.593" | 8.218" | 0.747" | 10.702" | 12.231" | 13.760
(230psi) | Weight | o ,oc | 0374 | 0.490 | 0.770 | 1.664 | 2.751 | 4.204 | 5.963 | 10.110| 15.700 | 22.085 | 26.630 | 34.780 | 44.020
PE 4710 IPS HDPE Pipe Sizes
24 | 26" | 28 | 30" | 320 | 34 | 36 | 42 | sz | sar g | Nominal
.. . . ...| Pressure
24.00" | 26.00° | 28.00" | 30.00" | 32.00" | 34.00" | 36.00" | 42.00" | 48.00" | 54.00" | 62.99" onl Rating
2857 | 3.143" | 3.420" | - - - - - - | Min. wall
" " " Average
13.043"| 15337 | 16.731"|  — - - - — - - o DR7
67.203 | 80.591 | 95916 | - - - - - - wlzf,ﬁm (333psi )
Min. wall
“Average
................................................................................................................................................................................................................ 1D...| DR73
64.910 | 78.550 | 93.480 | 110.760| — - - - — - ngf,%h' (317psi)
D. DRY
54342 | 65.754 | 78.250 | 92,535 | 107.312|123.183| 140,183 - - - - - WE',%M (230psi)
1818 | 2000 | 2182 | 23647 | 2545" | 2.727" | 2009" | 3001" | 3273 | — - — | Min. wall
16.145" | 17.760"| 19.375" | 20.980" | 22.604" | 24218 | 25 833" | 27 447" | 29.082" | - - A"leéage DR11
45,541 | 55.105 | 65.580 | 77.440 | 89.785 |103.076|117.285| 132.411|148.454| - - w;',iqfh' (200psi)

(1ISCO Product Catalog)
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Designation: F1962 - 11

Standard Guide for

Use of Maxi-Horizontal Directional Drilling for Placement of
Polyethylene Pipe or Conduit Under Obstacles, Including
River Crossings’

This stamdard is issued under the Gxed designation FI962: the number immediately following the designation indicates the year of
original sdoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval

X2.6 Deflection Limiis—The limiting deflection {in percent)
15 determined by the geometric stability of the deflected pipe,
hydraulic capacity, and the strain occurring in the pipe wall. It
has heen observed that for PE, pressure-rated pipe, subjected to
soil pressure only, no upper limit from a practical design point
of view seems Lo exist for the bending strain (15). Therefore,
for non-pressure pipes or conduits the safe long-term deflection
is 7.5 % of the diameter. When subjected to internal pressure in
addition to soil pressure, the localized bending strain resulting
from deflection combines with the hoop tensile strain caused
by internal pressure to produce a higher, localized tensile
fiber-siress. However, as the internal pressure is increased the
pipe re-rounds and the bending strain is reduced. At high
pressures, the bending strain is reduced and the ring tensile
stress approaches that due to internal pressure alone, For
caleulation method, see Ref. (16). This fact coupled with the
ductility of PE permits the designer to ignore the combined
effect of pressure and deflection. In lieu of an exact caleulation
based on allowable strain, the designer can use the safe
long-term design deflection values for pressure pipe shown to
Table X2.1.

TABLE X2.1 Safe Long-Term Design Deflection values for Buried
Pressurized Polyethylene Pipe

DR or SDR Deflection Limils as % of Diameter

21 7.5
17 6.0
158.5 6.0
13.5 6.0
n 5.0

9 4an

73 a0

{151 Janson, L.E..* Long-Term Swudies of PYC and PE Pipes Subjected 1o
Forced Constant Deflection”™, Report No. 3, KP-Council, Stockholm,
Sweden, 1991

(163 Janson, LE.. Plastics Fipes for Water Supply and Sewage Disposal,
Borealis, Stockholm, Sweden, 1995,
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Attachment A-3.1.2
Determination of Soil Elasticity Modulus
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DETERMINATION OF SOIL MODULUS OF ELASTICITY

OBJECTIVE

Determine an appropriately conservative soil modulus of elasticity (Es) for use in calculating the
strength of the MC VI1-G4 through G7 leachate collection sump riser.

ASSUMPTIONS AND METHODOLOGY
Calculation of Es

The following assumptions were made to ensure the accuracy of the final calculated value while
preserving conservatism.

e The pipe under strength analysis is to be backfilled with stone (gravel).
e Maximum estimated stress on leachate collection MC VI-G4 through G7 riser = 41.9 psi

e Soil modulus of elasticity can be conservatively calculated as follows (from Table 1).

E,=2-q. [psi] (1)

Where:
gc = Cone Penetration Test (CPT) value [psi]

The CPT value of the stone is not available through direct test data, but it can be estimated using the
friction angle and relative density. The following values were conservatively estimated based on likely
properties that the gravel backfill would possess:

e Friction angle (¢) = 32°
e Relative Density (Dr) = 70%
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Table 1. Equations for computing Es by making use of SPT and CPT values [kpa] (Murthy 2003)

Soil SPT CPT

Sand (normally consolidated) S00(N_, + 15) | 2104 q, I
(35000 to 50000) log N, (1+D7) g,
(U.S.S.R Practice)

Sand (saturated) 250 (N, + 15)

Sand (overconsolidated) - 6 to 30 q,

Gravelly sand and gravel 1200 M‘m +6)

Clayey sand 320N, + 15) Jwbg,

Silty sand 300 (N +6) lw2g,

Soft clay - 3w8g,

Figure 1 shows an accepted correlation between these two properties and the CPT value, as well as
stress state (in terms of horizontal stress, calculated in Equation 2)

o =Ky -0, [psi] (2)

Where:
onh = Horizontal stress due to overburden pressure [psi]
ko = Lateral earth pressure coefficient
=0.36 (conservative assumption, Table 2)
ov = Stress due to overburden soils
=41.9 psi for the MC VI-G4 through G7 riser

Table 2. Coefficients of Earth Pressure for “at-rest” condition (Murthy 2003)

Type of soil 4 Ka
Loose sand, saturated - 0.46
| Dense sand, saturated - 0.36 |
Dense sand, dry (e = 0.6) - 0.49
Loose sand, dry (¢ = 0.8) - 0.64
Compacted clay 9 0.42
Compacted clay 31 .60
Organic silty clay, undisturbed (w, = 74%) 45 0.57

Thus, once certain properties are known / calculated, the CPT value can be inferred and ultimately the
soil modulus determined.
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Figure 1. Correlation between Stress, Relative Density and CPT value for ¢ = 32°
(Salgado and Prezzi 2007)

Extrapolation of Es
In addition to the aforementioned calculation approach (known to be conservative), the previously

approved correlation between stress and soil modulus developed by Selig (1990) and referenced by
Qian et al (2001) will be extrapolated for comparison with the calculated value.

CALCULATIONS AND RESULTS
MC VI-EP2W
e The horizontal stress (on in Equation 2) was calculated as 15.1 pounds per square inch (psi).

e The on/ pa ratio is therefore 1.1 (pa = standard reference stress = 1 tsf = 13.88 psi) correlating
to a qc / pa ratio of approximately 275. This yields a CPT value of 3,800 psi.

e Finally, the soil modulus (Esin equation 1) is calculated to be 7,600 psi.
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Another method of analysis uses Table 3 as the basis of determining the soil modulus Es.

Table 3. Elasticity of Soil Under Stress (Selig 1990 c/o Qian et al 2001)

85% Standard Density 95% Standard Density
Soil Type
Stress Level E, E,

psi kPa psi MPa v psi MPa A
1 7 1,300 9 0.26 1,600 11 0.40
5 35 2,100 14 0.21 4,100 28 0.29
10 70 2,600 18 0.19 6,000 41 0.24
SW, SP, GW, GP 20 140 3,300 23 0.19 8,600 59 0.23
40 280 4,100 28 0.23 13,000 90 0.25
60 420 4,700 32 0.28 16,000 110 0.29
1 7 600 4 0.25 1,800 12 0.34
5 35 700 5 0.24 2,500 17 0.29
GM, SM, ML, and 10 70 800 6 0.23 2,900 20 0.27
GC, SCwith < 20% fines 20 140 850 6 0.30 3,200 22 0.29
40 280 900 6 0.38 3,700 25 0.32
60 420 1,000 7 0.41 4,100 28 0.35
1 7 100 1 0.33 400 3 0.42
5 35 250 2 0.29 800 6 0.35
10 70 400 3 0.28 1,100 8 0.32
CL, MH, GC, SC 20 140 600 4 0.25 1,300 9 0.30
40 280 700 5 0.35 1,400 10 0.35
60 420 800 6 0.40 1,500 ) 0.38

e This approved correlation is plotted in Figure 2, showing a coefficient of determination (i.e.
accuracy of trend line).
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Figure 2. Correlation between overburden stress and soil elasticity modulus (from Table 3)

e The equation of the trend line shown is given below. Equation 3 was used to estimate Es
under the specified overburden pressure for both the horizontal and vertical expansion cases.

E, = 1281.60,%3147 3

e This correlation indicates that at 80.5 psi (estimated overburden scenario) the soil modulus of
elasticity will be approximately 5,098 psi.

e To preserve a conservative calculation, the smaller values of elastic modulus — 5,098 psi for
MC VI-EP2W will be used in the pipe strength and deflection analysis.

MC VI-G4 through G7

e The horizontal stress (on in Equation 2) was calculated as 29.0 pounds per square inch (psi).

e The on/ pa ratio is therefore 2.1 (pa = standard reference stress = 1 tsf = 13.88 psi) correlating
to a qc / pa ratio of approximately 190. This yields a CPT value of 2,700 psi.

e Finally, the soil modulus (Esin equation 1) is calculated to be 5,400 psi.
Using the trendline equation for Es vs overburden pressure:

e This correlation indicates that at 41.9 psi (estimated overburden scenario) the soil modulus of
elasticity will be approximately 4,151 psi.

e To preserve a conservative calculation, the smaller values of elastic modulus — 4,152 psi for
MC VI G4 through G7 will be used in the pipe strength and deflection analysis.
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Leachate Collection Pipe Strength and Deflection

OBJECTIVE

Evaluate the strength and deflection of the proposed and existing leachate collection pipes for Master Cell VI-
G, Master Cell VI-F, and Master Cell VI-E due to the proposed final grade adjustments.

DESIGN CRITERIA, ASSUMPTIONS AND METHODOLOGY
The leachate collection pipes selected for this analysis are:

e Leachate collection pipes: 8-inch diameter HDPE SDR-11 (MC VI G4 — G7) or SDR-9 perforated pipe
(MC VI G4 - G7) or 6-inch SDR-7 (existing MC VI E, MC VI G1 - G3) or 6-inch SDR-7.3 (existing
MC VI E, MC VI G1 - G3)

o Leachate collection pipes will operate at “non-pressurized” condition.

e The leachate collection pipes for MC VI-G4 — G7 are perforated with a pattern of 4 perforations around
the circumference (90 degree spacing), at 6 inches between sets of holes (See Figure 1). Perforations
are 0.5-inch diameter.

e The leachate collection pipes for existing MC VI-E cells, MC VI-G1 — G3 are perforated with a pattern
of 4 perforations around the circumference (90 degree spacing), at 2 inches between holes (6 rows per
foot). Perforations are 0.25-inch diameter.

) B" SDLID END CAP
6" BETWEEN ROWS ON UPSTREAM END

TO o o a a [ [ [ © o o o o - %” Dl-":"-. HOI—ES‘
90'\J

Figure 1 - Pipe Perforation Detail for MC VI-G4 through G7
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.PIPE IS HDPE, 6" SDR 7.3
WITH 1/4" DIA. HOLES.
2" SPACING ALONG EACH ROW 4
OF (4) ROWS. ROWS RO

SPACED AROUND

CIRCUMFERENCE AS
SHOWN. TOTAL 24 HOLES |
PER FOOT. 0

—_

60°
Figure 2 - Pipe Perforation Detail for MC VI-E, G1 - G3

Leachate collection pipes will be subjected to static loadings from the deposited waste vehicular traffic during
the early stages of waste disposal. Previous analyses demonstrated that the live loading due to equipment loading
was insignificant in comparison with the static loading at full height of the landfill so long as the initial cover
over the riser pipes was at least 5 feet. The modification does not change this.

Static Loading

Pipe static loads were calculated using the Prism Load Method. The overburden load on the leachate collection
pipe, (from top to bottom) includes the protective cover layer, waste layer, and the drainage layer. Because all
of the layer thicknesses are constant except the waste layer, the most critical case (maximum static load) occurs
where the waste thickness is greatest.

A comparison between the final cover grading plan and leachate collection system plan shows that the maximum
waste thickness in MC VI E, MC VI F, and MC VI G is approximately 210 feet, 185 feet, and 250 feet,
respectively. Each cell also includes 4 feet of cover soil in the cap system and a 1-foot drainage layer below the
waste. Existing pipesin MC VI E is 6” SDR 7 or 6” SDR-7.3 and existing MC VI G1is 8” SDR 9. The proposed
pipes in MC VI G and MC VI F are to be either 8” SDR-9 or 8” SDR-11. To be conservative, the calculation
will be performed using 250 feet of waste thickness for 8” SDR-9, 8 SDR-11, 6” SDR-7.3 and 6” SDR-7.
Figure 2 illustrates the thicknesses and unit weights of the various soil material layers above the sump riser.
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Figure 3. Cross Section of Typical Profile of Leachate Pipe for Static Loading Analysis
Figure Not To Scale

The Prism Load Method is most conservative as it does not make use of any reduction factors (Moser 1990).
Equation 1 shows how the pressure on the pipe is calculated.

Os = Yes hc.s. + Ywaste hwaste + Yis hl.s (1)

Where:

Os = static load on the leachate pipes, pounds per square foot [psf]
Yes = unit weight of final cover soil, pounds per cubic foot [pcf]
hes = thickness of final cover soil [ft]

Ywaste = UNit weight of waste [pcf]
hwaste = depth of waste above the pipe [ft]

11s = unit weight of sumpfloor aggregate above the pipe [pcf]

his = thickness of sump floor aggregate above the pipe [ft]

Pipe and Soil Properties Sources

The maximum allowable deflection ratios of HDPE pipes is 7.5% (ASTM F1962-11). As stated in the Handbook
of PE Pipe, “for non-pressure applications, a 7.5 percent defection limit provides a large safety factor against
instability and strain and is considered a safe design defection. Some engineers will design profile wall pipe and
other non-pressure pipe applications to a 5% defection limit but allow spot defections up to 7.5% during field
inspection.” (Plastic Pipe Institute, 2019). Based on this, a 5% deflection limit will be used for this design to be
conservative.

The elastic modulus for HDPE pipe material (Ep) was reduced to 21,170 pounds per square inch (psi) to account
for potential creep effects assuming a temperature of 100° F for 50 years (Plastic Pipe Institute, 2020).

The soil reaction modulus (E”) depends on the soil elastic modulus (Es) which is in turn based on soil stress.
(Qian et al 2001).
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E’=2 x E; 2)
Where:

E’ = soil reaction modulus, psi
Es = soil elastic modulus, psi

The soil elastic modulus was estimated as 6,525 psi (See Attachment 2 — Determination of Soil Elasticity
Modulus).

Parameter Sources
Table 2 summarizes the sources used to gather the various parameters made in these calculations.

Table 1. Sources of Pipe and Soil Parameters

Parameter Source
Dimensions (OD, ID, t) ISCO Pipe Catalog
. Perforation CTI1 2020
HDPE Pipe . L. .
Elastic Modulus (Ep) Plastic Pipe Institute, 2020
Acceptable Deflection ASTM F1962-11, Handbook of PE Pipe
Soil — typical values
. Unit Weights (je, 7, Ywaste) Waste — based on historical site-specific
Soil waste density
Elastic Modulus (Es) Attachment 1
Misc. Modified lowa Method Parameters  Moser 1990

CALCULATIONS AND RESULTS
Vertical Deflection — Modified lowa State Method
An engineering approach to estimate the deflection of buried pipes was developed by a group of research faculty

and students at lowa State University. Equation 6 is a summary of the effort of the Towa State Group’s to model
buried, flexible pipe deflection (Moser 1990).

~ D, KyWp
" (Eo1/r)+(0.061E") @)
Where:
y = vertical pipe deflection [in]
D. = deflection lag factor
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Ky, = bedding constant
We = vertical load per unit length (in the pipe length direction) [Ib/in]

= o)

W = unadjusted (for perforation) vertical load per unit length [lb/ft]

= Zﬂ/iHi

Yi unit weight of material i on the pipe
Hi thickness of material i
OD = outside diameter of pipe [in]

D diameter of perforations [in]
N = number of perforation per row per linear foot of pipe
Er = modulus of elasticity of pipe material [psi]
I = moment of inertia of the pipe wall per unit length [in®]
r = mean radius of pipe [in]
_ OD-tp
2
E’ = soil reaction modulus [psi]

Since the conservative Prism Load Method is being applied, no adjustment for lag is required. Therefore the
deflection lag factor is set to 1.0. It is typical in designs to assume a bedding constant of 0.1, as this is also a
conservative value (Moser 1990).

