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The interior waste slope stability analysis is presented in Appendix C.3. 

4.3.2.4 Stability of Final Filled Configuration 

The final filled configuration was considered across cells WD-11, WD-12, and WD-13, up to a maximum 
cover elevation of 740 feet.  The configuration was analyzed using appropriate shear strength parameters 
and worst-case geometry.  The results, based on analyses performed using SLIDE and included in 
Appendix C.4, indicate that the final waste slopes will be stable with a minimum factor of safety of 1.58. 

4.3.2.5 Stability of Final Cover System 

A stability analysis of the final cover liner system was performed using methods outlined by Soong and 
Koerner (1996) to estimate the potential for sliding to occur following closure of the landfill cells.  A 
worst-case section, consisting of a 710-foot long, 25-percent slope was analyzed.  Based on a review of 
the literature and unpublished data on similar materials under similar loading conditions, the critical 
interface shear strength within the final cover liner system was estimated to be 21º. 

The analyses (included in Appendix C.5) indicate that, provided the geocomposite drainage layer is 
adequate to convey drainage without building up pore water pressures in the geocomposite, the factor of 
safety against sliding will be approximately 1.6. 

Additional analyses (included in Appendix D) were performed to determine the geocomposite drainage 
layer transmissivity required to adequately convey surface water infiltration over the maximum final 
cover slope length.  If the minimum measured transmissivity value reported in Appendix D is not met, the 
maximum flow length must be reduced (i.e., the geocomposite drainage layer must be “daylighted”) in 
direct proportion to the ratio of the actual measured transmissivity and the required measured 
transmissivity.  A detail depicting “daylighting” is included on Figure ATT7-2 in Attachment 7, the 
Closure Plan. 

A stability analysis of the water balance final cover was also performed using the limit equilibrium 
analysis.  The section analyzed consists of a 710-foot long, 25-percent slope, consistent with the section 
analyzed for the composite final cover system.  Material parameters were selected based on review of 
literature and site data, which are also consistent with other slope stability analyses in Appendix C.  The 
analysis (included in Appendix C.5A) indicate that the factor of safety against sliding will be 
approximately 2.64.1. 

 

 

 





1.0  OBJECTIVE

To investigate the veneer slope stability of the water balance alternative 

2.0  GIVEN

Final cover slopes are as follows:

3.0  ASSUMPTIONS

1-ft erosion layer with the top 6 inches vegetative cover

4-ft storage layer (Kas-built  < 1.00*10-7 cm/sec - worst case, i.e. thickest final cover)

Subgrade

(degree) c (psf) Moist Saturated

0 1000 119 132

0 750 N/A N/A

FINAL COVER STABILITY - WATER BALANCE ALTERNATIVE FINAL 
COVER

Future final cover area: 4H:1V (S = 25%) with a maximum length of slope 
conservatively assumed to be 710 ft.

Based on the "EPA Guide to Technical Resources for the Design of Land 
Disposal Facilities", the recommend factor of safety for the final cover slope 
is selected to be 1.5 at minimum.

Part III, Attachment 3, Text 
Section 4.2.3, Tables 3.3 

and 3.4

Soil source for the water balance final cover will be on-site clay soil materials. 

A worst-case, i.e. a thickest final cover profile is used for the slope stability analysis for conservative 
purposes:

final cover system.

Based on a review of  available data, the following parameters were assigned to the materials.

Notes:

Interface Between Final Cover Soil & Subgrade

Final Cover Soil

Material

Strength Parameters Unit Weight (pcf)

Reference 

1. The shear strength of the final cover soil is estimated based on the on-site soil shear strength (Strata IA and
IB).  As shown in Part III, Attachment 3, Text Section 4.2.3, Tables 3.3 and 3.4, the mininum shear strengh of 
onsite clay materials is 2,100 psf.  For conservative purposes, the shear strength of the final cover soil is 
assumed to be 1,000 psf and the interface is assumed to be even lower at 750 psf. 

2. The final cover system, including both the top erosion layer and the storage layer, will be constructed of on-site
clay materials .  The storage layer will be compacted as described in the final cover quality control plan to reach 
the required permeability, and the erosion layer will be resonably compacted and vegetation will be established on 
the final cover.  For slope stability analysis purposes, it is not necessary to analyze the top soil stability 
separately, rather, the entire final cover system is considered as one unit.  