Once the vertical pipe deflection is determined, the corresponding percent pipe wall strain/deflection ratio can
be calculated as follows.

e = x100% @)
2r
Where:
¢ = pipe wall strain/deflection ratio

y = vertical pipe deflection [in]
mean radius of pipe [in]

q
1]

Wall Buckling

Local wall buckling is a longitudinal wrinkling of the pipe wall. Although wall buckling is seldom the limiting
factor in the design of a pipe-soil system, a check can be made according to Equation 8 (Moser 1990).
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fZE’E
0.8 g
FS = Pcb - SDR (5)
GZ O-Z
Where:

P, = critical buckling pressure at top of pipe [psi]
o, = actual vertical pressure on the pipe [psi]
E’ = modulus of soil reaction [psi]
E, = modulus of elasticity of pipe material [psi]
SDR = standard dimension ratio = OD/t,
OD = outside diameter of pipe [in]
Tp = pipe wall thickness [in]

A calculation spreadsheet, based on equations presented in the previous section, was developed to analyze pipe
strength. See Table 3 for calculation details of HDPE pipes in the proposed modification area.
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Table 2. Pipe Deflection and Buckling Strength Worksheet for MC VI E, MC VI F, and MC VI G Leachate
Collection pipes

1 2 3 4
8" HDPE SDR || 8" HDPE SDR || 6" HDPE SDR || 6" HDPE SDR
11 9 7 7.3
Item Notation| Units | Perforated Perforated Perforated Perforated
Vertical load
H refuse ft 250.0 250.0 250.0 250.0
Design ertical stress on pipe o psf 25,870 25,870 25,870 25,870
‘ psi 179.7 179.7 179.7 179.7
Outside diameter of pipe oD in 8.625 8.625 6.625 6.625
Inside Diameter of pipe ID in 6.963 6.593 4.619 4.701
Pipe Wall Thickness t in 0.784 0.958 0.946 0.908
OD/SDR
Unadjusted ertical load per unit length W Ibs/in 1550 1550 1190 1190
W = y*H*OD
Dia. of perforations D in 0.50 0.50 0.25 0.25
No. of Perforation Rows per foot N 2 2 6 6
Modified Vertical stress W, |Ibsin| 1690 1690 1360 1360
W, = W¥(12/(12-(D*N)))
Vertical Deflection (Modified lowa Method)
Deflection Lag factor D, 1.00 1.00 1.00 1.00
Mean Pipe radius r in 3.92 3.83 2.84 2.86
r = (OD-t,)/2
Bedding Constant Kp 0.10 0.10 0.10 0.10
Soil Modulus of Elasticity Es psi 6564.8 6564.8 6564.8 6564.8
MOd“";S_S;‘;” Reaction E psi | 13130 | 13130 | 13130 | 13,130
Pipe Modulus of elasticity Ep psi 21,170 21,170 21,170 21,170
Moment of Inertia | in® | 00402 | 00733 | 00706 | 0.0623
I =(t,%/12)
Vertical Deflection - y in 0.2074 | 02040 | 01570 | 0.1587
y=[(D KpW ,)/((El/r°)+(0.061E ;)]
Percentage Deflection . % 2 6% 2 704 2 8% 2 8%
yl(2r) for both PVC and HDPE
Limiting Strain for HDPE pipe % 5.0% 5.0% 5.0% 5.0%
Buckling Analysis (for HDPE pipes only)
Critical Buckling Pressure Poe | psi | 517.01 698.60 | 1018.46 | 956.33
Py =0.8*(2E Ep/SDR®)®
Required Factor of Safety FS 1.0 1.0 1.0 1.0
Provided F.S against wall buckling FS 2.6 3.6 5.0 4.7
FS = Py /[ 62/(1-nd/12)] ’ ' ' ]
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CONCLUSIONS

The vertical deflection and factors of safety against buckling and collapse were examined for the leachate
collection pipes in the proposed modification. The strength and deflection analyses are shown in Table 3.

Based on the results in Table 3 for the MC VI E, MC VI F, and MC VI G leachate collection pipes, it is concluded
that the calculations indicate acceptable levels of deflection will occur and an adequate factor of safety is
provided against buckling for 8” SDR-11, 8” SDR-9, 6” SDR-7.3, and 6 SDR-7.
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Attachment A-3.2.1
Pipe Properties Charts
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TABLEB.11

Apparent Elastic Modulus for 73°F (23°C)

Duratlon of Deslgn Values For 73°F (23°C) "=
Sustalned
Loading PE 2X0¢X PE3XOX PEAXX
psi MPa psi MPa psi MPa
0.5hr 62,000 428 78,000 538 82,000 565
1hr 50,000 407 74,000 510 78,000 538
2hr 57,000 393 71,000 490 74,000 510
10hr 50,000 345 62,000 428 65,000 448
12hr 48,000 33 60,000 414 63,000 434
24hr 46,000 317 57,000 393 60,000 414
100hr 42,000 290 52,000 359 55,000 379
1,000hr 35,000 241 44,000 303 46,000 317
1 year 30,000 207 38,000 262 40,000 276
10 years 26,000 179 32,000 221 34,000 234
50 years 22,000 152 28,000 193 29,000 200
100 years 21,000 145 27,000 186 28,000 193

(1) Although there are various factors that determine the exact apparent modulus response of a PE, a major factor
15 its ratio of crystalline to amorphous content — a parameter that is reflected by a PE's density. Hence, the
major headings PE2X20K, PE3X2C{ and, PEAXXXK, which are based on PE's Standard Designation Code. The
first numeral of this code denotes the PE's density category in accordance with ASTM D3350 (An explanation
of this code is presented in Chapter 5).

(2) The values in this table are applicable to both the condition of sustained and constant loading (under which
the resultant strain increases with increased duration of loading) and that of constant strain {under which an
initially generated stress gradually relaxes with increased time).

(3) The design values in this table are based on results obtained under uni-axual loading, such as occurs in a test
bar that is being subjected to a pulling load. When a PE is subjected to multi-axial stressing its strain response
is inhibited, which results in a somewhat higher apparent modulus. For example, the apparent modulus of a PE
pipe that is subjected to internal hydrostatic pressure — a condition that induces bi-axial stressing - is about
25% greater than that reported by this table. Thus, the Uni-axial condition represents a conservative estimate
of the value that is achieved in most applications.

It should also be kept in mind that these values are for the condition of continually sustained loading. If there is
an interruption or a decrease in the loading this, effectively, results in a somewhat larger modulus.

In addition, the values in this table apply to a stress intensity ranging up to about 400psi, a value that is
seldom exceeded under normal service conditions.

(Plastic Pipe Institute, 2020, Ch. 3)
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TABLE B.1.2
Temperature Gompensating Multipliers for Determination of the
Apparent Modulus of Elasticity at Temperatures Other than at 73°F (23°C)

Equally Applicable to All Stress-Rated PE’s
(e.g., All PE2xxx’s, All PE3xxx’s and All PE4xxx’s)

Maximum Sustarined Temperature Compensating Multiplier
of the Pipe °F (°C)
-20 (-29) 254
-10 (-23) 2.36
0 (-18) 2.18
10 (-12) 2.00
20 (-7) 1.81
30 (-1) 1.65
40 (4) 1.49
50 (10) 1.32
60 (16) 1.18
73.4 (23) 1.00
80 (27) 0.93
90 (32) 0.82
100 (38) 0.73
110 (43) 0.64
120 (49) 0.58
130 (54) 0.50
140 (60) 0.43

(Plastic Pipe Institute, 2020, Ch. 3)
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PE 4710 IPS HDPE Pipe Sizes

oressure N;’:j:al ol |1z 2 | | e | s | e | e | 10
Rating A;f;f' 132" | 1.660"| 1.90" | 2.38" [3.500" | 4.50" | 5.563" |6.625"| 8.625" | 10.750"
Min. wall| 0.188" | 0.237"|0.271"| 0.339" | 0.500" | 0.643" | 0.795 | 0.946" | 1.232" | 1.536”
ory | % |osi7| 1157|1325 1656 | 2440|2137 ae7er [asrer | 01 | 74047
(333psi) wlifffht 0.291 | 0.463 | 0.607 | 0.950 | 2.060 | 3.402 | 5.200 | 7.374 | 12.498 | 19.416
Min. wall| 0.180" | 0.227" | 0.260"| 0.325" | 0.479" | 0.616" | 0.762" | 0.908" | 1.182" | 1.473°

DR73 ‘ﬁ”fsge 0.933" | 1.178"| 1.348"| 1.685" | 2.484" | 3.193" | 3.947" | 4.701"| 6.120" | 7.628
(312psi) wlifffht 0.281 | 0.450 | 0.590 | 0.920 | 1.990 | 3.200 | 5.022 | 7.130 | 12.070| 18.750
Min. wall| 0.146" | 0.184"|0.211"| 0.264" | 0.389" | 0.500" | 0.618" | 0.736" | D.958" | 1.1947

DR S A"'fsge 1.005" | 1.269" | 1.452" | 1.816"| 2.676" | 3.440" | 4.253" | 5.064" | 6.503" | 8.218"
(250psi) “‘;Ei,‘-lgfht 0.235 | 0.374 | 0.490 | 0.770 | 1.664 | 2.751 | 4.204 | 5.963 | 10.110 15.700
Min. wall| 0.120" | 0.151"|0.173"| 0.216" | 0.318" | 0.409" | 0.506" | 0.602" | 0.784" | 0.977"

DR 11 A“'fsge 1.062" | 1.340" | 1.534"| 1.917"| 2.825" | 3.633" | 4.491" | 5.348" | 6.963" | 8.678"
(200psi) “‘rl?flgfht 0.200 | 0.314 | 0.411 | 0.642 | 1.395 | 2.310 | 3.523 | 5.000 | 8.470 | 13.160

(ISCO Product Catalog)
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ul

INTERNATMONAL

Designation: F1962 - 11

Standard Guide for
Use of Maxi-Horizontal Directional Drilling for Placement of
Polyethylene Pipe or Conduit Under Obstacles, Including

River Crossings’

X2.0 Deflection Limits—The limiting deflection (in percent)
15 determined by the geometric stability of the deflected pipe.,
hydraulic capacity, and the strain occurring in the pipe wall. It
has been observed that for PE, pressure-rated pipe, subjected to
soil pressure only, no upper limit from a practical design point
ol view seems Lo exist [or the bending strain (15). Therelore,
for non-pressure pipes or conduits the safe long-term deflection
i5 7.5 % of the diameter, When subjected to internal pressure in
addition to soil pressure, the localized bending strain resulting
from deflection combines with the hoop tensile strain caused
by imternal pressure to produce a higher, localized tensile
fiber-stress. However, as the internal pressure is increased the
pipe re-rounds and the bending strain is reduced. At high
pressures, the bending strain is reduced and the ring tensile
siress approaches that duee 1o internal pressure alone, For
calculation method, see Ref. (16). This fact coupled with the
ductility of PE permits the designer to ignore the combined
effect of pressure and deflection. In lieu of an exact calculation
based on allowable strain, the designer can use the safe
long-term design deflection values for pressure pipe shown to
Table X2.1.

TABLE X2.1 Safe Long-Term Design Deflection values for Buried
Pressurized Polyethylene Pipe

DR or SDR Deflection Limils as % of Diameter

21 7.5
17 6.0
16.5 6.0
13.5 6.0
n 5.0

9 4an

T3 a0

{151 Janson, L.E..” Long-Term Studies of PVC and PE Pipes Subjected 1o
Foreed Constant Deflection”, Report No. 3, KP-Council, Stockholm,
Fweden, 1991

{16 Janson, LE., Plastics Pipes for Water Supply and Sewage Disposal,
Borealis, Stockholm, Sweden, 1995,

This stamdard is issued under the fixed designation FI962: the number immediately following the designation indicates the year of
original sdoption or, in the ease of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (&) indicates an editorial change since the last revision or reapproval.
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Attachment A-3.2.2
Determination of Soil Elasticity Modulus
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DETERMINATION OF SOIL MODULUS OF ELASTICITY

OBJECTIVE

Determine an appropriately conservative soil modulus of elasticity (Es) for use in calculating the
strength of the for Master Cell VI-G, Master Cell VI-F, and Master Cell VI-E leachate pipes due to the
proposed final grade adjustments.

ASSUMPTIONS AND METHODOLOGY

Calculation of Es

The following assumptions were made to ensure the accuracy of the final calculated value while
preserving conservatism.

e The pipe under strength analysis is to be backfilled with stone (gravel).

e Maximum estimated stress on leachate collection for Master Cell VI-G, Master Cell VI-F, and
Master Cell VI-E leachate collection pipes = 179.7 psi

e Soil modulus of elasticity can be conservatively calculated as follows (from Table 1).

E,=2-q. [ps] (1)

Where:
gc = Cone Penetration Test (CPT) value [psi]

The CPT value of the stone is not available through direct test data, but it can be estimated using the
friction angle and relative density. The following values were conservatively estimated based on likely
properties that the gravel backfill would possess:

e Friction angle (¢) = 32°
e Relative Density (Dr) = 70%

Z:\Shared\proj\Projects\Commercia\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-Calcs\PipeStrength\Attach 2 Soil Modulus_floor pipes_WDI-
Revl.docx



cti

Page 2 of 5

CALCULATION SHEET Project No.: 1218070017

Client: Wayne Disposal Calculated By: NSG Date: 10/1/2021
Project: WDI MC VI-G4 - G7 Liner and Final Cover Grading Modification  Checked By:_CAB Date: 10/4/2021
Calculation; Attachment 2 — Soil Modulus Determination Approved By; Date:

Table 1. Equations for computing Es by making use of SPT and CPT values [kpa] (Murthy 2003)

Soil SPT CPT

Sand (mormally consolidated ) SO0 N+ 15) 2wdyg
{35000 1o 50000) log N, i1+ D7) g,
(LL55.R Practice)

Sand (saturated) 250N+ 15)

Sand (overconsphdaied i 30 q.

Gravelly sand and gravel 1200(N _ +6)

Clayey sand 120N __ + 15) Jio6 g

Siliv sand IDDN  +8) lie2qg

Soft claw - Js g

Figure 1 shows an accepted correlation between these two properties and the CPT value, as well as
stress state (in terms of horizontal stress, calculated in Equation 2)

o, =ky-o, [psi] (2)

Where:

on = Horizontal stress due to overburden pressure [psi]

ko = Lateral earth pressure coefficient
=0.36 (conservative assumption, Table 2)

ov = Stress due to overburden soils
_179.7 psi for the for Master Cell VI-G, Master Cell VI-F, and Master Cell VI-E
" leachate collection pipes

Table 2. Coefficients of Earth Pressure for “at-rest” condition (Murthy 2003)

Type of soil !ﬂ Ky
Loose sand, saturated - 0.46
| Dense sand, saturated - 0.36 |
Dense sand, dry {¢ = 0.6) - 0.49
Loose sand. dry (e = 0.8) - O.04
Compacted clay 9 0.42
Compacted clay 31 0.60
Organic silty clay, undisturbed (w, = 74%) 45 0.57

Thus, once certain properties are known / calculated, the CPT value can be inferred and ultimately the
soil modulus determined.
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Figure 1. Correlation between Stress, Relative Density and CPT value for ¢ = 32°
(Salgado and Prezzi 2007)

Extrapolation of Es
In addition to the aforementioned calculation approach (known to be conservative), the previously

approved correlation between stress and soil modulus developed by Selig (1990) and referenced by
Qian et al (2001) will be extrapolated for comparison with the calculated value.

CALCULATIONS AND RESULTS
e The horizontal stress (on in Equation 2) was calculated as 64.7 pounds per square inch (psi).

e The on/ paratio is therefore 4.6 (pa = standard reference stress = 1 tsf = 13.88 psi) correlating
to a qc / pa ratio of approximately 400. This yields a CPT value of 11,100 psi.

e Finally, the soil modulus (Esin equation 1) is calculated to be 22,200 psi.

Another method of analysis uses Table 3 as the basis of determining the soil modulus Es.
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Table 3. Elasticity of Soil Under Stress (Selig 1990 c/o Qian et al 2001)

B3 % Standard Density 5% Standard Density
Sodl Type -
Stress Level f L
i kP [5i MPn (L [%i M v
| 7 |00 q (L26 | 650000 i} {140
5 15 2100 14 (21 4,100 8 {120
1] 70 2600 ] 019 .00 I {024
SW.SEGW. GP ] | i 1,300 23 L] 8600 §4 0.23
il 280 4,100 ) .23 [ 3,000 a0 0.2s
o) 420 4,700 12 (1.28 16,0000 1160 0.29
| 7 B | {1.25 1800 |2 {1.34
5 15 T 5 .24 2800 17 .29
Cid, SM, ML, and ] 0 S0 6 0.3 2900 | 0.2
Ll S0 with =< 20% lines 20 [ET] K50 f 0.30 1.200) 27 (.79
] 281 G000 [} 0,38 1.700 25 .32
(1] 4.4 | LK) 7 41 110K ] {35
| 7 LY} | 1,33 i 1 {42
3 & 250 2 0,29 KO0 [ 0,35
(1] Tl 1] L] .28 1,100 H 0,42
CL. MH, GC, 5C 20 e i) 4 0,25 {300 9 0.0
i 280 T 5 (L35 1,400 1) 1,35

fal) 421 L fy ()il | &0 11 i1.38

e This approved correlation is plotted in Figure 2, showing a coefficient of determination (i.e.
accuracy of trend line).

10000
9000
8000
7000
6000
5000 /*,_/
:Zgg //I?Zr =0.9993
2000 /

1000

0 T T T T T 1
0 20 40 60 80 100 120

Stress [psi]

Soil Elasticity Modulus (E;) [psi]

Figure 2. Correlation between overburden stress and soil elasticity modulus (from Table 3)
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e The equation of the trend line shown is given below. Equation 3 was used to estimate Es
under the specified overburden pressure for both the horizontal and vertical expansion cases.

E; = 1281.60,°3147 3)

e This correlation indicates that at 179.7 psi (estimated overburden scenario) the soil modulus
of elasticity will be approximately 6,565 psi.

e To preserve a conservative calculation, the smaller values of elastic modulus — 6,565 psi for
horizontal expansion cells will be used in the pipe strength and deflection analysis.

REFERENCES

Murthy, V.N.S. (2003) Geotechnical Engineering: Principles and Practices of Soils Mechanics and
Foundation Engineering Marcel Dekker, Inc., New York, NY.

Salgado, R. and Prezzi, M. (2007). “Computation of Cavity Expansion Pressure and Penetration
Resistance in Sands.” International Journal of Geomechanics. American Society of Civil
Engineers.

Xuede Qian, Robert M. Koerner and Donald H. Gray (2001). “Geotechnical Aspects of Landfill Design
and Construction” Prentice Hall, New Jersey.
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Leachate Collection System Flow Capacity Analysis

Objective

To evaluate the flow capacity of the leachate collection system as a part of the proposed MC VI-G
operation in Cell G4, G5, G6 and G7 at Wayne Disposal Inc. (WDI).

Design Criteria, Assumptions, and Methodology

1. The leachate collection system of the proposed design MC VI G4, G5, G6 and G7 are described
below:

a. The constructed system in MC VI G4, G5, G6, and G7 all consist of one layer of
geocomposite, a 8-inch HDPE SDR-9 or 11 perforation pipe, and a 12-inch thick
drainage sand layer.

2. Use Manning’s equation to calculate the allowable leachate collection pipe flow:

Qpipe = %ARhZ/le/Z 1)
where; Qupe = allowable flow rate, cubic feet per second (ft3/sec),
n = Manning’s roughness coefficient ~ 0.011 for HDPE or PVC pipe,
A = cross-sectional area of the pipe, square feet (ft?)
Rh = hydraulic radius, feet = 1D/4 for full flow,
S = slope of pipe, minimum 1% after settlement.
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For a partial flow pipe:

=1 I'—h - -
a =Ssin""—— inradians
r

O0=r-2c
Wet Area: A= rzg—(r—h)(x/Zrh—hz)

Wet Perimeter: P =ré@

_(r—h)\/Zrh—h2

r
2 ré Y

Hydraulic Radius: R, =

A
P

Where:
r=pipe radius (ft)
h = liquid depth in the pipe (ft)

3. Leachate collection pipes used (or to be used) in Cell G4, G5, G6 and G7 are 8-inch diameter
SDR 9 or 11 HDPE pipes with an average inside diameter (ID) of 6.593 inches (SDR 9 ID used

for conservatism).

4. Flow rate for each orifice (pipe perforation) is calculated as follows [1]:

Qorifice = CAVent (2)
Where Qoriice = flow rate, cubic feet per second (ft3/sec)
C = discharge coefficient = 0.62 [1]
A = area of orifice, square feet (ft?)
Vent = limit leachate entrance velocity, 0.1 feet per square second (ft/sec)

5. Perforations of leachate collection pipes used in MC VI G4, G5, G6 and G7 are % inches in
diameter. Four rows of perforations along the bottom portion of the pipe were drilled with 6-
inch spacing between perforations. To be conservative, it is assumed that only the bottom two

rows of perforations are submerged under leachate.

6” BETWEEN ROWS

1" ¢ HOLES

-] o ] -] ] Q -] o -] -] o"—’—r

+O

90"
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6. The 8-inch leachate collection pipes in MV VI G4, G5, G6 and G7 are assumed to flow % full
(See Appendix B-1 for detail).

7. Leachate generation was modeled using the HELP Model. The estimated leachate generation
rate for the floor area and the sideslope areas is 6,560 gallons/acre/day (gpad) and 6,674 gpad,
respectively. For the analysis area, the higher value of 6,674 gpad for the sideslopes was used
for all pipes for conservatism.
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Calculation

Leachate Collection System - Pipe Flow Capacity

MC VI G4, G5, G6 & G7:
Assuming the pipe is flowing full.

2
_149 .21 149 (m(6593\") (6593 3 0003 = 08575 — 5524984
Qattow = =5~ AR5 = 5577 | 2\ 712 4x12) VT O T o0aRTo0p

Assuming the pipe is flowing % full (r=h, 6=n).

_ 149
n
= 0.43 ft¥/s = 192 gpm =276,249 gpd

Qallow AR, /2= (1.49/0.011)(0.119)(0.137)%3(0.01)+2

Where:

2
a=r22=(25) x 22 = 0119 f1?

=TI = (L%S) x = = 0.137f¢

12 2

Leachate Collection System — Perforation Flow Capacity

MC VI G4, G5, G6 & G7:

2

md
Qorifice = CVA =0.62 x0.1x T

2
_ 0_062XM
= 8.45 x 107 ft3/sec
= 54.64 gallon/day

The total flow capacity for the perforations can be determined using the following equation and the
results are presented in Table 1:
Qperforation = N % L X Qorifice

Where Qperforation = total flow capacity through the perforations (gpd)
n = number perforation per foot (4 holes per foot)
L = perforated pipe length (ft)
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Table 1. Flow Capacity for the Pipe Perforations

MC VI G4 MC VI F2 MC VI F3 MC VI F4

Leachate collection pipe
length (o 364 507 681 595

Maximum flow capacity of

. 79,549 110,801 148,827 130,032
perforation (gpd)
Estimated leachate
generation based upon HELP 24,714 33,509 47,693 40,253
Model (gpd)
Conclusion

Based on the above calculations, flow capacities of leachate collection pipes and perforations are shown
in Table 2. Note that the geocomposite layer and stone pack around the pipe can provide additional
flow capacity for leachate collection system. Therefore, the presented value is conservative.

Table 2. Flow Capacity for the Leachate Collection Systems

MC VI G4 MC VI G5 MC VI G6 MC VI G7
Flow Capacity of 276,249 276,249 276,249 276,249
Collection pipe (gpd)
Maximum flow
capacity of 79,549 110,801 148,827 130,032
perforation (gpd)
Cell Acreage (acres) 3.70 5.02 7.15 6.03
Estimated leachate
generation based upon 24,714 33,509 47,693 40,253

HELP Model (gpd)
Note: Pipe flow capacities are based on half full pipe conditions

Reference

1. Qian, Xuede; Koerner, Robert; and Gray, Donald “Geotechnical Aspects of Landfill Design and
Construction” Prentice Hall, 2001.

Z:\Shared\proj\Projects\Commercial\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-
Calcs\PipeFlow\0017-20210309-MC6G 4-7 LCS flow capacity analysis_Rev0.docx



' Page 6 of 7

CALCULATION SHEET Project No.: 1218070017

Client:_US Ecology - Wayne Disposal Calculated By: LEH Date: 6/2/21
Project: WDI MC VI-G4 - G7 Liner and Final Cover Grading Modification Checked By:_ NSG Date: 10/4/2021
Calculation: Leachate Collection System Flow Capacity Analysis Approved By: XZ Date:_10/6/2021

ATTACHMENT A-4.1

PIPE SIZES
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HDPE Pipe
Source: www.hdpepipeco.com

PE 3608/3408 IPS HDPE PIPE SIZES

PRm:ﬁsrll.lgra DR T (26Tpsi) DR 7.3 ( 254psi) DR 9 ( 200psi) DR 11 ( 160psi) DR 13.5( 128psi ) DR 15.5( 110psi)
Maminalfy 10 Min. | Average | Weight Min. | Average | Waight Min. |Average| Weight Min. |Average| Weight | Min. | Average| Weight Min. |Average [ Weight
Size wall 1.D. IVl wall LD. I wal 1.0. /1 wall I wal 1.D. 1o/ wall .D. Iv'if
34" | 105" | 0.150" | 0732" | 0.184 | 0.144° | 0.745" | 0.178 [ 0.117"| 0.803" | 0.150 [ 0.095" 0.125 - — - — —- -

1" 1.315" | 0.188" | 0.917" | 0.289 | 0.180" | 0.933" 0.279 || 0.146" | 1.005" | 0.234 | 0.920" 0.197 - == - == = =
11/47| 1.667 0.237" | 1.157" | 0.460 | 0.227° | 1178 0.444 || 0.184" | 1.269" | 0372 | 0.9517 0.312 -— - -— - - =
11/2°( 1.80 0.271" | 1.325" | 0.603 | 0.260° | 1.348" [ 0.582 | 0.211"| 1.452" | 0488 | 0.173" 0.403 —~ —- -— —- —~ -—

2" | 2375 | 0.239" | 1.656" | 0.943 | 0.325" | 1.685" | 0762 || 0.264"| 1.816" | 0762 | 0.218" 0.63% | 0.176" | 2.002° | 0.531 [ 0.153" | 2.050° | 0467

3 3.5007 | 0.500" | 2.440" | 2.047 | 04757 | 2.484" 1.656 || 0.389" | 2.676" 1.656 | 0.318" 1.387 | 0.259" | 2.950" 1.153 | 0.226" | 3.021 1.015

47 45007 | 0.643" | 3.137" | 3.384 | 0.8167 | 3.193" 2737 || 0.500" | 3.440" | 2737 | 0.409" 2.284 | 0.333" | 3793 1.806 | 0.290 3.885 1.678

5° | 5375 | 0.768" | 3.747" | 4.830 | 0.7367 | 3.814" | 4.663 || 0.597" | 4.109" | 3.903 | 0.489" 3272 | 0.398" | 4.531" | 2718 [ 0.347" | 4.640° | 2.386

5" | 55837 | 0.795" | 3.878" | 5.172 | 0.782° | 3.947" | 4.182 || 0.618" | 4253" | 4.182 | 0.508" 3505 | 0.412"| 4689" | 2812 [ 0.359° | 4.802° | 2.584

6" | 6625 | 0.948" | 4.619" | 7.336 | 0.908" | 4701" | 5932 | 0.738" | 5.064" | 5932 | 0.602" 4971 | 0.491" | 5.585" | 4.130 [ 0.427" | 5719 | 3837

7 71257 | 1.018" | 4.967" | 8.195 | 0.976" | 5.056" 8.200 || 0.792" | 5.447" | 6.863 | 0.648" 5.750 | 0.528" | 6.006" 4779 || 0.480" | 6.150" | 3.985

8" | B.B25" | 1.232" | 6.013" [12.433 ] 1.182° | 6.120" | 10.054 | 0.958" | £.593" | 10.054 || 0.784" B.425 | 0.639" | 7.271" | 7.001 [ 0.556" | 7.445" | F.164

107 | 10.7507 | 1.536" | 7.494" | 19.314 | 1.473" | 7.628" | 15.618 || 1.194" | B.218" | 15618 | 0.977" 3 10.875 || 0.694" | 9.280" | 9.576

12" | 127507 | 1.821" | 8.889" | 27470 | 1.747" | 9.047" | 21.970 || 1.417" | 9747 | 21.970 || 1.159" | 1 3" 15.298 || 0.823" | 11.006" | 13.4T1

147 | 14.0007 ] 2.000" | 9.760" | 32.758 | 1.918" | 9.934" | 26.489 || 1.556" [ 10.702" [ 26.489 | 1.273" [ 1 2" 18.445 || 0.9037 | 12.085™ | 16.242

16" | 16.007 | 2.286" | 11.154" | 42,786 | 2.1927 [ 11.353" | 34.598 || 1.778" | 12.231" | 34.598 [ 1.455" | 12.916" 24,082 [ 1.0827 [ 13.8127 ) 21.214

187 | 18.007 | 2.571" | 12.549" | 54.151 | 2.4867 [ 12.773" | 43788 | 2.000" | 13760 | 43788 || 1.636" | 145317 & 30.491 || 1.1617 [ 15.538" | 26.843

20" | 20.00° | 2.857" [ 13.943" | 66.853 | 2.740" | 14.192" | 54.059 | 2.222" [ 15.289" | 54.059 | 1.818" | 16.145" 04 37.643 [ 1.290" [ 17.265" | 33.148

227 | 22.007 | 3.143" | 15.337" | 80170 ] 3.0147 | 15.611" | 65.412 || 2.444" | 16.818" | 65.412 || 2.000" | 17.760" | 54.818 | 1.630" | 18.545" | 45.548 || 1.4197 | 18.991" | 40.107

247 | 24.00° | 3.429" [ 16.731" | 96.267 | 3.288" | 17.030" | 92.988 || 2.667" [ 18.347" | 77.845 19. 65.237 54206 [ 1.548° [ 20717 | 47731

26" | 26.00 — — - 3.562° | 18.449" | 110.192 | 2.889" | 19.878" | 92.050 20. 6.56 BI.617 || 1.677" | 22.444" | 56.018

28" | 28.00° - - — —- —- — 31117 | 21.404" [ 106.750 22, 8.79 73.781 || 1.8067 | 241707 | B4.967

30" | 30.007 -— = - - - - 3.333" | 22833 [ 1216833 2 24, B4.697 || 1.9357 | 25.897" | T4.580

3z | 32.007 - = = = = = 3.556" | 24.462" [ 139.452 | 2.9 25. 96.367 || 2.085" | 27.623" | 84.855

34 | 400 == == = == == = == = == 3.08 27.44771130.930| 2.519" | 28.661" [ 109.332 | 2.1947 | 28.350" | 96.208

36 36.00 - - — —- —- — - — - 3.273" | 29.0627 [146.780| 2.667" | 30.347" | 121.960 || 2.323" | 31.076" | 107.335
420 | 42007 -— = - - - - - - - - -— = 31117 | 35.404" [ 166.800 || 2.710" | 36.255 | 146.176|
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Leachate Head-on-Liner Analysis for Liner Sideslopes

Objective

To determine the required geocomposite drainage layer transmissivity to maintain less than 1 foot of
head on the liner system for the sideslopes for Master Cell VI-G4 through Master Cell VI-G7 at
Wayne Disposal Inc. (WDI).

Design Criteria, Assumptions, and Methodology

The analysis was conducted using the following procedures:

1. Estimate the anticipated leachate impingement rate using the leachate generation estimate
from the Hydrologic Evaluation of Landfill Performance (HELP) Model. Two separate
models were developed for the 3H:1V sideslope area and the floor area. The resultant
impingement rate for the floor and sideslope areas are 6,560 and 6,674 gal/acre/day,
respectively. See Attachment 5.2 for additional details.

2. MC VI-G4 through MC VI-G7 have a 5% floor slope and sideslopes at 3H:1V. See Figure 1.
Two critical sideslopes were analyzed for this analysis. The first was MC VI-G5 which the
longest total slope length has a 39 foot long 3H:1V sideslope and 365 feet of 5% floor. The
second critical slope was for MC VI-G7. The longest total slope length was a 85 foot long
3.3% floor, a 63 foot long 22.35% sideslope, a 324 foot long 5% floor and a 12 foot long
3H:1V sideslope.

_:;:_rr_ —
ell Layout
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3. When the drainage geocomposite is used as part of the leachate collection system, the
protection/drainage soil layer is constructed on top of the geocomposite layer. The combine
(apparent) hydraulic conductivity of both layers can be calculated as [1]:

2

t

Kcombined = ngonet + (K sand ngonet) sand 2 (l)
tsamd +tgeonet
where,
Keombines = combined hydraulic conductivity of the saturated drainage layer (cm/s)
Ksand = hydraulic conductivity of the protective/drainage soil (cm/s)
Kgeonet = hydraulic conductivity of the geonet or geocomposite (cm/s)
tsand = thickness of the saturated protective/drainage soil layer (in)
tgeonet = thickness of the geocomposite (in)

4. Vary the transmissivity of the geocomposite to estimate the minimum required drainage
geocomposite transmissivity required. An additional cumulative reduction-factor of 5.28 is
also applied to the transmissivity of the geocomposite drainage layer based on the following
reduction factors based on GRI GC8:

Reduction Factor for Intrusion — 1.0 — 100 hour test results to be used

Reduction Factor for Creep — 1.2 — Typical value for high performance geocomposite
under high loading

Reduction factor for Chemical Clogging — 2.0 — highest value from GRI GC8
Reduction Factor for Biological Clogging — 1.1 — not expected to be significant due to
the nature of the waste

Factor of Safety — 2.0

5. Head-on-Liner Calculation — Numerical Solution of McEnroe’s Equation

The design for MC VI-G4 through MC VI-G7 utilizes a leachate collection pipe that is laid on
top of the base liner within a recessed trench.

The McEnroe 93 Method is an analytical solution form the differential flow governing
equation under a free draining condition. However, the differential flow governing equation
can be integrated numerically to describe the saturated depth profile without preconditions
such as the free draining requirement. This numerical solution of McEnroe’s equation can be
used to calculate the maximum head-on-liner calculation for all cells (See Attachment 5.1.2:
Slope Combined Numerical Method).

The differential flow governing equation is:

Ky(% —tan ozjcos2 a+rx=0 2)
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where,

K = hydraulic conductivity of the saturated drainage layer (cm/s)
y = saturated liquid depth over the liner (cm or inch)

X = horizontal coordinate (cm or inch)

r = leachate infiltration rate (cm/s)

a = slope angle

Equation 2 can be rearranged in a finite differential form:

Yo=Y + tana—L dx
e Ky, cos?

©)

dx = X, =X

Equation 3 can be numerically integrated using a pre-selected saturated liquid depth (y, ) at

the low end of the slope where “x” is equivalent to the maximum drainage length (Figure 1).
The procedure will result in a full phreatic surface profile and from which, the maximum
head-on-liner value can be determined.

Two cases were analyzed: (1) assuming the geocomposite drainage layer in the sand are both
conveying leachate to the sump and (2) the case in which the leachate head is maintained
within the thickness of the geonet and the sand layer serves only as a protective cover layer
above the geocomposite and not as a lateral leachate drainage layer. For the first case, the
calculated saturated depth of the sand was iterated until the predicted head on the liner and the
saturated thickness converged at approximately 12 inches by varying the geocomposite
transmissivity. For the second case, the transmissivity of the geocomposite was adjusted until
the flow depth was equal to the thickness of the geonet component (0.20 inches).
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Figure 1. Example of Phreatic Leachate Surface

Calculation

For all cells, the starting leachate depth (y, ) is 0.1-inch since the leachate collection pipes were laid

in recessed trenches. An interval of 0.5 inches was used as the incremental distance (dx) to generate
a smooth surface. Geocomposite drainage layer transmissivity was adjusted until the predicted
leachate thickness was less than 12 inches or less than 0.20 inches for the geocomposite/sand
combination or geocomposite-alone analyses, respectively.

Results and Conclusion

The results are summarized in Table 1 for all cells. The minimum transmissivity for MC VI-G5
should be utilized for MC VI-G4 and MC VI-G6 to be conservative. The MC VI-G7 minimum
transmissivity is to be utilized for only that cell because of its unique geometry. If the geocomposite
transmissivity exceeds the minimum value for each cell neglecting the sand then the sand layer will
serve only as a protective cover layer and not serve as a lateral leachate drainage layer.

The maximum leachate head on liner at the toe of the sideslope is below 1 inch in all cases.

Z:\Shared\proj\Projects\Commercial\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-
Calcs\LeachateHead\McEnroe-NoToePipe\A-5.1_L eachate head-on-liner analysis.doc



CALCULATION SHEET

Client: US Ecology — Wayne Disposal

cti

Calculation: Leachate Head-on-Liner Analysis

Page 5 of 11

Project No.: 1218070017

Calculated By: LEH

Date: 06/02/2021

Project: WDI MC VI-G4 - G7 Liner and Final Cover Grading Modification Checked By: NSG

Date: 10/04/2021

Approved By: XZ

Date: 10/5/2021

Table 1 — Input Parameters and Minimum Required Geocomposite Transmissivity Results

MC VI-G5 - MC VI-G7 -

Parameter MC VI-G5 [ Neglecting | MC VI-G7 | Neglecting

Sand (2) Sand (2)
Estimated leachate generation rate - floor 6.560 6.560 6.560 6.560
(gpad) ' ’ ’ '
Floor slope used in calculation 5.0% 5.0% 5.0% 5.0%
Maximum drainage distance on floor (ft) 365 365 409 109
Length of 3H:1V sideslope 39 39 75 75
Estimated leachate generation rate -
sideslopes (gpad) 6,674 6,674 6,674 6,674
Maximum allowable head-on-liner (in) 12 0.2 12 0.2
Maximum leachate depth at discharge 0.1 0.1 0.1 0.1
point (in) (at leachate collection pipe) ' ' ' '
Assumed sand permeability (cm/sec) (1) 1.0E-03 n/a 1.0E-03 n/a
Minimum required transmissivity for ) i i )
geocomposite on floor (M2/sec) 4.2E-04 9.4E-04 7.4E-04 1.7E-03
Estimated Maximum Head-on-Liner 11.91 0.2 11.86 0.2
(inches) ' ' ' '

NOTES

(1) Minimum requirement for protective sand layer in Part 115 Rules R299.4423(2)(ii) with geocomposite
(2) Minimum requirement of the geocomposite drainage layer to keep the flow within the thickness of the geonet.
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ATTACHMENT A-5.1.1