Made By: MX
Checked by: JBF
Reviewed by: 

Austin Community Recycling and Disposal Facility
MSW-249D

Appendix C.5A

GOLDER ASSOCIATES INC.
Professional Engineering Firm

Registration Number F-2578

INTENDED FOR PERMITTING
PURPOSES ONLY

P:\_2017 Project Folders\1782540 ACL WB Permit Mod\Response to 1st NOD\3C.5A final cover stability rev1.xlsx

Submitted: October 2017
Revised: February 2018

C.5A Pg. 1 of 3



Austin Community Recycling and Disposal Facility
MSW-249D

Appendix C.5A

3.0  METHODS

FSmin = 9.5

FSmin = 2.6

Potential Sliding of the Water Balance Final Cover

 = 0 interface friction angle

c = 750 interface cohesion (psf)

 = 14.0 slope angle (degrees)

 = 132 saturated unit weight of soil (pcf)

b = 5.0 soil thickness (ft)

d = 5

w = 62.4 unit weight of water (pcf)

FS = 4.7 > 1.5

Factor of safety against sliding of the water balance final cover = 4.7 > 1.5

Block Failure Mode:

A limit equilibrium analysis was performed to determine the minimum factor of safety against a sliding block failure 
along the interface.  The equation below was derived based on the force equilibrium of the final cover soil layer.  
Please refer to Chapter 12.3 of “Principles of Geotechnical Engineering” by Braja M. Das.

A slope stability software (SLIDE v7.029) was used to perform the analysis.  The minimum factor of safety is 
shown below and output of stability analysis is attached.

Allow failure surface in the final cover only

Allow failure surface into the waste 

water depth in cover (conservatively assume the entire final cover is 
saturated) (ft) 

Two slope stability analyses were performed for the final cover system:

Circular Failure Mode:

- Circular failure for the final cover system

- Block (i.e. sliding) failure of the final cover system along the final cover/subgrade interface




sin

tan)coscos(

b
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5.0  RESULTS

6.0  CONCLUSION

The analysis demonstated that the proposed water balance alternative final cover will be stable.

The future 4H:1V water balance alternative final cover slope will have a minimum factor of safety greater than 1.5.
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3. The QA/QC monitor will perform a minimum of 4 in-place moisture-density tests using a 
nuclear density gauge.  If the water content/density falls within the acceptance window 
move to Step 4, otherwise compact the soil until passing results are obtained. 

4. The QA/QC monitor will obtain bag samples from each in-place moisture-density test on 
the completed lift for water content testing in the lab. 

5. The QA/QC monitor will obtain a 3 inch diameter Shelby tube sample from the completed 
lift.  

The tube samples from each lift should be tested for the following: 

 Water content 

 Dry unit weight 

 Atterberg limits 

 Hydraulic conductivity 

Once it has been determined that the construction practices and soil testing will provide a compacted 
clay cover with a k ≤ 1 x 10-7 cm/s, construction of the WB cover may begin. 

5.2 WB Cover Construction and Testing 

Construction of the WB final cover must proceed in the same manner as the test pad construction or as 
determined in previous construction at the facility.  The soil shall be spread in loose lift thickness of 10-
inches of less.  Compaction will be in accordance with the procedures identified either through previous 
construction or in test pad construction that produced a k ≤ 1 x 10-7 cm/s.   

The total thickness of the WB final cover may vary based upon the permeability of the constructed cover.  
The final cover thickness will be determined as follows: 

 First, initial preconstruction testing data of the borrow source soil will be used to determine the target 
permeability and the thickness of the WB cover, based on TCEQ Guidance Document RG-494 (March 
2017), Table 3. 

 Second, during cover construction, soil samples of the as-built final cover will be taken and tested for 
hydraulic conductivity as described in Section 5.3.  Hydraulic conductivity results of the as-built final 
cover samples will be used to verify that the geometric mean of the samples is no greater than the target 
hydraulic conductivity used to set the final cover thickness in accordance with TCEQ Guidance 
Document RG-494 (March 2017), Table 3.  For areas exceeding the target hydraulic conductivity, 
additional compaction and re-testing will be performed to ensure that the geometric mean meets the 
target hydraulic conductivity.  

 Last, the final cover thickness may be adjusted, as needed, based on the results of the preconstruction 
soil samples taken throughout the construction process and in accordance with TCEQ Guidance 
Document RG-494 (March 2017), Table 3. In no case will the thickness be decreased from the thickness 
determined in the preconstruction testing.   

 Should the preconstruction testing indicate an increase to the final cover thickness is required, the 
subgrade shall be adjusted based on the thickness of the WB cover.   For all WB cover constructions, the 
permitted top of final cover grades will be maintained per the TCEQ permitted final grading plan to 
ensure proper drainage and transition between existing and new final cover areas.  The final top of waste 
grades will be at or below the permitted final elevation once the cover is installed.  In no case will the 
increase in the thickness of the WB cover or the erosion layer raise the final surface of the cover above 
the permitted design elevations. 
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4.3.2.4 Stability of Final Filled Configuration 

The final filled configuration was considered across cells WD-11, WD-12, and WD-13, up to a maximum 
cover elevation of 740 feet.  The configuration was analyzed using appropriate shear strength parameters 
and worst-case geometry.  The results, based on analyses performed using SLIDE and included in 
Appendix C.4, indicate that the final waste slopes will be stable with a minimum factor of safety of 1.58. 