Head-on-Liner Calculation Spreadsheets

WDI MC VI G5
Prepared by: LH 6/2/21 R.01
Reviewed by: SLOPE 5 SLOPE 4 SLOPE 3 SLOPE 2 SLOPE 1
Approved by: minimum y (in) 0.010 Bottom Top
Slope in the direction of flow S ft./ft. 5.00% 5.00% 5.00% 5.00% 33.33%
Slope angle o radians 0.0500 0.0500 0.0500 0.0500 0.3217
Flow length in the direction of flow L ft. 92 91 91 91 39
Rate of vertical inflow per unit area r gal/acre/day 6,560 6,560 6,560 6,560 6,674
Saturated thickness of sand ( or protective soil) t sand in 12.0 11.0 7.2 2.8 0.3
ft. 1.000 0.916 0.598 0.231 0.028
Permeability of sand (or protective soil) K sand cm/sec 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Thickness of geonet t geonet in. 0.200 0.200 0.200 0.200 0.200
ft. 0.017 0.017 0.017 0.017 0.017
Geocomposite transmissivity m2/s m2/s 4.15E-04 4.15E-04 4.15E-04 4.15E-04 4.15E-04
Reduction Factor 5.28 5.28 5.28 5.28 5.28
Permeability of geocomposite K geonet cm/sec 1.55E+00 1.55E+00 1.55E+00 1.55E+00 1.55E+00
Combined (apparent) permeability K app cm/sec 5.13E-02 5.58E-02 8.37E-02 2.02E-01 9.34E-01
Leachate Head at Discharge Point h atL=0 in 0.10 10.99 7.18 2.77 0.34
Step Size dL in 0.1 0.1 0.1 0.1 0.1
Unit Width W ft 1 1 1 1 1
Maximum head on liner (McEnroe numerical) in each slope in 11.91 10.99 7.18 2.77 0.34
Maximum head on liner location (McEnroe numerical) in each slope ft 356.68 312.00 221.00 130.00 39.00
Maximum head on liner (McEnroe numerical) in all slope in 11.91
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WDI MC VI G5 - Neglected Sand

Prepared by: LH 6/2/21 R.01
Reviewed by: SLOPE 5 SLOPE 4 SLOPE 3 SLOPE 2 SLOPE 1
Approved by: minimum y (in) 0.010 Bottom Top
Slope in the direction of flow S ft./ft. 5.00% 5.00% 5.00% 5.00% 33.33%
Slope angle o radians 0.0500 0.0500 0.0500 0.0500 0.3217
Flow length in the direction of flow L ft. 92 91 91 91 39
Rate of vertical inflow per unit area r gal/acre/day 6,560 6,560 6,560 6,560 6,674
Saturated thickness of sand ( or protective soil) t sand in 0.0 0.0 0.0 0.0 0.0
ft. 0.000 0.000 0.000 0.000 0.000
Permeability of sand (or protective soil) K sand cm/sec 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Thickness of geonet t geonet in. 0.200 0.200 0.200 0.200 0.200
ft. 0.017 0.017 0.017 0.017 0.017
Geocomposite transmissivity m2/s m2/s 9.40E-04 9.40E-04 9.40E-04 9.40E-04 9.40E-04
Reduction Factor 5.28 5.28 5.28 5.28 5.28
Permeability of geocomposite K’ geonet cm/sec 3.50E+00 3.50E+00 3.50E+00 3.50E+00 3.50E+00
Combined (apparent) permeability K app cm/sec 3.50E+00 3.50E+00 3.50E+00 3.50E+00 3.50E+00
Leachate Head at Discharge Point h atL=0 in 0.10 0.15 0.11 0.06 0.02
Step Size dL in 0.1 0.1 0.1 0.1 0.1
Unit Width W ft 1 1 1 1 1
Maximum head on liner (McEnroe numerical) in each slope in 0.20 0.15 0.11 0.06 0.02
Maximum head on liner location (McEnroe numerical) in each slope ft 402.08 312.00 221.00 130.00 39.00
Maximum head on liner (McEnroe numerical) in all slope in 0.20
400 McEnroe 1993 "Maximum Saturated Depth over Landfill Liner"
\ Journal of Environmental Engineering
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WDI MC VI G7
Prepared by: LH 6/2/21 R.01
Reviewed by: SLOPE 5 SLOPE 4 SLOPE 3 SLOPE 2 SLOPE 1
Approved by: minimum y (in) 0.010 Bottom Top
Slope in the direction of flow S ft./ft. 3.33% 22.35% 5.00% 5.00% 33.33%
Slope angle o radians 0.0333 0.2199 0.0500 0.0500 0.3217
Flow length in the direction of flow L ft. 85 63 162 162 12
Rate of vertical inflow per unit area r gal/acre/day 6,560 6,674 6,560 6,560 6,674
Saturated thickness of sand ( or protective soil) t sand in 12.0 11.7 15 0.5 0.0
ft. 1.000 0.976 0.121 0.040 0.002
Permeability of sand (or protective soil) K sand cm/sec 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Thickness of geonet t geonet in. 0.200 0.200 0.200 0.200 0.200
ft. 0.017 0.017 0.017 0.017 0.017
Geocomposite transmissivity m2/s m2/s 7.40E-04 7.40E-04 7.40E-04 7.40E-04 7.40E-04
Reduction Factor 5.28 5.28 5.28 5.28 5.28
Permeability of geocomposite K’ geonet cm/sec 2.76E+00 2.76E+00 2.76E+00 2.76E+00 2.76E+00
Combined (apparent) permeability K app cm/sec 9.07E-02 9.28E-02 6.29E-01 1.38E+00 2.74E+00
Leachate Head at Discharge Point h atL=0 in 0.10 11.71 1.45 0.48 0.02
Step Size dL in 0.1 0.1 0.1 0.1 0.1
Unit Width W ft 1 1 1 1 1
Maximum head on liner (McEnroe numerical) in each slope in 11.86 11.71 1.45 0.48 0.02
Maximum head on liner location (McEnroe numerical) in each slope ft 418.33 399.00 336.00 174.00 12.00
Maximum head on liner (McEnroe numerical) in all slope in 11.86
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WDI MC VI G7 - Neglected Sand
Prepared by: LH 6/2/21 R.01
Reviewed by: SLOPE 5 SLOPE 4 SLOPE 3 SLOPE 2 SLOPE 1
Approved by: minimum y (in) 0.010 Bottom Top
Slope in the direction of flow S ft./ft. 3.33% 22.35% 5.00% 5.00% 33.33%
Slope angle o radians 0.0333 0.2199 0.0500 0.0500 0.3217
Flow length in the direction of flow L ft. 85 63 162 162 12
Rate of vertical inflow per unit area r gal/acre/day 6,560 6,674 6,560 6,560 6,674
Saturated thickness of sand ( or protective soil) t sand in 0.0 0.0 0.0 0.0 0.0
ft. 0.000 0.000 0.000 0.000 0.000
Permeability of sand (or protective soil) K sand cm/sec 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Thickness of geonet t geonet in. 0.200 0.200 0.200 0.200 0.200
ft. 0.017 0.017 0.017 0.017 0.017
Geocomposite transmissivity m2/s m2/s 1.70E-03 1.70E-03 1.70E-03 1.70E-03 1.70E-03
Reduction Factor 5.28 5.28 5.28 5.28 5.28
Permeability of geocomposite K’ geonet cm/sec 6.34E+00 6.34E+00 6.34E+00 6.34E+00 6.34E+00
Combined (apparent) permeability K app cm/sec 6.34E+00 6.34E+00 6.34E+00 6.34E+00 6.34E+00
Leachate Head at Discharge Point h atL=0 in 0.10 0.16 0.02 0.05 0.01
Step Size dL in 0.1 0.1 0.1 0.1 0.1
Unit Width W ft 1 1 1 1 1
Maximum head on liner (McEnroe numerical) in each slope in 0.20 0.16 0.09 0.05 0.01
Maximum head on liner location (McEnroe numerical) in each slope ft 481.23 399.00 335.03 174.00 12.00
Maximum head on liner (McEnroe numerical) in all slope in 0.20

550 McEnroe 1993 "Maximum Saturated Depth over Landfill Liner"

Journal of Environmental Engineering
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ATTACHMENT A-5.1.2

Slope Combined Numerical Method
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HEAD-ON-LINER CAL CULATION USING NUMERICAL APPROACH

OBJECTIVE

To determine the maximum saturated leachate depth within leachate drainage media above an
impermeable liner using a numerical implementation of the McEnroe (1993) Equations .

DESIGN CRITERIA, ASSUMPTIONS AND METHODOLOGY

The head-on-liner calculation is conducted according to the following procedure:

1. Determine the average transmissivity value of drainage geocomposite using test results
obtained under the design normal stress. This value is reduced through the application of
several reduction factors as described in following equation (Koerner 2005):

Hallow = etest (1)
RF, x RF.; x RF . x RF .
Where,

RFn

= reduction factor for intrusion (or elastic deformation)
RFcr = reduction factor for creep deformation

RFcc = reduction factor for chemical clogging

RFgc = reduction factor for biological clogging

Guiow = allowable transmissivity for the geocomposite, m%/s
etest

= tested transmissivity for the geocomposite, m?/s

2. Determine the combined (apparent) hydraulic conductivity of the drainage layer
(geocomposite overlain by a sand layer) using the equation by Qian et al. (2004):
t 2
kcombined = kgeonet + (ksand - kgeonet) sand 2 (2)
(tsand +tgeonet)
where,

Keombines = combined hydraulic conductivity of the saturated drainage layer (cm/s)
Ksand = hydraulic conductivity of sand (cm/s)

Kgeonet = hydraulic conductivity of geocomposite (cm/s)

tsand = thickness of the saturated sand layer (in)

tgeonet

= thickness of geocomposite (in)

3. Head-on-liner calculation — McEnroe (1993) Method (valid only for free draining condition)

A commonly used method for calculating the maximum head-on-liner was developed by

McEnroe (1993). McEnroe (1993) developed a differential equation to describe the flow in
the drainage layer using the extended Dupuit assumptions.

McEnroe also derived an
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analytical solution from the governing differential equation to determine the maximum head

(saturated depth) buildup under free draining conditions. McEnroe’s 1993 method (under free
draining conditions) is expressed as:

If R<1/4

Voo = LS*(R—RS + R252 " * {[(1- A-2R)L+ A—2RS)J/[1+ A—2R)L— A—2RS)[}"** (3)
If R=1/4

Yiex = LSR*(1—2RS)/(1—2R)*exp {2R*(S —1)/[(1— 2RS }1—2R)]}

(4)
If R>=1/4
Yo = LS*(R—RS + R?S?J* *exp {1/B)* tan*[(2RS —1)/B]- (1/B)*tan*[2R-1)/B]}  (5)
The parameters “R”, “A”, and “B” used in the above equations are defined as:
R=q/(ksin’a) (6)
A=(1-4R)" )
B =(4R-1)"" 8)
Where: k = hydraulic conductivity of the saturated drainage layer
L = drainage length
q = leachate infiltration rate
o

= slope angle
There are several limitations to the McEnroe (1993) method:

a. The analytical solution requires “free draining conditions”.

b. Hydraulic conductivity, leachate infiltration rate, and slope angle must be consistent
along the entire drainage length.

4. Head-on-liner calculation —numerical approach

The McEnroe (1993) method is an analytical solution of the differential equation governing
flow under free draining conditions.

However, this differential equation can be integrated
numerically to describe the saturated depth profile based on the boundary conditions. In other

words, the governing differential equation can be solved numerically without preconditions
such as the free-draining requirement.

The differential equation governing flow along a single drainage length is McEnroe (1993):

W[g—y—tanajcoszaﬂx:o

X

)
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k = hydraulic conductivity of the combined saturated drainage layer (cm/s)
y  =saturated liquid depth over the liner (cm or in)

X = horizontal coordinate (cm or in)

r = leachate infiltration rate (cm/s)

a =slope angle

Equation 9 can be rearranged into finite difference form:

Yo, =Y+ tan o ——— 2 |dx
A ky, cos® & (10)

dx = X — X

Equation 10 can be numerically integrated using a pre-selected saturated liquid depth (y, ) at

the low point of the drainage path, where “X” is equivalent to the maximum drainage length

(Figure 1). The procedure will result in a full phreatic surface profile. From this profile the
maximum head-on-liner value can be determined.

100

= Floor — Liquid Surface
90

80 |
70
dx
60 | Yirt

Vi
50

Elevation "y+E"

40

30

20

10 4

0

T X T T
0 50 100 150 200 250 300
Horizontal Distance "x"

Figure 1. Example of Phreatic Leachate Surface

For a drainage system with multiple slopes (Figure 2), Equation 10 is arranged for each slope
segment. Note that dimensions shown in Figure 2 are arbitrarily selected for illustrative purposes.

For slope segment 1: 0<x <L,

X
y|+1 yl { 1 klyi C052 1}( i+1 |) q

at x=1L,:y is equal to the value calculated from segment 2 at the
same value of x.
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Vi =Y +| tana; -

j-1

i
For other slope segments (segment j where j >1): Z L, <x < Z L, :
f=1

f

=1

j-1

Eqg. 12

at X:ZLf .y is equal to the value calculated from segment j-1 at the
f=1

same value of x.

Where
k, and k; = combined hydraulic conductivity of the saturated drainage layer in
slope segments 1 and j, respectively
rand r; = leachate infiltration rate to slope segments 1 and j, respectively

o, anda; = slope angle of slope segments 1 and j, respectively
L, andL; =total drainage length of slope segments 1 and j, respectively

150

Phreatic Surface Elevation (in)

130 1
110 +—5— Yix
PQ Yi2
90 ‘.\
M
70 L > | Yi3
N
50 T \\ Yid
L3 N
" ) ‘K
N %
a_ll
10 RSTs NY
-10
L
-30 =
-50
0 100 200 300 400 500 600
Horizontal Distance from Top of Slope (ft)
—Slope 1 ===Slope 2 ===Slope 3
===Slope 4 Slope5 e loor

Figure 2. Example of Multiple Phreatic Leachate Surface

VERIFICATION OF THE NUMERICAL MODEL

A spreadsheet (in Microsoft Excel) was developed for the numerical integration of Equations 11 and

12. This spreadsheet included five slope segments.

Multiple input parameters can be adjusted
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independently for each slope segment (Figure 3). To verify the accuracy of the numerical model
results, the maximum values of leachate head on liner were calculated using a variety of input
parameters and compared to the results estimated using the McEnroe (1993) method. Due to the
limitations of the McEnroe (1993) method, constant values of leachate infiltration rate, slope angle,
and permeability were applied to all slope segments in the numerical model and the free draining
conditions were simulated using the numerical approach by applying a small leachate depth at the
lowest point of the slope.

Test 1: Step distance for numerical integration

The maximum head-on-liner values were calculated using both the McEnroe (1993) Method and the
numerical approach for six different permeability values (Table 1) and five leachate infiltration rates
(Table 2). Four integration step distances (ranging from 0.2 to 3 inches) were used. In both tests, the
results from the numerical approach are very close to the results calculated using McEnroe (1993)
method. Therefore, the numerical approach was verified. Moreover, the incremental variation in
numerical integration step distance (dx) did not significantly impact the results under the trial
conditions. To minimize the file size and reduce computation time, an integration step distance of 0.5
inches is recommended when using the numerical modeling approach.

Table 1. Sensitivity of Numerical Approach to Integration Step Distance
for Various Permeability Values.

INPUT PARAMETERS
Liquid
Infiltration Depth at
Rate Drainage Lowest
(gpad) Length (ft) Slope Point (in)
= Slope 1 3,000 140 2.00% -
S5 Slope 2 3,000 235 2.00% -
E 5 Slope 3 3,000 200 2.00% -
3 3 Slope 4 3,000 75 2.00% -
Slope 5 3,000 350 2.00% 1.0
McEnroe 93 Method 3,000 1,000 2.00% free drain
RESULTS
Sand Ymax (in)
McEnroe
k 93 Numerical
(cm/s) dx=0.2 in dx=0.5in dx=1.0in dx=3.0in
0.01 112.35 102.98 112.35 112.38 112.56
0.05 30.64 30.61 30.65 30.65 30.67
0.10 16.63 16.63 16.64 16.64 16.65
0.50 3.70 3.70 3.70 3.70 3.70
1.00 1.89 1.89 1.89 1.89 1.89
5.00* 0.39 0.39 0.39 0.39 0.57
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Table 2. Sensitivity of Numerical Approach to Integration Step Distance
for Various Permeability Values and Leachate Infiltration Rates
INPUT PARAMETERS
Liquid
Depth at
Drainage Lowest
Length (ft) Slope Point (in)
Slope 1 140 2.00%
Slope 2 235 2.00%
Numerical Solution Slope 3 200 2.00%
Slope 4 75 2.00%
Slope 5 350 2.00% 1.0
McEnroe 93 Method 1,000 2.00% free drain
RESULTS
Ymax (in)
Infiltration McEnroe
Rate r Sand k 93 Numerical
(gpad) (cm/s) r/k* dx=0.2 in dx=0.51in dx=1.0in dx=3.0in
100 0.01 1.08E-05 6.02 6.02 6.02 6.02 6.03
500 0.01 5.41E-05 26.16 26.16 26.17 26.17 26.19
1,000 0.05 2.17E-05 11.50 11.50 11.50 11.50 11.51
3,000 0.05 6.50E-05 30.64 30.61 30.65 30.65 30.67
5,000 0.05 1.08E-04 47.18 47.18 47.18 47.19 47.23
5,000 0.10 5.41E-05 26.16 26.16 26.17 26.17 26.19
5,000 0.50 1.08E-05 6.02 6.02 6.02 6.02 6.03
Note:
* The ratio of infiltration rate and hydraulic conductivity of the drainage layer will control the
maximum leachate depth on the liner (see Eqg. 12).
Test 2: Starting leachate depth
this test.

satisfied.

of the slopes will be needed to initialize the integration. Four starting leachate depths were used in
Under the high permeability condition, the maximum head-on-linear was
determined to be 3.70 inches using McEnroe 93 method. The results from numerical approach with a

The maximum head-on-liner values from both the McEnroe (1993) Method and the
numerical solution were calculated for four different permeability values (Table 3). The results from

the numerical approach are very close to the results calculated using the McEnroe (1993) method

starting leachate depth of 1 inch or less were same as the value calculated from the McEnroe (1993)
method. However, if the starting leachate depth was selected as 9 inches, the maximum leachate

depth will occur at the starting point. This result indicates that the numerical integration approach
can be used to determine the maximum head-on-liner when the “free draining” condition is not

In most cases, a starting leachate depth of 1.0 inch can be used to represent the “free
C:\Users\xzhao\Dropbox\Transfer\Works\Excel Code\Calculations\Head on Liner Cal\Head-on-liner numerical solution final.docx
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draining” condition. Note that under same conditions such as very high value of the ratio between
infiltration rate and conductivity (high infiltration rate and low conductivity), the low starting
leachate depth may result unstable solutions from the model. If it is occurred, user can adjust the
staring value. A stable result can be verified by the trails and demonstrate that the the numerical
solution is stable and not unduly affected by the starting leachate depth

Table 3. Sensitivity of Numerical Solution to the Starting Leachate Depth

INPUT PARAMETERS
Liquid
Infiltration Depth at
Rate Drainage Lowest
(gpad) Length (ft) Slope Point (in)
= Slope 1 3,000 140 2.00% -
25 Slope 2 3,000 235 2.00% -
E 5 Slope 3 3,000 200 2.00% -
3 3 Slope 4 3,000 75 2.00% -
Slope 5 3,000 350 2.00% -
McEnroe 93 Method 3,000 1,000 2.00% free drain
RESULTS
Sand Ymax (in)
McEnroe
k 93 Numerical dx=0.5in
(cm/s) Yo=0.1in Yo0=0.5in Yo=1in Yo=9in
0.01 112.35 112.83 112.37 112.35 112.45
0.05 30.64 30.67 30.65 30.65 30.80
0.10 16.63 16.64 16.64 16.64 16.85
0.50 3.70 3.70 3.70 3.70 9.00
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Test 3: Add geocomposite layer

To improve the drainage capacity of the drainage layer, a geocomposite layer can be added under the
sand drainage layer. The combined hydraulic conductivity can be calculated using Equation 2. Two
permeability values for sand with and without geocomposite layer were tested. The results from the
numerical approach are very close to the values calculated using McEnroe 93 method (Table 4).

Table 4. Head-on-Liner Calculation with and without Geocomposite Layer

INPUT PARAMETERS
Liquid
Infiltration Depth at
Rate Drainage Lowest
(gpad) Length (ft) Slope Point (in)
= Slope 1 3,000 70 2.00% -
85 Slope 2 3,000 117 2.00% -
g 5 Slope 3 3,000 100 2.00% -
3 3 Slope 4 3,000 38 2.00% -
Slope 5 3,000 175 2.00% 1.0
McEnroe 93 Method 3,000 500 2.00% free drain
RESULTS
Ymax (in)
Sand Saturated | Combined McEnroe
k Depth k 93 Numerical
(cm/s) Geocomposite (inch) (cm/s) dx=0.51in
0.0100 no n/e 0.010 112.35 112.35
0.0100 yes 6.4 0.138 6.19 6.20
0.0010 no n/e 0.001 267.21 266.93
0.0010 yes 7.8 0.108 7.78 7.79

n/e: no effect on the results.

C:\Users\xzhao\Dropbox\Transfer\Works\Excel Code\Calculations\Head on Liner Cal\Head-on-liner numerical solution final.docx



]

[
[
ITHHI

CALCULATION SHEET

Client: Landfill

Project: Head-on-Liner Calculation

Calculation: Head-on-liner calculation using numerical approach

Calculated By: XZ
Checked By: TY
Approved By: KF

Page 9 of 17
Project No.:

Date: _3/6/2012

Date: _3/9/2012

DESIGN EXAMPLES USING THE NUMERICAL APPROACH

Six design examples are presented below to demonstrate the application of the numerical approach to
the calculation of the maximum head-on-liner values. Descriptions and results for each example are
summarized in Table 5. The detailed input parameters and phreatic surface plot for each example is
presented in Figures 4 to 9, respectively. As demonstrated in Table 5, the numerical approach can

accomodate multiple design conditions. In all design examples, the head-on-liner value cannot be

estimated using the McEnroe (1993) method due to the complexity of the system.

Table 5. Summary of Design Examples

segment; no trench at lowest point of the slope (no "free
drain") and the leachate depth is 9 inches at lowest point
(discharge point).

Max Head-on-Liner
EXAMPLE DESCRIPTION (INCHES)
1 Single slope with different leachate infiltration rates for each 8.08
slope segment '
2 Five slopes with constant leachate infiltration rate for each 16.64
slope segment '
3 Five slopes with different leachate infiltration rates for each 8.08
slope segment '
Single slope with constant leachate infiltration rate; Increased
4 flow capacity in bottom two slope segments by installing 11.73
geocomposite layer
Five slopes with different leachate infiltration rates for each
slope segment; High infiltration rate at top of the slope
5 . o . o 10.48
(representing open conditions); Increased flow capacity in
bottom two slope segments by installing geocomposite layer
Single slope with constant leachate infiltration rate; Increased
flow capacity by installing geocomposite layer in all slope
6 segments; Applied different leachate depths for each slope 10.74
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CONCLUSION

A numerical approach was developed to solve the differential equation governing flow in permeable
media above an impermeable barrier presented by McEnroe (1993). This new approach was verified
by analyzing multiple different boundary conditions and comparing the results to those calculated

using analytical solutions developed by McEnroe (1993). Several design examples were provided to
demonstrate the capability of this approach.
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HEAD ON LINER CALCULATIONS

SLOPE 5| SLOPE 4 | SLOPE 3 | SLOPE 2| SLOPE1
Bottom Top
Slope in the direction of flow S ft. /it 2.50% 2.50% 25.00% | 10.00% | 10.00%
Slope angle o radians 0.0250 0.0250 0.2450 0.0997 0.0997
Flow length in the direction of flow L ft. 300 150 150 150 150
Rate of vertical inflow per unitarea r gal/acre/day | 1,000 2,000 3,000 4,000 4,000
Thickness of sand ( or protective soil) t.and in 10.3 10.0 12.0 12.0 12.0
ft. 0.858 0.833 1.000 1.000 1.000
Permeability of sand ( or protective soil) K sand cm/sec 1.00E-03 | 1.00E-03 | 1.00E-03 | 1.00E-03 | 1.00E-03
Thickness of geonet t geonet in. 0.200 0.000 0.000 0.000 0.000
ft. 0.017 0.000 0.000 0.000 0.000
Geonet transmissivity m2/s m2/s 1.00E03 | 1.00E-03 | 1.00E-03 | 1.00E-03 | 1.00E-03
Reduction Factor 9.1 9.11 9.1 9.11 9.1
Pemeability of geonet K gecnet cm/sec | 2.16E+00|0.00E+00|0.00E+00| 0.00E+00|0.00E+00
Combined (apparent) perm eability K pp cm/sec 8.25E-02 | 1.00E-03 | 1.00E-03 | 1.00E-03 | 1.00E-03
Leachate Head at Discharge Point h atL=0 in 1.0 12.56 260.82 76.52 102.66
Step Size dL in 0.5 0.5 0.5 0.5 0.5
Unit Width W ft 1 1 1 1 1
Maximum head on liner (McEnroe numerical) in each slope in 13.31 260.82 260.82 112.22 102.66
Maximum head on liner location (McEnroe numerical) in each slope ft 760.75 450.00 450.00 213.79 150.00
Maximum head on liner (McEnroe numerical) in all slope in 260.82
Average Average
Maximum head on liner (McEnroe 93 with free drain) in 5.32 McEnroe 93
R 0.02 k 282E-02 HOL
Maximum head on liner (McEnroe 93 with free drain+Superposition) in 6.32 S5 8.75% (in)
q 2500  11.44
1150 McEnroe 1993 "Maximum Saturated Depth over
Landfill Liner"
Journal of Envronmental Engineenng
950 1
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Figure 3. Input and Output Sheet in the Head-on-Liner Calculation Spreadsheet
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EXAMPLE 1: Variance in Leachate Infiltration Rates

INPUT PARAMETERS (dx=0.5 in)
Liquid
Depth at
Infiltration | Drainage Combined k| Lowest Max Head-
Rate (gpad)| Length (/) Slope (cmis) Point (in) |on-Liner (in)
Slope 1 3,000 140 2.00% 0.10 - 2.90
§ c Slope 2 2,000 235 2.00% 0.10 - 595
5 % Slope 3 1,000 200 2.00% 0.10 - 7.18
g ° Slope 4 500 75 2.00% 0.10 - 743
=z® Slope 5 500 350 2.00% 0.10 1.0 8.08
OVERALL 8.08
McEnroe 93 Method | 3,000 | 1000 | 200% | 0.10 | free drain 16.63
300
280
£ 200
=
8
g 150
T}
o
£
= 100
B
-
e 50
I
o
g
-5
o 2040 400 a00 00 1.000 1.200

Hatizarital Distance from Top of Slope {ii)

=——Slope5  =——Slope4 =———Slope3 =—Slope?2 Slope 1  emmFloor

Figure 4. Design Example 1
Variance in Leachate Infiltration Rates
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EXAMPLE 2: Variance in Slopes

INPUT PARAMETERS (dx=0.5 in)
Liquid
Depth at
Infiltration | Drainage Combined k| Lowest Max Head-
Rate (gpad)| Length (/) Slope (cmis) Point (in) |on-Liner (in)
Slope 1 3,000 140 20.00% 0.10 - 0.83
§ c Slope 2 3,000 235 12.00% 0.10 - 148
5 % Slope 3 3,000 200 10.00% 0.10 - 1228
g ° Slope 4 3,000 75 2.00% 0.10 - 13.82
=z® Slope 5 3,000 350 2.00% 0.10 10 16.64
OVERALL 16.64
McEnroe 93 Method | 3,000 | 1,000 | 200% | 0.10 | free drain 16.63
1150
850 \
:E
5 750 \
I}
0 550 M,
O
£
3
73]
o= 350
o
a
I
o
150
"5& T T
o 2040 400 Go0 HOD 1,000 1.200
Hatizarital Distance from Top of Slape {it)
=——Slope5  =——Slope4 =——Slope3 =——Slope2 Slope1  emmmFloor

Figure 5. Design Example 2
Variance in Slopes
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EXAMPLE 3: Variance in Slopes and Leachate Infiltration Rates

INPUT PARAMETERS (dx=0.5 in)
Liquid
Depth at
Infiltration | Drainage Combined k| Lowest Max Head-
Rate (gpad)| Length (/) Slope (cmis) Point (in) |on-Liner (in)
Slope 1 3,000 140 20.00% 0.10 - 0.83
§ c Slope 2 2,000 235 12.00% 0.10 - 1.17
5 % Slope 3 1,000 200 10.00% 0.10 - 718
g ° Slope 4 500 75 2.00% 0.10 - 743
=z® Slope 5 500 350 2 .00% 0.10 10 8.08
OVERALL 8.08
McEnroe 93 Method | 3,000 | 1,000 | 200% | 0.10 | free drain 16.63
11580
850 \
£
£ 750 \
m
0 550 ™,
O
£
3
/3]
£
! " \‘\
L
o
150
"5& T T
o 2040 400 ao0 HOD 1,000 1.200
Hatizarital Distance from Top of Slope {ii)
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Figure 6. Design Example 3
Variance in Leachate Infiltration Rates and Slopes
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CALCULATION SHEET Project No.:
Client: Landfill Calculated By: XZ Date: _3/6/2012
Project: Head-on-Liner Calculation Checked By: TY Date: _3/9/2012
Calculation: Head-on-liner calculation using numerical approach Approved By: KF Date: _5/30/2012
EXAMPLE 4: Variance in Combined Permeabiliiy
INPUT PARAMETERS (dx=0.5 in}
Saturated Liquid
Infiltration | Drainage Sand Depth at |Max Head-
Rate Length Combined| Geonet Thickness Lowest on-Liner
(gpad) (ft} Slope k {cm/s} Layer {in} Point (in) {in}
Slope 1 3.000 150 2.50% 0.050 no - - 5.30
E c Slope 2 3,000 150 2.50% 0.050 no - - 10.35
= ,—; Slope 3 3,000 150 2.50% 0.050 no - - 11.73
Ego Slope 4 3,000 150 2.50% 0.184 yes 6.00 - 584
=® Slope 5 3.000 150 2.50% 0.166 yes 7.00 1.0 6.49
OVERALL 11.73
McEnroe 93Method | 3000 | 750 | 250% | 0050 | | | free drain 19.45
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Figure 7. Design Example 4:
Variance in Combined Permeability (using geocomposite)

C:\Users\xzhao\Dropbox\Transfer\Works\Excel Code\Calculations\Head on Liner Cal\Head-on-liner numerical solution final.docx



Page 16 of 17

CALCULATION SHEET Project No.:

Client: Landfill Calculated By: XZ Date: _3/6/2012
Project: Head-on-Liner Calculation Checked By: TY Date: _3/9/2012
Calculation: Head-on-liner calculation using numerical approach Approved By: KF Date: _5/30/2012

EXAMPLE 5: Variance in Slopes, Leachate Infiltration Rates, and Combined Permeability

INPUT PARAMETERS (dx=0.5 in)
Saturated Liquid
Sand Depth at
Infilration | Drainage Combined k| Geonet | Thickness Lowest Max Head-
Rate {gpad) | Length {ft} Slope {cm/s) Layer {in) Point{in) |on-Liner {in}
Slope 1 4,000 150 10.00% 0.020 no - - 403
W Slope 2 4,000 150 10.00% 0.020 no - - 7.39
< 2 Slope 3 3,000 150 25.00% 0.020 no - - 8.48
E % Slope 4 2,000 150 2 50% 0.103 yes 10.00 - 10.15
Z» Slope 5 500 300 2 50% 0.101 yes 10.30 10 1048
OVERALL 1048
McEnroe 93 Method | 4,000 | 900 | 250% [ 0020 ] | [ free drain 64.99
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Figure 8. Design Example 5:
Variance in Slopes, Leachate Infiltration Rates, and Combined Permeability
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CALCULATION SHEET
Client: Landfill

Project No.:

Page 17 of 17

Project: Head-on-Liner Calculation

Calculation: Head-on-liner calculation using numerical approach

Calculated By: XZ
Checked By: TY

Date: _3/6/2012

Date: _3/9/2012

Approved By: KF

Date: _5/30/2012

EXAMPLE 6: No Resisted Trench (free drain condition is not satisfied)

INPUT PARAMETERS (dx=0.5 in)

Saturated Liquid
Sand Depth at
Infilration | Drainage Combined k| Geonet | Thickness Lowest Max Head-
Rate {gpad) | Length {ft} Slope {cm/s) Layer {in) Point{in) |on-Liner {in}
Slope 1 3,000 100 2 00% 0.661 yes 1.00 - 0.96
W Slope 2 3,000 100 2 00% 0.248 yes 3.79 - 394
< 2| Slope3 3,000 100 2 00% 0.120 yes 7.72 - 7.89
E % Slope 4 3,000 100 2 00% 0.095 yes 10.22 - 1039
Z» Slope 5 3,000 100 2 00% 0.078 yes 10.63 9.0 10.74
OVERALL 10.74
McEnroe 93 Method | 3,000 500 | 200% | 0078 | | free drain+superposition|  19.39
130
110 \
211
=
5 70 N\
g e,
g o
8
30 o,
& \
[&]
= 10
8 R
=
o -10
-30
=50
o] 100 200 300 400 500 BOO
Herizantal Distanes from Top of Slap= {ft)
—3Slope5 ——Slope4 ——Slope3 ——Slope2 Slope 1  emm=Floor

Figure 9. Design Example 6:
Free drain condition is not satisfied
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CALCULATION SHEET Project No.: 1218070017
Client: US Ecology — Wayne Disposal Calculated By: LEH Date: 06/01/2021
Project: WDI MC VI-G4 - G7 Liner and Final Cover Grading Modification  Checked By: NSG Date:_10/4/2021
Calculation: Leachate Generation (HELP Model) Analysis Approved By: XZ Date: 10/5/21

L EACHATE GENERATION (HELP MODEL) ANALYSIS

OBJECTIVE
Estimate the leachate generation rate in the proposed cells for MC6G Cells 4 to 7 at Wayne Disposal

Inc. (WDI) using the Hydraulic Evaluation of Landfill Performance (HELP) computer program. Select
the appropriate leachate generation rate for the design of leachate collection and removal system.

DESIGN CRITERIA, ASSUMPTIONS AND METHODOLOGY

In the HELP model analysis, only the open condition was considered since it is expected to be the
highest leachate generation and therefore the most critical period for a leachate collection system from
a flow capacity standpoint. All 4 Cells have 5% floor slopes and 3H:1V sideslopes.

Steeper floor sections lead to additional leachate generation in HELP Model, so the floor section for
all 4 cells was modeled as a 5% slope with a drainage flow length of 390 feet. For the sideslope section,
a slope of 33.33% and a flow length of 135 feet was utilized. A modeling period of 5 years was utilized
for open conditions.

Initial soil moisture contents were set equal to the field capacity for each vertical percolation layer
assuming a steady state condition. For waste, the is conservatively modeled as a loamy fine sand with
athickness of 10 feet. Other soil and geosynthetic properties are generally modeled using HELP default
values.

The hydrologic evaluation was conducted using HELP Model (4.0.1) from USEPA for both data input
and result output.

HELP Model Version 4 Input

1. Synthetically generated climatological data for Belleville, Michigan was used to simulate
the weather conditions at the site. Wind speed and humidity data which are used by HELP
to simulate evapotranspiration were imported from the National Solar Radiation Data Base
for Willow Run Airport, which is adjacent to WDI.

2. The growing season was estimated at approximately 160 days in length
(http://geo.msu.edu/extra/geogmich/growseason&frost.ntml) starting on Day 100 (mid-
April) and ending on day 260 (mid-September).

3. The pinhole density for the geomembrane liner is assumed to be one hole per acre. The
diameter of the hole is assumed as 0.1 cm with a corresponding opening area of
approximately 0.008 cm?. Note that the above assumption was made for conservatism since
pinholes (manufacturing defects) are very unlikely when producing polyethylene (PE)
geomembranes.

4. The installation defect for the geomembrane liner was assumed at a density of one hole per

Z:\Shared\proj\Projects\Commercial\US Ecology\WDI\Permit\2021 Permit Mod\400-Technical\411-
Calcs\HELPModel\A-5.2 Leachate Gen-20211004.docx
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acre. The area of the hole was assumed to be 1.0 cm?.

5. The placement quality for the geomembrane liner was assumed to be “good.” According
to the HELP Model User’s Guide for Version 4, a “good” placement quality assumes “good
field installation with well-prepared, smooth soil surface, and geomembrane wrinkle control
to insure good contact between geomembrane and adjacent soil that limits drainage rate.”

5. A one-acre design area was used for modeling purposes to compute unit quantities.

6. The following system was used to model the leachate generation for the proposed cell floor
and sideslope liner system (from top to bottom):

e 120 inches of waste material — modeled as a custom waste layer based on HELP default
material #5 (loamy fine sand)

12-inch sand protective layer — modeled as a sand with 1x10° cm/s permeability
Geocomposite drainage layer

80-mil HDPE geomembrane

2 layers of Geosynthetic clay liner (GCL) — modeled as a GCL with 2x thickness
60 inches of clayey soil — modeled as HELP default material #25 — clay loam.
Geocomposite drainage layer

80-mil HDPE geomembrane

2 layers of (GCL) — modeled as a GCL with 2x thickness

24-inch compacted soil layer — modeled as HELP default material #14 Silty Clay

6. Open condition inputs:

Bare soil conditions.

Evaporative zone depth = 12 in.

Maximum leaf area index = 0 (recommended by HELP Model for bare ground).
Fraction of area allowing runoff = 0 %.