4.3.2.5 Stability of Final Cover System 

A stability analysis of the final cover liner system was performed using methods outlined by Soong and 
Koerner (1996) to estimate the potential for sliding to occur following closure of the landfill cells.  A 
worst-case section, consisting of a 710-foot long, 25-percent slope was analyzed.  Based on a review of 
the literature and unpublished data on similar materials under similar loading conditions, the critical 
interface shear strength within the final cover liner system was estimated to be 21º. 

The analyses (included in Appendix C.5) indicate that, provided the geocomposite drainage layer is 
adequate to convey drainage without building up pore water pressures in the geocomposite, the factor of 
safety against sliding will be approximately 1.6. 

Additional analyses (included in Appendix D) were performed to determine the geocomposite drainage 
layer transmissivity required to adequately convey surface water infiltration over the maximum final 
cover slope length.  If the minimum measured transmissivity value reported in Appendix D is not met, the 
maximum flow length must be reduced (i.e., the geocomposite drainage layer must be “daylighted”) in 
direct proportion to the ratio of the actual measured transmissivity and the required measured 
transmissivity.  A detail depicting “daylighting” is included on Figure ATT7-2 in Attachment 7, the 
Closure Plan. 

A stability analysis of the water balance final cover was also performed using the limit equilibrium 
analysis.  The section analyzed consists of a 710-foot long, 25-percent slope, consistent with the section 
analyzed for the composite final cover system.  Material parameters were selected based on review of 
literature and site data, which are also consistent with other slope stability analyses in Appendix C.  The 
analysis (included in Appendix C.5A) indicate that the factor of safety against sliding will be 
approximately 2.6. 
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3. The QA/QC monitor will perform a minimum of 4 in-place moisture-density tests using a 
nuclear density gauge.  If the water content/density falls within the acceptance window 
move to Step 4, otherwise compact the soil until passing results are obtained. 

4. The QA/QC monitor will obtain bag samples from each in-place moisture-density test on 
the completed lift for water content testing in the lab. 

5. The QA/QC monitor will obtain a 3 inch diameter Shelby tube sample from the completed 
lift.  

The tube samples from each lift should be tested for the following: 

 Water content 

 Dry unit weight 

 Atterberg limits 

 Hydraulic conductivity 

Once it has been determined that the construction practices and soil testing will provide a compacted 
clay cover with a k ≤ 1 x 10-7 cm/s, construction of the WB cover may begin. 

5.2 WB Cover Construction and Testing 

Construction of the WB final cover must proceed in the same manner as the test pad construction or as 
determined in previous construction at the facility.  The soil shall be spread in loose lift thickness of 10-
inches of less.  Compaction will be in accordance with the procedures identified either through previous 
construction or in test pad construction that produced a k ≤ 1 x 10-7 cm/s.   

The total thickness of the WB final cover may vary based upon the permeability of the constructed cover.  
The final cover thickness will be determined as follows: 

 First, initial preconstruction testing data of the borrow source soil will be used to determine the target 
permeability and the thickness of the WB cover, based on TCEQ Guidance Document RG-494 (March 
2017), Table 3. 

 Second, during cover construction, soil samples of the as-built final cover will be taken and tested for 
hydraulic conductivity as described in Section 5.3.  Hydraulic conductivity results of the as-built final 
cover samples will be used to verify that the geometric mean of the samples is no greater than the target 
hydraulic conductivity used to set the final cover thickness in accordance with TCEQ Guidance 
Document RG-494 (March 2017), Table 3.  For areas exceeding the target hydraulic conductivity, 
additional compaction and re-testing will be performed to ensure that the geometric mean meets the 
target hydraulic conductivity.  

 Last, the final cover thickness may be adjusted, as needed, based on the results of the preconstruction 
soil samples taken throughout the construction process and in accordance with TCEQ Guidance 
Document RG-494 (March 2017), Table 3. In no case will the thickness be decreased from the thickness 
determined in the preconstruction testing.   

 Should the preconstruction testing indicate an increase to the final cover thickness is required, the 
subgrade shall be adjusted based on the thickness of the WB cover.   For all WB cover constructions, the 
permitted top of final cover grades will be maintained per the TCEQ permitted final grading plan to 
ensure proper drainage and transition between existing and new final cover areas.  The final top of waste 
grades will be at or below the permitted final elevation once the cover is installed.  In no case will the 
increase in the thickness of the WB cover or the erosion layer raise the final surface of the cover above 
the permitted design elevations. 