CALCULATIONS AND RESULTS

Multiple simulations were conducted for cell floor, side slope, and overfill liner conditions by varying
drainage length of the drainage layer for each cell. The output from HELP for each of the analyzed
scenarios is included in Attachments 5.2.1 and 5.2.2. The peak daily leachate generation rates for the
cell floor, side slope and overfill liner under open and intermediate cover conditions were estimated
and presented in the following table.
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Table 1- Leachate Percolation Rate

Scenario Percolation (in/day) | Percolation
(gal/acre/day)

Sideslopes (33.33%) 0.2458 6,674

Floor (5%) 0.2416 6,560

CONCLUSIONS

Results of the HELP analyses are summarized in Table 1. These maximum percolation rates will be
used in the leachate collection pipes and geocomposite drainage layer.
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ATTACHMENT 5.2.1

HELP Model Analysis - Sideslope
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
HELP MODEL VERSION 4.0 BETA (2018)

DEVELOPED BY USEPA NATIONAL RISK MANAGEMENT RESEARCH LABORATORY

Title: Wayne Disposal-Initial Lift-Si... Simulated On:

3/10/2021 12:59

Layer 1

Type 1 - Vertical Percolation Layer (Cover Soil)

Sandy Waste Material

Material Texture Number 83
Thickness =
Porosity =
Field Capacity =
Wilting Point =
Initial Soil Water Content =

Effective Sat. Hyd. Conductivity

Layer 2

Type 1 - Vertical Percolation Layer

Custom Soil 1
Material Texture Number 43
Thickness =
Porosity =
Field Capacity =
Wilting Point =
Initial Soil Water Content =
Effective Sat. Hyd. Conductivity =

Layer 3
Type 2 - Lateral Drainage Layer
Drainage Net (0.5 cm)
Material Texture Number 20
Thickness =
Porosity =
Field Capacity =
Wilting Point =
Initial Soil Water Content =
Effective Sat. Hyd. Conductivity =
Slope =
Drainage Length =

Layer 4

120 inches
0.457 vol/vol
0.131 vol/vol
0.058 vol/vol

0.2206 vol/vol
1.00E-03 cm/sec

12 inches
0.417 vol/vol
0.045 vol/vol
0.018 vol/vol

0.1689 vol/vol
1.00E-03 cm/sec

0.2 inches

0.85 vol/vol

0.01 vol/vol

0.005 vol/vol

0.0115 vol/vol

1.00E+01 cm/sec
33.33333 %
135 ft
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Type 4 - Flexible Membrane Liner
HDPE Membrane
Material Texture Number 35

Thickness = 0.08 inches
Effective Sat. Hyd. Conductivity = 2.00E-13 cm/sec
FML Pinhole Density = 1 Holes/Acre
FML Installation Defects = 1 Holes/Acre
FML Placement Quality = 3 Good
Layer 5
Type 3 - Barrier Soil Liner
Bentonite (High)
Material Texture Number 17

Thickness = 0.5 inches
Porosity = 0.75 vol/vol
Field Capacity = 0.747 vol/vol
Wilting Point = 0.4 vol/vol
Initial Soil Water Content = 0.75 vol/vol

Effective Sat. Hyd. Conductivity

3.00E-09 cm/sec

Layer 6
Type 1 - Vertical Percolation Layer
CL - Clay Loam (Moderate)
Material Texture Number 25

Thickness = 60 inches
Porosity = 0.437 vol/vol
Field Capacity = 0.373 vol/vol
Wilting Point = 0.266 vol/vol

0.373 vol/vol
3.60E-06 cm/sec

Initial Soil Water Content
Effective Sat. Hyd. Conductivity

Layer 7
Type 2 - Lateral Drainage Layer
Drainage Net (0.5 cm)
Material Texture Number 20

Thickness = 0.5 inches
Porosity = 0.85 vol/vol
Field Capacity = 0.01 vol/vol
Wilting Point = 0.005 vol/vol

Initial Soil Water Content
Effective Sat. Hyd. Conductivity 1.00E+01 cm/sec
Slope 33.33333 %
Drainage Length = 135 ft

0.01 vol/vol
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Layer 8
Type 4 - Flexible Membrane Liner
HDPE Membrane
Material Texture Number 35

Thickness = 0.08 inches

Effective Sat. Hyd. Conductivity = 2.00E-13 cm/sec

FML Pinhole Density = 1 Holes/Acre

FML Installation Defects = 1 Holes/Acre

FML Placement Quality = 3 Good
Layer 9

Type 3 - Barrier Soil Liner
Bentonite (High)
Material Texture Number 17

Thickness = 0.5 inches
Porosity = 0.75 vol/vol
Field Capacity = 0.747 vol/vol
Wilting Point = 0.4 vol/vol

Initial Soil Water Content
Effective Sat. Hyd. Conductivity

0.75 vol/vol
3.00E-09 cm/sec

Layer 10
Type 1 - Vertical Percolation Layer
SiC - Silty Clay
Material Texture Number 14
Thickness = 24 inches
Porosity = 0.479 vol/vol
Field Capacity = 0.371 vol/vol
Wilting Point = 0.251 vol/vol
Initial Soil Water Content = 0.3709 vol/vol
Effective Sat. Hyd. Conductivity = 2.50E-05 cm/sec
Note: Initial moisture content of the layers and snow water were

computed as nearly steady-state values by HELP.

General Design and Evaporative Zone Data

SCS Runoff Curve Number = 97.2
Fraction of Area Allowing Runoff = 0%
Area projected on a horizontal plane = 1 acres
Evaporative Zone Depth = 12 inches
Initial Water in Evaporative Zone = 0.696 inches
Upper Limit of Evaporative Storage = 5.484 inches
Lower Limit of Evaporative Storage = 0.696 inches
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Initial Snow Water = 0 inches
Initial Water in Layer Materials 60.544 inches
Total Initial Water 60.544 inches
Total Subsurface Inflow = 0 inches/year

Note: SCS Runoff Curve Number was calculated by HELP.

Evapotranspiration and Weather Data

Station Latitude

42.18 Degrees

Maximum Leaf Area Index = 0
Start of Growing Season (Julian Date) = 100 days
End of Growing Season (Julian Date) = 260 days
Average Wind Speed = 9 mph
Average 1st Quarter Relative Humidity = 72 %
Average 2nd Quarter Relative Humidity = 68 %
Average 3rd Quarter Relative Humidity = 73 %
Average 4th Quarter Relative Humidity = 74 %

Note: Evapotranspiration data was obtained for Belleville, Michigan
Normal Mean Monthly Precipitation (inches)
Jan/Jul  Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

1.538481 1.745211 2.296427 2.857607 4.464435 2.825752
2.250299 3.02094 2.983072 2.062363 2.406094 1.756356

Note: Precipitation was simulated based on HELP V4 weather simulation for:
Lat/Long: 42.18/-83.49

Normal Mean Monthly Temperature (Degrees Fahrenheit)

Jan/Jul Feb/Aug Mar/Sep Apr/Oct May/Nov Jun/Dec

25.6 33.7 47.8 46.5 63.1 73.4
83.7 75.9 66.4 54.7 44.5 44
Note: Temperature was simulated based on HELP V4 weather simulation for:

Lat/Long: 42.18/-83.49
Solar radiation was simulated based on HELP V4 weather simulation for:
Lat/Long: 42.18/-83.49
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Daily Output for Year 1

Column key: Head #1: drainage from Layer 4 Head #2: drainage from Layer 8
Title: Wayne Disposal-Initial Lift-Sideslope Drain #1: drainage from Layer 3 Drain #2: drainage from Layer 7
Simulated On: 3/10/2021 13:00 Leak #1: leakage thru Layer 5 Leak #2: leakage thru Layer 9 Leak #3: leakage thru Layer 10
Evap. Zone
Day Freezing Status* Rain Runoff ET Water Head #1 Drain #1 Leak #1 Head #2 Drain #2 Leak #2 Head #3 Drain #3 Leak #3
Air Soil (inches) (inches) (inches) (in/in) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)
1 0.00 0.000 0.000 0.0580 0.0003 0.0409 6.85E-09 0.0000 0.0000 1.77€E-10 0.0000 0.0000 0.00E+00
2 0.04 0.000 0.006 0.0580 0.0004 0.0467 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
3 0.04 0.000 0.006 0.0580 0.0002 0.0258 6.84E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
4 * 0.34 0.000 0.025 0.0580 0.0003 0.0377 6.85E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
5 0.10 0.000 0.000 0.0580 0.0006 0.0698 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
6 0.02 0.000 0.005 0.0580 0.0004 0.0513 6.19E-09 0.0000 0.0000 1.76E-10 0.0000 0.0000 0.00E+00
7 * 0.00 0.000 0.003 0.0580 0.0009 0.1182 6.93E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
8 0.00 0.000 0.000 0.0580 0.0010 0.1211 6.94E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
9 0.00 0.000 0.000 0.0580 0.0008 0.0979 6.91E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
10 0.00 0.000 0.000 0.0580 0.0006 0.0753 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
11 0.04 0.000 0.006 0.0580 0.0005 0.0676 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
12 0.02 0.000 0.008 0.0580 0.0002 0.0266 6.84E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
13 0.00 0.000 0.000 0.0580 0.0003 0.0347 6.85E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
14 * 0.00 0.000 0.000 0.0580 0.0004 0.0463 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
15 * 0.23 0.000 0.026 0.0580 0.0004 0.0565 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
16 * 0.08 0.000 0.024 0.0580 0.0004 0.0465 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
17 * 0.00 0.000 0.029 0.0580 0.0004 0.0501 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
18 0.00 0.000 0.019 0.0580 0.0005 0.0619 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
19 * 0.00 0.000 0.000 0.0580 0.0004 0.0478 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
20 * 0.00 0.000 0.000 0.0580 0.0007 0.0900 6.90E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
21 * 0.00 0.000 0.000 0.0580 0.0007 0.0909 6.91E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
22 * 0.14 0.000 0.030 0.0580 0.0007 0.0870 6.90E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
23 * 0.86 0.000 0.023 0.0580 0.0005 0.0645 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
24 * 0.05 0.000 0.011 0.0580 0.0004 0.0564 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
25 * 0.00 0.000 0.012 0.0580 0.0004 0.0550 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
26 * * 0.16 0.000 0.005 0.0580 0.0004 0.0512 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
27 * * 0.08 0.000 0.000 0.0580 0.0005 0.0656 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
28 * * 0.00 0.000 0.021 0.0580 0.0005 0.0671 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
29 * * 0.00 0.000 0.019 0.0580 0.0005 0.0641 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
30 * * 0.00 0.000 0.023 0.0580 0.0005 0.0603 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
31 * 0.05 0.000 0.000 0.0621 0.0005 0.0570 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
32 * * 0.00 0.000 0.028 0.0621 0.0004 0.0545 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
33 * 0.00 0.000 0.000 0.1490 0.0004 0.0529 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
34 * * 0.03 0.000 0.031 0.1490 0.0004 0.0521 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
35 * * 0.00 0.000 0.001 0.1490 0.0004 0.0518 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
36 * * 0.10 0.000 0.010 0.1490 0.0004 0.0518 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
37 * * 0.16 0.000 0.000 0.1490 0.0004 0.0520 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

0.00
0.00
0.01
0.14
0.00
0.00
0.19
0.27
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.02
0.10
0.53
0.00
0.07
0.19
0.13
0.01
0.00
0.04
0.00
0.00
1.31
0.00
0.00
0.10
0.01
0.06
0.13
0.05
0.10
0.00
0.05
0.00
0.00
0.75
0.24
0.11
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.012
0.014
0.001
0.001
0.000
0.001
0.001
0.001
0.000
0.000
0.102
0.049
0.000
0.005
0.003
0.084
0.048
0.018
0.008
0.004
0.007
0.000
0.000
0.000
0.085
0.070
0.073
0.102
0.055
0.083
0.095
0.054
0.100
0.086
0.073
0.015
0.008
0.005
0.062
0.026
0.001
0.001
0.001
0.000
0.000

0.1673
0.1673
0.1677
0.1794
0.1794
0.1795
0.1949
0.2172
0.2172
0.2172
0.1777
0.1632
0.1581
0.1544
0.1516
0.1439
0.1455
0.1464
0.1472
0.1480
0.1489
0.1498
0.1506
0.2136
0.1824
0.1662
0.1553
0.2352
0.1810
0.1635
0.1588
0.1523
0.1452
0.1475
0.1449
0.1455
0.1460
0.1460
0.1460
0.1460
0.2081
0.2277
0.2368
0.2368
0.2368

0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0003
0.0003
0.0004
0.0005
0.0005
0.0004
0.0005
0.0005
0.0004
0.0004
0.0003
0.0003
0.0003
0.0001
0.0000
0.0001
0.0002
0.0001
0.0002
0.0002
0.0003
0.0003
0.0003
0.0003
0.0003
0.0002
0.0002
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000

0.0524
0.0526
0.0529
0.0530
0.0530
0.0529
0.0527
0.0524
0.0520
0.0516
0.0544
0.0491
0.0381
0.0400
0.0539
0.0648
0.0638
0.0562
0.0607
0.0574
0.0503
0.0455
0.0392
0.0326
0.0373
0.0151
0.0005
0.0187
0.0223
0.0186
0.0260
0.0301
0.0395
0.0410
0.0404
0.0366
0.0316
0.0278
0.0214
0.0083
0.0001
0.0000
0.0000
0.0000
0.0004

6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.86E-09
6.87E-09
6.86E-09
6.85E-09
6.85E-09
6.87E-09
6.88E-09
6.88E-09
6.87E-09
6.87E-09
6.87E-09
6.86E-09
6.86E-09
6.85E-09
6.84E-09
6.85E-09
3.84E-09
1.70E-09
6.83E-09
6.83E-09
6.83E-09
6.84E-09
6.84E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.84E-09
6.84E-09
6.83E-09
6.81E-09
1.17E-09
0.00E+00
0.00E+00
0.00E+00
1.62E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.73E-10
1.64E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.57E-10
0.00E+00
0.00E+00
0.00E+00
1.63E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

0.00
0.00
0.00
0.00
0.00
0.21
0.06
0.00
0.74
0.11
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.02
0.01
0.10
0.20
0.21
0.00
0.02
0.01
0.19
0.00
0.33
0.00
0.09
0.29
0.00
0.56
0.11
0.30
0.00
0.06
0.05
0.34
0.03
0.08
0.00
0.00
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.000
0.124
0.219
0.237
0.197
0.118
0.049
0.038
0.032
0.028
0.026
0.024
0.031
0.034
0.034
0.069
0.022
0.021
0.020
0.156
0.019
0.165
0.041
0.021
0.052
0.112
0.303
0.308
0.291
0.119
0.050
0.038
0.206
0.032
0.000
0.028
0.025
0.023

0.2368
0.2368
0.2368
0.2368
0.2368
0.2545
0.2593
0.2593
0.2223
0.1793
0.1510
0.1302
0.1196
0.1151
0.1106
0.1072
0.1060
0.1049
0.1028
0.1040
0.1052
0.1064
0.1291
0.1284
0.1272
0.1410
0.1277
0.1521
0.1357
0.1337
0.1315
0.1483
0.1821
0.1417
0.1336
0.1057
0.0995
0.0964
0.1198
0.0995
0.0960
0.0939
0.0902
0.0871
0.0845

0.0001
0.0002
0.0003
0.0004
0.0005
0.0005
0.0005
0.0005
0.0006
0.0003
0.0007
0.0007
0.0007
0.0008
0.0006
0.0005
0.0003
0.0002
0.0001
0.0000
0.0001
0.0002
0.0003
0.0004
0.0005
0.0006
0.0006
0.0007
0.0006
0.0007
0.0006
0.0006
0.0006
0.0008
0.0005
0.0007
0.0008
0.0008
0.0006
0.0007
0.0004
0.0002
0.0004
0.0004
0.0004

0.0113
0.0270
0.0409
0.0519
0.0596
0.0647
0.0677
0.0692
0.0731
0.0431
0.0860
0.0932
0.0877
0.0968
0.0816
0.0611
0.0349
0.0231
0.0131
0.0050
0.0141
0.0261
0.0394
0.0526
0.0594
0.0729
0.0739
0.0853
0.0699
0.0851
0.0780
0.0743
0.0769
0.0960
0.0626
0.0886
0.1018
0.1018
0.0744
0.0856
0.0475
0.0279
0.0487
0.0535
0.0508

6.82E-09
6.84E-09
6.85E-09
6.87E-09
6.87E-09
6.88E-09
6.88E-09
6.88E-09
6.89E-09
6.85E-09
6.90E-09
6.91E-09
6.90E-09
6.91E-09
6.90E-09
6.87E-09
6.85E-09
6.83E-09
6.82E-09
6.81E-09
6.82E-09
6.84E-09
6.85E-09
6.87E-09
6.87E-09
6.89E-09
6.89E-09
6.90E-09
6.88E-09
6.90E-09
6.89E-09
6.89E-09
6.89E-09
6.91E-09
6.88E-09
6.90E-09
6.92E-09
6.92E-09
6.89E-09
6.90E-09
6.86E-09
6.84E-09
6.86E-09
6.87E-09
6.86E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

0.00
0.00
0.00
0.09
0.43
0.63
0.56
0.03
0.06
0.00
0.03
0.00
0.00
0.03
0.20
0.20
0.27
0.20
0.00
0.56
0.48
0.03
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.09
0.00
0.50
0.58
0.33
0.00
0.00
0.69
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.022
0.020
0.019
0.019
0.018
0.126
0.066
0.075
0.105
0.125
0.017
0.006
0.000
0.004
0.015
0.014
0.129
0.070
0.000
0.044
0.074
0.027
0.012
0.014
0.010
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.003
0.000
0.008
0.117
0.145
0.024
0.003
0.046
0.019
0.006

0.0821
0.0799
0.0779
0.0830
0.0970
0.1046
0.1044
0.0858
0.0773
0.0586
0.0592
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0646
0.0645
0.0613
0.0621
0.0600
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0645
0.0646
0.0642
0.0586
0.0580
0.0648
0.0593
0.0580

0.0004
0.0003
0.0002
0.0002
0.0002
0.0002
0.0000
0.0001
0.0004
0.0006
0.0005
0.0006
0.0005
0.0004
0.0002
0.0000
0.0000
0.0004
0.0002
0.0009
0.0001
0.0005
0.0008
0.0008
0.0005
0.0001
0.0000
0.0001
0.0003
0.0006
0.0009
0.0010
0.0011
0.0011
0.0011
0.0010
0.0009
0.0011
0.0009
0.0008
0.0012
0.0011
0.0011
0.0003
0.0006

0.0444
0.0370
0.0301
0.0281
0.0289
0.0209
0.0041
0.0181
0.0514
0.0705
0.0598
0.0812
0.0626
0.0496
0.0287
0.0000
0.0000
0.0504
0.0234
0.1115
0.0181
0.0652
0.1009
0.0957
0.0661
0.0171
0.0003
0.0073
0.0418
0.0815
0.1100
0.1221
0.1380
0.1371
0.1326
0.1287
0.1147
0.1326
0.1078
0.1044
0.1496
0.1376
0.1399
0.0389
0.0780

6.86E-09
6.85E-09
6.84E-09
6.84E-09
6.84E-09
6.30E-09
2.03E-09
5.69E-09
6.86E-09
6.88E-09
6.87E-09
6.90E-09
6.88E-09
6.86E-09
6.84E-09
1.50E-10
0.00E+00
6.78E-09
5.44E-09
6.93E-09
4.76E-09
6.88E-09
6.92E-09
6.91E-09
6.88E-09
6.83E-09
1.39E-09
5.11E-09
6.85E-09
6.90E-09
6.92E-09
6.94E-09
6.95E-09
6.95E-09
6.95E-09
6.94E-09
6.93E-09
6.95E-09
6.92E-09
6.92E-09
6.96E-09
6.95E-09
6.95E-09
6.85E-09
6.89E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.67E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
8.22E-11
0.00E+00
1.77E-10
1.76E-10
1.77E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.61E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

0.06
0.00
0.00
0.22
0.00
0.00
0.08
0.85
0.49
0.00
0.00
0.00
0.27
0.03
0.44
0.07
0.00
0.01
0.00
0.00
0.00
0.04
0.03
0.00
0.00
0.24
0.01
0.00
0.00
0.00
0.00
1.03
0.04
0.07
0.09
0.00
0.00
0.00
0.00
0.82
0.00
0.00
0.00
0.75
0.01

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.025
0.003
0.000
0.018
0.000
0.000
0.003
0.012
0.078
0.025
0.001
0.003
0.024
0.013
0.018
0.023
0.003
0.005
0.000
0.000
0.000
0.004
0.003
0.000
0.000
0.010
0.003
0.000
0.000
0.000
0.000
0.013
0.012
0.014
0.024
0.022
0.002
0.000
0.000
0.016
0.025
0.001
0.000
0.024
0.021

0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0649
0.0645
0.0584
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0651
0.0626
0.0631
0.0631
0.0587
0.0580
0.0580
0.0580
0.0649
0.0584
0.0580
0.0580
0.0648
0.0605

0.0008
0.0005
0.0003
0.0002
0.0000
0.0003
0.0006
0.0004
0.0006
0.0012
0.0013
0.0010
0.0006
0.0001
0.0005
0.0004
0.0013
0.0010
0.0006
0.0004
0.0006
0.0009
0.0011
0.0014
0.0014
0.0013
0.0011
0.0013
0.0011
0.0010
0.0009
0.0009
0.0006
0.0012
0.0012
0.0008
0.0006
0.0005
0.0004
0.0003
0.0001
0.0010
0.0011
0.0008
0.0001

0.1042
0.0650
0.0413
0.0282
0.0008
0.0412
0.0705
0.0463
0.0705
0.1565
0.1695
0.1298
0.0697
0.0092
0.0691
0.0493
0.1686
0.1303
0.0696
0.0541
0.0815
0.1168
0.1425
0.1770
0.1798
0.1610
0.1428
0.1691
0.1445
0.1225
0.1100
0.1080
0.0771
0.1562
0.1456
0.0952
0.0797
0.0663
0.0444
0.0432
0.0188
0.1218
0.1337
0.0980
0.0092

6.92E-09
6.88E-09
6.85E-09
5.33E-09
8.92E-10
6.85E-09
6.88E-09
6.45E-09
5.43E-09
6.97E-09
6.98E-09
6.94E-09
6.88E-09
2.64E-09
6.26E-09
4.15E-09
6.98E-09
6.94E-09
6.88E-09
6.87E-09
6.90E-09
6.93E-09
6.96E-09
6.99E-09
6.99E-09
6.97E-09
6.96E-09
6.98E-09
6.96E-09
6.94E-09
6.92E-09
6.92E-09
6.39E-09
6.97E-09
6.96E-09
6.91E-09
6.89E-09
6.88E-09
6.86E-09
6.86E-09
3.46E-09
6.94E-09
6.95E-09
6.91E-09
2.60E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.75E-10
1.51E-10
1.77E-10
1.77E-10
1.76E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.70E-10
1.76E-10
1.74E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.72E-10
1.77E-10
1.77E-10
1.77E-10
1.70E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

0.06
0.43
0.27
0.00
0.00
0.11
0.02
0.02
0.14
0.02
0.00
0.14
0.17
0.00
0.00
0.00
0.03
0.01
0.00
0.08
0.47
0.17
0.00
0.00
0.01
0.39
0.00
0.17
0.07
0.00
0.00
0.00
0.00
0.04
0.02
0.03
0.60
0.00
0.00
0.07
0.01
0.58
0.00
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.010
0.041
0.050
0.024
0.002
0.012
0.006
0.005
0.004
0.004
0.000
0.003
0.027
0.000
0.000
0.000
0.005
0.004
0.002
0.003
0.012
0.053
0.009
0.014
0.012
0.024
0.000
0.018
0.004
0.000
0.000
0.000
0.000
0.003
0.003
0.003
0.009
0.008
0.005
0.010
0.006
0.033
0.041
0.013
0.011

0.0629
0.0644
0.0641
0.0585
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0645
0.0638
0.0606
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0647
0.0607
0.0597
0.0631
0.0615
0.0624
0.0645
0.0601
0.0580

0.0010
0.0008
0.0001
0.0009
0.0011
0.0006
0.0001
0.0004
0.0007
0.0010
0.0015
0.0013
0.0009
0.0015
0.0016
0.0011
0.0009
0.0007
0.0009
0.0010
0.0009
0.0009
0.0014
0.0014
0.0010
0.0008
0.0001
0.0008
0.0003
0.0007
0.0008
0.0006
0.0004
0.0003
0.0003
0.0006
0.0008
0.0008
0.0014
0.0013
0.0007
0.0006
0.0005
0.0002
0.0009

0.1202
0.1014
0.0144
0.1116
0.1432
0.0784
0.0079
0.0538
0.0838
0.1254
0.1918
0.1621
0.1180
0.1839
0.2031
0.1427
0.1074
0.0873
0.1074
0.1198
0.1104
0.1191
0.1713
0.1712
0.1282
0.1025
0.0146
0.1069
0.0427
0.0857
0.1065
0.0758
0.0491
0.0438
0.0332
0.0764
0.1029
0.0948
0.1765
0.1621
0.0827
0.0735
0.0688
0.0206
0.1150

6.93E-09
6.75E-09
2.98E-09
6.93E-09
6.96E-09
6.89E-09
3.31E-09
6.87E-09
6.90E-09
6.67E-09
7.00E-09
6.98E-09
6.93E-09
7.00E-09
7.01E-09
6.96E-09
6.92E-09
6.90E-09
6.92E-09
6.93E-09
6.92E-09
6.93E-09
6.98E-09
6.98E-09
6.94E-09
6.92E-09
3.23E-09
6.92E-09
5.89E-09
6.90E-09
6.92E-09
6.89E-09
6.86E-09
6.86E-09
6.84E-09
6.89E-09
6.92E-09
6.58E-09
6.99E-09
6.98E-09
6.90E-09
6.89E-09
6.88E-09
3.83E-09
6.93E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.71E-10
1.77E-10
1.77E-10
1.77E-10
1.72E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.72E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.73E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Page 10 of 52



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

0.00
0.00
0.00
0.07
0.21
0.00
0.00
0.28
0.00
0.17
0.02
0.02
0.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.04
0.12
0.51
0.00
0.00
0.01
0.00
0.00
0.13
0.14
0.22
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.19
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.004
0.019
0.055
0.000
0.000
0.016
0.003
0.031
0.017
0.012
0.023
0.000
0.000
0.002
0.000
0.000
0.000
0.002
0.000
0.000
0.003
0.003
0.003
0.008
0.005
0.006
0.008
0.007
0.008
0.013
0.011
0.042
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.013
0.000
0.000

0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0646
0.0611
0.0599
0.0602
0.0591
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580

0.0009
0.0007
0.0005
0.0004
0.0002
0.0004
0.0010
0.0010
0.0005
0.0011
0.0005
0.0010
0.0009
0.0002
0.0008
0.0008
0.0006
0.0004
0.0004
0.0004
0.0005
0.0006
0.0007
0.0006
0.0007
0.0008
0.0007
0.0012
0.0011
0.0009
0.0006
0.0006
0.0002
0.0001
0.0002
0.0007
0.0009
0.0007
0.0005
0.0004
0.0003
0.0003
0.0003
0.0003
0.0005

0.1173
0.0890
0.0588
0.0490
0.0242
0.0531
0.1264
0.1242
0.0674
0.1433
0.0624
0.1228
0.1163
0.0286
0.1060
0.0991
0.0746
0.0553
0.0468
0.0490
0.0585
0.0704
0.0841
0.0784
0.0902
0.1050
0.0939
0.1459
0.1410
0.1152
0.0806
0.0742
0.0273
0.0103
0.0225
0.0937
0.1092
0.0900
0.0683
0.0512
0.0405
0.0367
0.0396
0.0360
0.0647

6.93E-09
6.90E-09
6.87E-09
6.86E-09
6.83E-09
5.45E-09
6.94E-09
6.94E-09
5.93E-09
6.96E-09
6.17E-09
6.94E-09
6.93E-09
4.63E-09
6.92E-09
6.91E-09
6.89E-09
6.87E-09
6.86E-09
6.86E-09
6.87E-09
6.88E-09
6.90E-09
6.89E-09
6.90E-09
6.92E-09
6.91E-09
6.96E-09
6.96E-09
6.93E-09
6.90E-09
6.89E-09
6.84E-09
5.36E-09
4.24E-09
6.91E-09
6.92E-09
6.90E-09
6.88E-09
6.86E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.88E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.74E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

0.18
0.07
0.00
0.00
0.45
0.80
0.00
0.00
0.33
0.00
0.40
0.00
0.08
0.00
0.00
0.06
0.00
0.07
0.14
0.05
0.00
0.00
0.01
0.18
0.00
1.21
0.00
0.00
0.03
0.00
0.00
0.00
0.72
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.20
0.02
0.07
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.022
0.012
0.023
0.000
0.011
0.022
0.005
0.005
0.029
0.004
0.019
0.003
0.020
0.044
0.004
0.008
0.003
0.004
0.029
0.052
0.004
0.006
0.009
0.036
0.006
0.044
0.008
0.008
0.007
0.006
0.009
0.002
0.047
0.004
0.007
0.006
0.005
0.007
0.002
0.000
0.000
0.016
0.004
0.027
0.027

0.0580
0.0580
0.0580
0.0580
0.0645
0.0649
0.0610
0.0600
0.0642
0.0611
0.0644
0.0615
0.0624
0.0613
0.0605
0.0629
0.0612
0.0632
0.0624
0.0633
0.0611
0.0600
0.0601
0.0638
0.0609
0.0652
0.0607
0.0594
0.0611
0.0601
0.0586
0.0580
0.0648
0.0624
0.0622
0.0607
0.0598
0.0586
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580

0.0006
0.0005
0.0005
0.0004
0.0008
0.0004
0.0006
0.0008
0.0010
0.0003
0.0008
0.0002
0.0006
0.0007
0.0005
0.0003
0.0000
0.0001
0.0001
0.0005
0.0005
0.0010
0.0010
0.0010
0.0006
0.0008
0.0007
0.0011
0.0011
0.0008
0.0004
0.0002
0.0003
0.0002
0.0011
0.0010
0.0007
0.0005
0.0004
0.0005
0.0007
0.0009
0.0008
0.0012
0.0011

0.0751
0.0621
0.0667
0.0466
0.1059
0.0516
0.0708
0.0988
0.1273
0.0391
0.0977
0.0203
0.0741
0.0868
0.0608
0.0406
0.0042
0.0165
0.0082
0.0676
0.0686
0.1289
0.1253
0.1220
0.0709
0.0960
0.0865
0.1374
0.1441
0.1027
0.0519
0.0197
0.0343
0.0279
0.1427
0.1279
0.0865
0.0589
0.0511
0.0689
0.0902
0.1071
0.1070
0.1470
0.1342

6.89E-09
6.88E-09
6.88E-09
6.67E-09
6.92E-09
6.41E-09
6.88E-09
6.91E-09
6.94E-09
6.85E-09
6.91E-09
5.88E-09
6.89E-09
6.90E-09
6.87E-09
6.85E-09
1.34E-09
4.80E-09
3.65E-09
6.88E-09
6.88E-09
6.94E-09
6.94E-09
6.94E-09
6.88E-09
6.54E-09
6.90E-09
6.95E-09
6.96E-09
6.92E-09
6.86E-09
6.83E-09
6.85E-09
3.95E-09
6.96E-09
6.94E-09
6.90E-09
6.87E-09
6.86E-09
6.88E-09
6.90E-09
6.92E-09
6.92E-09
6.96E-09
6.95E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.60E-10
1.75E-10
1.73E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.73E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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353
354
355
356
357
358
359
360
361
362
363
364
365

* = Frozen (air or soil)

0.02 0.000 0.006 0.0580 0.0010 0.1312 6.95E-09 0.0000
0.05 0.000 0.005 0.0580 0.0009 0.1135 6.93E-09 0.0000
0.06 0.000 0.005 0.0580 0.0008 0.0957 6.91E-09 0.0000
0.06 0.000 0.005 0.0580 0.0008 0.1063 6.92E-09 0.0000
0.06 0.000 0.006 0.0580 0.0009 0.1162 6.93E-09 0.0000
0.22 0.000 0.036 0.0580 0.0010 0.1275 6.94E-09 0.0000
0.15 0.000 0.009 0.0580 0.0008 0.0965 6.91E-09 0.0000
0.00 0.000 0.000 0.0580 0.0010 0.1213 6.94E-09 0.0000
0.00 0.000 0.000 0.0580 0.0012 0.1467 6.96E-09 0.0000
* 0.00 0.000 0.004 0.0580 0.0010 0.1280 6.94E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0008 0.0964 6.91E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0006 0.0703 6.88E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0004 0.0517 6.86E-09 0.0000
Annual Totals for Year 1
inches cubic feet percent
Precipitation 35.38 128,415.6 100.00
Runoff 0.000 0.0000 0.00
Evapotranspiration 8.395 30,473.1 23.73
Drainage Collected from Layer 3 26.9861 97,959.4 76.28
Percolation/Leakage through Layer 5 0.000002 0.0086 0.00
Average Head on Top of Layer 4 0.0006 --- ---
Drainage Collected from Layer 7 0.0000 0.0084 0.00
Percolation/Leakage through Layer 9 0.000000 0.0002 0.00
Average Head on Top of Layer 8 0.0000 - -
Percolation/Leakage through Layer 10 0.000000 0.0000 0.00
Change in Water Storage -0.0047 -17.0 -0.01
Soil Water at Start of Year 60.5438 219,774.0 171.14
Soil Water at End of Year 60.5391 219,757.0 171.13
Snow Water at Start of Year 0.0000 0.0000 0.00
Snow Water at End of Year 0.0000 0.0000 0.00
Annual Water Budget Balance 0.0000 0.0000 0.00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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Daily Output for Year 2

Column key: Head #1: drainage from Layer 4 Head #2: drainage from Layer 8
Title: Wayne Disposal-Initial Lift-Sideslope Drain #1: drainage from Layer 3 Drain #2: drainage from Layer 7
Simulated On: 3/10/2021 13:00 Leak #1: leakage thru Layer 5 Leak #2: leakage thru Layer 9 Leak #3: leakage thru Layer 10
Evap. Zone
Day Freezing Status* Rain Runoff ET Water Head #1 Drain #1 Leak #1 Head #2 Drain #2 Leak #2 Head #3 Drain #3 Leak #3
Air Soil (inches) (inches) (inches) (in/in) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches) (inches)
1 * 0.12 0.000 0.008 0.0580 0.0004 0.0463 6.86E-09 0.0000 0.0000 1.77€E-10 0.0000 0.0000 0.00E+00
2 * 0.00 0.000 0.005 0.0580 0.0002 0.0301 6.84E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
3 * 0.00 0.000 0.006 0.0580 0.0003 0.0349 6.85E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
4 * 0.07 0.000 0.008 0.0580 0.0004 0.0487 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
5 * 0.00 0.000 0.005 0.0580 0.0005 0.0630 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
6 * 0.05 0.000 0.007 0.0580 0.0006 0.0736 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
7 * 0.00 0.000 0.005 0.0580 0.0006 0.0800 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
8 * * 0.00 0.000 0.003 0.0580 0.0006 0.0797 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
9 * * 0.30 0.000 0.004 0.0580 0.0007 0.0914 6.91E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
10 * * 0.00 0.000 0.017 0.0580 0.0007 0.0878 6.90E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
11 * * 0.00 0.000 0.023 0.0580 0.0006 0.0812 6.90E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
12 * * 0.38 0.000 0.021 0.0580 0.0006 0.0753 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
13 * 0.07 0.000 0.000 0.1072 0.0006 0.0709 6.89E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
14 * 0.00 0.000 0.018 0.1190 0.0005 0.0679 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
15 * 0.00 0.000 0.000 0.1190 0.0005 0.0661 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
16 * 0.00 0.000 0.000 0.1190 0.0005 0.0651 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
17 * 0.00 0.000 0.000 0.1190 0.0005 0.0645 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
18 * * 0.00 0.000 0.000 0.1190 0.0005 0.0642 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
19 * * 0.00 0.000 0.000 0.1190 0.0005 0.0640 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
20 * * 0.01 0.000 0.006 0.1190 0.0005 0.0638 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
21 * 0.00 0.000 0.000 0.1190 0.0005 0.0636 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
22 * 0.00 0.000 0.000 0.1190 0.0005 0.0632 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
23 * 0.00 0.000 0.000 0.1190 0.0005 0.0627 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
24 * * 0.11 0.000 0.017 0.1190 0.0005 0.0621 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
25 * * 0.00 0.000 0.011 0.1190 0.0005 0.0615 6.88E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
26 * * 0.00 0.000 0.005 0.1190 0.0005 0.0608 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
27 * * 0.00 0.000 0.007 0.1190 0.0005 0.0600 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
28 * * 0.02 0.000 0.000 0.1190 0.0005 0.0592 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
29 * * 0.00 0.000 0.016 0.1190 0.0005 0.0584 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
30 * * 0.00 0.000 0.006 0.1190 0.0005 0.0575 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
31 * * 0.00 0.000 0.025 0.1190 0.0004 0.0566 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
32 * * 0.00 0.000 0.039 0.1190 0.0004 0.0557 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
33 * 0.00 0.000 0.007 0.1190 0.0004 0.0549 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
34 * * 0.00 0.000 0.000 0.1190 0.0004 0.0540 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
35 * 0.00 0.000 0.000 0.1190 0.0004 0.0531 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
36 * * 0.64 0.000 0.030 0.1190 0.0004 0.0522 6.87E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
37 * * 0.00 0.000 0.013 0.1190 0.0004 0.0514 6.86E-09 0.0000 0.0000 1.77E-10 0.0000 0.0000 0.00E+00
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

0.00
0.00
0.00
0.01
0.02
0.00
0.00
0.00
0.00
0.00
0.16
0.12
0.08
0.03
0.02
0.00
0.00
0.00
0.00
0.00
0.01
0.23
0.02
0.20
0.00
0.03
0.05
0.03
0.21
0.07
0.42
0.27
0.00
0.00
0.00
0.00
0.00
0.14
0.01
0.45
0.33
0.00
0.01
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.022
0.000
0.000
0.007
0.019
0.003
0.000
0.000
0.000
0.001
0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.012
0.001
0.001
0.001
0.000
0.001
0.051
0.017
0.015
0.011
0.016
0.016
0.024
0.000
0.000
0.000
0.000
0.034
0.119
0.001
0.001
0.000
0.010
0.000
0.000

0.1190
0.1665
0.1665
0.1665
0.1665
0.1665
0.1665
0.1665
0.1665
0.1665
0.1799
0.1899
0.1967
0.1988
0.2001
0.2001
0.2001
0.2001
0.2001
0.2001
0.2001
0.2196
0.2210
0.2376
0.2376
0.2403
0.2403
0.2403
0.2403
0.2633
0.2633
0.2633
0.2633
0.3163
0.3163
0.3163
0.3163
0.3163
0.3165
0.3540
0.3810
0.3810
0.3810
0.3810
0.3810

0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002

0.0505
0.0497
0.0489
0.0481
0.0473
0.0466
0.0458
0.0451
0.0444
0.0437
0.0430
0.0424
0.0417
0.0411
0.0405
0.0399
0.0393
0.0387
0.0382
0.0376
0.0371
0.0366
0.0361
0.0356
0.0351
0.0346
0.0342
0.0337
0.0333
0.0329
0.0324
0.0320
0.0316
0.0312
0.0308
0.0305
0.0301
0.0297
0.0294
0.0290
0.0287
0.0284
0.0281
0.0277
0.0274

6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.86E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.85E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

0.00
0.00
0.06
0.68
0.02
0.00
0.11
0.06
0.38
0.03
0.05
0.27
0.00
0.72
0.10
0.07
0.04
0.10
0.00
0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.00
0.00
0.00
0.00
0.00
0.08
0.00
0.39
0.06
0.83
0.00
0.36
0.15

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.001
0.016
0.029
0.018
0.000
0.032
0.012
0.000
0.000
0.018
0.045
0.027
0.000
0.001
0.001
0.001
0.000
0.000
0.000
0.001
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.221
0.122
0.237
0.130
0.054
0.042
0.035
0.032
0.260
0.029
0.212
0.170
0.191

0.3810
0.3810
0.3860
0.3860
0.3860
0.3860
0.4487
0.4487
0.4487
0.4487
0.4487
0.4487
0.4487
0.4487
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.4570
0.2440
0.2181
0.1904
0.1746
0.1678
0.1691
0.1638
0.1915
0.1724
0.2380
0.2115
0.2140
0.2021

0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0001
0.0001
0.0002
0.0002
0.0002
0.0002
0.0003
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0000
0.0000
0.0001
0.0001
0.0001
0.0002
0.0002
0.0002
0.0002
0.0001
0.0001
0.0001
0.0000

0.0271
0.0268
0.0265
0.0262
0.0260
0.0257
0.0254
0.0251
0.0249
0.0246
0.0244
0.0241
0.0239
0.0237
0.0248
0.0095
0.0183
0.0239
0.0272
0.0288
0.0293
0.0440
0.0205
0.0219
0.0228
0.0242
0.0276
0.0286
0.0279
0.0263
0.0242
0.0222
0.0024
0.0031
0.0065
0.0091
0.0139
0.0256
0.0229
0.0208
0.0189
0.0174
0.0140
0.0098
0.0000

6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.83E-09
6.83E-09
6.83E-09
6.83E-09
6.83E-09
6.84E-09
6.82E-09
6.83E-09
6.83E-09
6.84E-09
6.84E-09
6.84E-09
6.86E-09
6.83E-09
6.83E-09
6.83E-09
6.83E-09
6.84E-09
6.84E-09
6.84E-09
6.84E-09
6.83E-09
6.83E-09
2.87E-09
6.81E-09
6.81E-09
6.82E-09
6.82E-09
6.84E-09
6.83E-09
6.83E-09
6.83E-09
6.83E-09
6.82E-09
4.97E-09
0.00E+00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.71E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.75E-10
0.00E+00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

0.09
0.02
0.18
0.36
0.00
0.00
0.00
0.47
0.10
0.15
0.06
0.21
0.05
0.15
0.01
0.06
0.02
0.14
0.07
0.00
0.11
0.15
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.18
0.03
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.63
0.21
0.06
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.282
0.220
0.133
0.186
0.294
0.126
0.054
0.042
0.335
0.036
0.153
0.032
0.106
0.081
0.084
0.103
0.093
0.055
0.042
0.035
0.032
0.288
0.029
0.125
0.002
0.002
0.001
0.000
0.000
0.009
0.003
0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.007
0.142
0.014
0.014
0.010

0.1812
0.1608
0.1620
0.1756
0.1494
0.1374
0.1237
0.1547
0.1313
0.1297
0.1111
0.1197
0.1131
0.1143
0.1071
0.0990
0.0865
0.0931
0.0916
0.0845
0.0899
0.0669
0.0778
0.0591
0.0587
0.0584
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0647
0.0638
0.0629
0.0599
0.0580

0.0000
0.0000
0.0000
0.0001
0.0003
0.0002
0.0002
0.0000
0.0002
0.0005
0.0004
0.0004
0.0009
0.0008
0.0006
0.0007
0.0004
0.0001
0.0005
0.0004
0.0003
0.0007
0.0002
0.0006
0.0006
0.0007
0.0006
0.0005
0.0004
0.0005
0.0002
0.0004
0.0007
0.0006
0.0006
0.0006
0.0005
0.0005
0.0005
0.0005
0.0006
0.0003
0.0007
0.0008
0.0008

0.0000
0.0000
0.0045
0.0106
0.0345
0.0256
0.0260
0.0003
0.0206
0.0576
0.0487
0.0498
0.1102
0.1008
0.0750
0.0891
0.0484
0.0148
0.0669
0.0472
0.0345
0.0861
0.0279
0.0758
0.0762
0.0880
0.0749
0.0619
0.0528
0.0574
0.0249
0.0548
0.0830
0.0797
0.0755
0.0702
0.0667
0.0653
0.0656
0.0669
0.0736
0.0406
0.0923
0.1007
0.1019

0.00E+00
2.35E-10
6.36E-09
6.82E-09
6.85E-09
6.84E-09
6.56E-09
4.05E-10
5.00E-09
6.87E-09
6.72E-09
6.86E-09
6.92E-09
6.92E-09
6.89E-09
6.90E-09
6.86E-09
5.06E-09
6.88E-09
6.86E-09
6.85E-09
6.90E-09
4.90E-09
6.47E-09
6.89E-09
6.90E-09
6.89E-09
6.88E-09
6.87E-09
6.87E-09
6.75E-09
6.87E-09
6.90E-09
6.89E-09
6.89E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.89E-09
6.17E-09
6.91E-09
6.92E-09
6.92E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
1.02E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.25E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.75E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.77
1.02
0.00
0.03
0.10
0.59
0.00
0.01
0.21
0.04
0.22
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.007
0.110
0.021
0.017
0.024
0.056
0.024
0.010
0.056
0.032
0.024
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0649
0.0650
0.0590
0.0600
0.0632
0.0647
0.0585
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580

0.0007
0.0006
0.0005
0.0003
0.0002
0.0002
0.0002
0.0002
0.0002
0.0004
0.0003
0.0005
0.0005
0.0006
0.0006
0.0005
0.0005
0.0005
0.0005
0.0005
0.0003
0.0005
0.0007
0.0008
0.0007
0.0001
0.0004
0.0007
0.0002
0.0006
0.0000
0.0005
0.0005
0.0003
0.0002
0.0001
0.0002
0.0003
0.0005
0.0007
0.0008
0.0008
0.0008
0.0008
0.0008

0.0870
0.0739
0.0570
0.0415
0.0295
0.0224
0.0207
0.0240
0.0307
0.0449
0.0316
0.0584
0.0683
0.0704
0.0697
0.0683
0.0669
0.0657
0.0649
0.0686
0.0400
0.0603
0.0849
0.1061
0.0895
0.0165
0.0472
0.0902
0.0212
0.0773
0.0055
0.0590
0.0624
0.0407
0.0200
0.0125
0.0214
0.0417
0.0645
0.0831
0.0954
0.1022
0.1052
0.1057
0.1048

6.90E-09
6.89E-09
6.87E-09
6.85E-09
6.84E-09
6.83E-09
6.83E-09
6.83E-09
6.84E-09
6.86E-09
6.84E-09
6.87E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.56E-09
6.87E-09
6.90E-09
6.92E-09
6.90E-09
6.03E-09
6.86E-09
6.90E-09
5.84E-09
6.89E-09
2.28E-09
6.87E-09
6.88E-09
6.85E-09
6.83E-09
6.82E-09
6.83E-09
6.85E-09
6.88E-09
6.90E-09
6.91E-09
6.92E-09
6.92E-09
6.92E-09
6.92E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.68E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

0.00
0.00
0.14
0.00
0.00
0.00
0.00
0.01
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.22
0.00
0.00
0.00
0.00
0.00
0.37
0.11
0.02
0.00
0.00
1.08
0.03
0.00
0.05
0.00
0.00
0.00
0.00
0.03
0.30

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.003
0.000
0.000
0.000
0.000
0.002
0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.002
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.006
0.000
0.000
0.000
0.000
0.000
0.005
0.014
0.020
0.000
0.000
0.029
0.014
0.017
0.009
0.007
0.010
0.005
0.000
0.005
0.016

0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0651
0.0623
0.0591
0.0626
0.0606
0.0590
0.0580
0.0580
0.0580
0.0580

0.0008
0.0008
0.0008
0.0007
0.0008
0.0008
0.0007
0.0007
0.0006
0.0007
0.0005
0.0006
0.0006
0.0006
0.0006
0.0005
0.0006
0.0005
0.0004
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0003
0.0004
0.0005
0.0005
0.0004
0.0005
0.0003
0.0001
0.0003
0.0004
0.0006
0.0002
0.0003
0.0003
0.0004
0.0004
0.0004
0.0003
0.0003
0.0002

0.1032
0.1011
0.1007
0.0869
0.1003
0.0980
0.0920
0.0870
0.0793
0.0819
0.0657
0.0743
0.0755
0.0739
0.0714
0.0689
0.0704
0.0608
0.0515
0.0657
0.0683
0.0663
0.0629
0.0593
0.0617
0.0367
0.0544
0.0587
0.0571
0.0534
0.0589
0.0374
0.0135
0.0395
0.0527
0.0780
0.0276
0.0376
0.0420
0.0515
0.0559
0.0470
0.0409
0.0349
0.0303

6.92E-09
6.92E-09
6.92E-09
6.90E-09
6.92E-09
6.91E-09
6.91E-09
6.90E-09
6.89E-09
6.90E-09
6.88E-09
6.89E-09
6.89E-09
6.89E-09
6.89E-09
6.88E-09
6.88E-09
6.87E-09
6.86E-09
6.88E-09
6.88E-09
6.88E-09
6.88E-09
6.87E-09
6.88E-09
6.85E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.87E-09
6.85E-09
6.01E-09
6.85E-09
6.87E-09
6.89E-09
6.84E-09
6.85E-09
6.85E-09
6.86E-09
6.87E-09
6.86E-09
6.85E-09
6.85E-09
6.84E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

0.03
0.00
0.00
0.00
0.00
0.42
0.07
0.00
0.00
0.00
0.38
0.00
0.00
0.29
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.13
0.00
0.00
0.16
0.00
0.00
0.00
0.00
0.55
0.00
0.00
0.02
0.28
0.00
0.00
0.00
0.12
0.00
0.03
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.005
0.000
0.000
0.000
0.000
0.016
0.009
0.003
0.002
0.002
0.011
0.007
0.013
0.026
0.008
0.011
0.004
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.003
0.000
0.005
0.000
0.000
0.000
0.000
0.008
0.005
0.006
0.008
0.038
0.006
0.014
0.004
0.008
0.000
0.005
0.000

0.0580
0.0580
0.0580
0.0580
0.0580
0.0644
0.0631
0.0612
0.0607
0.0603
0.0643
0.0608
0.0586
0.0642
0.0607
0.0589
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0646
0.0610
0.0599
0.0606
0.0641
0.0609
0.0589
0.0580
0.0580
0.0580
0.0580
0.0580

0.0000
0.0000
0.0002
0.0003
0.0002
0.0003
0.0000
0.0000
0.0002
0.0004
0.0004
0.0000
0.0002
0.0005
0.0001
0.0003
0.0004
0.0004
0.0003
0.0002
0.0001
0.0001
0.0001
0.0002
0.0003
0.0004
0.0004
0.0006
0.0007
0.0005
0.0007
0.0007
0.0007
0.0007
0.0003
0.0006
0.0008
0.0008
0.0002
0.0005
0.0005
0.0006
0.0001
0.0004
0.0002

0.0002
0.0019
0.0229
0.0316
0.0288
0.0363
0.0018
0.0011
0.0280
0.0466
0.0565
0.0025
0.0251
0.0628
0.0072
0.0425
0.0561
0.0524
0.0407
0.0261
0.0149
0.0106
0.0145
0.0247
0.0382
0.0562
0.0470
0.0790
0.0923
0.0630
0.0925
0.0911
0.0827
0.0830
0.0315
0.0802
0.0967
0.1041
0.0271
0.0607
0.0652
0.0755
0.0131
0.0519
0.0294

2.81E-10
2.07E-09
6.83E-09
6.84E-09
6.84E-09
6.85E-09
7.13E-10
1.14E-09
6.84E-09
6.86E-09
6.87E-09
6.03E-10
6.71E-09
6.88E-09
3.71E-09
6.85E-09
6.87E-09
6.87E-09
6.85E-09
6.84E-09
6.82E-09
6.82E-09
6.82E-09
6.83E-09
6.85E-09
6.87E-09
6.86E-09
6.89E-09
6.91E-09
6.88E-09
6.91E-09
6.91E-09
6.90E-09
6.90E-09
6.07E-09
6.89E-09
6.91E-09
6.92E-09
6.84E-09
6.87E-09
6.88E-09
6.89E-09
4.93E-09
6.87E-09
6.84E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.10E-10
1.67E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.45E-10
1.56E-10
1.77E-10
1.77E-10
1.77E-10
1.39E-10
1.77E-10
1.77E-10
1.73E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.75E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.24
0.18
0.03
0.43
0.22
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.34
0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.06
0.11
0.00
0.01
0.21
0.05
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.020
0.005
0.033
0.011
0.000
0.003
0.003
0.005
0.004
0.000
0.004
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.004
0.014
0.010
0.000
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.000
0.000
0.003
0.003
0.000
0.003
0.010
0.006
0.000

0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0647
0.0612
0.0605
0.0597
0.0590
0.0590
0.0583
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580
0.0580

0.0003
0.0003
0.0003
0.0003
0.0002
0.0003
0.0003
0.0004
0.0003
0.0002
0.0007
0.0008
0.0003
0.0005
0.0007
0.0007
0.0006
0.0005
0.0003
0.0002
0.0002
0.0001
0.0002
0.0002
0.0003
0.0004
0.0004
0.0004
0.0004
0.0009
0.0009
0.0007
0.0006
0.0005
0.0004
0.0003
0.0003
0.0003
0.0004
0.0003
0.0002
0.0005
0.0006
0.0004
0.0004

0.0399
0.0390
0.0350
0.0319
0.0313
0.0335
0.0380
0.0491
0.0430
0.0286
0.0928
0.1011
0.0319
0.0692
0.0860
0.0883
0.0718
0.0578
0.0369
0.0264
0.0197
0.0182
0.0217
0.0291
0.0384
0.0527
0.0483
0.0550
0.0458
0.1074
0.1111
0.0934
0.0752
0.0603
0.0502
0.0399
0.0377
0.0377
0.0470
0.0349
0.0247
0.0601
0.0774
0.0459
0.0524

6.85E-09
6.85E-09
6.85E-09
6.84E-09
6.84E-09
6.84E-09
6.85E-09
6.86E-09
6.86E-09
5.14E-09
6.91E-09
6.92E-09
6.74E-09
6.88E-09
6.90E-09
6.90E-09
6.89E-09
6.87E-09
6.85E-09
6.84E-09
6.83E-09
6.83E-09
6.83E-09
6.84E-09
6.85E-09
6.87E-09
6.86E-09
6.87E-09
6.26E-09
6.92E-09
6.93E-09
6.91E-09
6.89E-09
6.87E-09
6.86E-09
6.85E-09
6.85E-09
6.85E-09
6.86E-09
6.85E-09
6.43E-09
6.87E-09
6.89E-09
6.86E-09
6.87E-09

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.75E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.76E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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353
354
355
356
357
358
359
360
361
362
363
364
365

* = Frozen (air or soil)

0.00 0.000 0.000 0.0580 0.0006 0.0807 6.90E-09 0.0000
0.00 0.000 0.000 0.0580 0.0006 0.0791 6.89E-09 0.0000
0.02 0.000 0.005 0.0580 0.0006 0.0736 6.89E-09 0.0000
0.02 0.000 0.004 0.0580 0.0005 0.0577 6.87E-09 0.0000
0.05 0.000 0.004 0.0580 0.0004 0.0558 6.87E-09 0.0000
0.00 0.000 0.002 0.0580 0.0001 0.0180 6.83E-09 0.0000
0.13 0.000 0.003 0.0580 0.0004 0.0531 6.87E-09 0.0000
0.03 0.000 0.003 0.0580 0.0002 0.0239 6.83E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0003 0.0317 6.84E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0005 0.0569 6.87E-09 0.0000
* 0.01 0.000 0.010 0.0580 0.0005 0.0611 6.87E-09 0.0000
* 0.00 0.000 0.000 0.0580 0.0005 0.0576 6.87E-09 0.0000
* 0.10 0.000 0.024 0.0580 0.0005 0.0600 6.87E-09 0.0000
Annual Totals for Year 2
inches cubic feet percent
Precipitation 23.58 85,610.0 100.00
Runoff 0.000 0.0000 0.00
Evapotranspiration 6.793 24,658.8 28.80
Drainage Collected from Layer 3 17.9510 65,162.2 76.12
Percolation/Leakage through Layer 5 0.000002 0.0088 0.00
Average Head on Top of Layer 4 0.0004 --- ---
Drainage Collected from Layer 7 0.0000 0.0085 0.00
Percolation/Leakage through Layer 9 0.000000 0.0002 0.00
Average Head on Top of Layer 8 0.0000 - -
Percolation/Leakage through Layer 10 0.000000 0.0000 0.00
Change in Water Storage -1.1600 -4,211.0 -4.92
Soil Water at Start of Year 60.5391 219,757.0 256.70
Soil Water at End of Year 59.3276 215,359.3 251.56
Snow Water at Start of Year 0.0000 0.0000 0.00
Snow Water at End of Year 0.0514 186.8 0.22
Annual Water Budget Balance 0.0000 0.0000 0.00

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10
1.77E-10

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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Daily Output for Year 3

Column key: Head #1: drainage from Layer 4 Head #2: drainage from Layer 8
Title: Wayne Disposal-Initial L