
20700 Helium Road, Canyon, TX 79015  |  RepublicServices.com  |  Environmental Services, Recycling & Waste 

January 30, 2025 

Michael Smith 
Project Manager 
MC-124
Texas Commission on Environmental Quality
12100 Park 35 Circle
Austin, Texas  78753

Re:  Response to Notice of Deficiency Letter – Limited Scope Major Permit 
Amendment Application 
Southwest Landfill  
Randall County, Texas 
MSW Permit No.: 1663C 
Tracking No. 29885599 

Dear Mr. Smith: 

On behalf of Southwest Landfill TX, LP, please find enclosed one original and three copies 
of the replacement pages for the referenced Limited Scope Major Permit Amendment 
application.  The attached replacement pages were developed to incorporate comments 
included in your letter dated November 8, 2024. 

The  response  letter  contains  each  comment  identified  by  the  TCEQ  (in  bold)  and  a 
response to each.  

1. Part III, Appendix IIIB.

a. Throughout. Identify which constituents in tables are provided at half the
reporting level because they were non-detects during laboratory testing.

Response: 

a. Table 2-2 in Appendix IIIB has been revised to specify which constituents are
reported at half the reporting limits because they were non-detect during
laboratory testing.

The footnote 2 in Tables 4-1, 5-1, and 6-3 reference Table 2-2.  Footnote 3 for
Table 2-2 was updated to provide clarification of how the site specific leachate
quality was selected.
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b. Tables 2-2, 4-1, 5-1, and 6-3. Correct the page footers to reflect the first 
revision, October 2024. Additionally, reflect the revision date in response to 
this NOD if necessary.  

Response: 

b. The revision numbers for Tables 2-2, 4-1, 5-1, and 6-3 were revised to “Rev 1.” 
The dates for Tables 2-2 and 6-3 were updated to reflect the second NOD 
revision date. Tables 4-1 and 5-1 were revised to reflect the October 2024 date. 

c. Table 6-3. Correct the calculated Cp based on the site-specific concentration of 
arsenic in leachate provided during the first revision.  

Response: 

c. Table 6-3 was revised to reflect the correct Cp value of 2.3E-06 mg/L. 

d. Table 6-4. Revise the initial contaminant concentrations and subsequent 
calculations to reflect TCEQ's historical guidance, TWC (1993). Explain which 
and how initial concentrations were selected for contaminants without TCEQ’s 
historical guidance (1993). 

Response: 

d. The Co values were updated in Table 6-4 to reflect the leachate quality 
information historically used for POC demonstrations in Texas as presented in 
Table 2-2. The subsequent calculations in Table 6-4 were revised to reflect the 
updated Co values. Contaminants without any historical guidance were not 
calculated, which is consistent with recent POC demonstrations submitted to 
TCEQ. 

After reviewing the 2018 POC demonstration, it was found that the MCL 
concentrations were inadvertently used as the initial concentrations (Co) 
instead of the historical guidance concentrations in Tables 4-2 and 5-2. The 
subsequent calculations in these Tables were also revised.  

2. Part III, Appendix IIIB, Section 6.  

a. Identify the range of groundwater gradients observed in Stratum II and 
associated dilution attenuation factors for the proposed Subtitle D alternative 
liner design (ALD) based on groundwater contour maps that cover the entire 
1663C facility.  
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Response: 

a. A new section has been added to Appendix IIIB-D named “Additional 
Demonstrations” to evaluate the scenarios requested. In this section, a 
demonstration was performed to evaluate the DAF at minimum and maximum 
groundwater gradients, which shows that the demonstration is in compliance 
with the POC requirements specified in Title 30 TAC §330.331(a)(1). 

b. Identify the range of hydraulic conductivities observed in Stratum II and 
associated dilution attenuation factors for the proposed Subtitle D ALD based 
on groundwater contour maps that cover the entire 1663C facility.  

Response: 

b. A new section has been added to Appendix IIIB-D named “Additional 
Demonstrations” to evaluate the scenarios requested. In this section, a 
demonstration was performed to evaluate the DAF at the minimum and 
maximum observed hydraulic conductivities in Stratum II. The results of this 
demonstration show that the demonstration is in compliance with the POC 
requirements specified in Title 30 TAC §330.331(a)(1). 

c. Perform side gradient modeling for the proposed Subtitle D ALD because it was 
described on the figures for the proposed GCL overliner ALD and contributed 
to the GCL overliner ALD justification and approval. The presence of a 
groundwater gradient in one direction does not preclude contaminant diffusion 
in a transverse direction. 

Response: 

c. MW-21 was projected onto Section A to evaluate transverse contaminant 
diffusion in the alternative liner areas. Case I through IV in Appendix IIIB-D 
(Figures 3 through 6) have been updated to include the calculated DAF of MW-
21. Additionally, the additional demonstrations presented in Appendix IIIB-D 
also calculated the DAF for MW-21. The results of this demonstration show that 
the demonstration is in compliance with the POC requirements specified in Title 
30 TAC §330.331(a)(1). 

Additionally, the 1.0x107 DAF contour callout was updated to correct an 
inconsistency on Figures 4 and 6.  

3. Part III, Appendix IIIB, Section 6.2. Perform non-HELP leachate infiltration rate 
calculations and identify the associated dilution attenuation factors for the proposed 
Subtitle D ALD because they were described in Appendix IIIB, Section 5.2 and Appendix 
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IIIB-C for the GCL overliner ALD and contributed to the GCL overliner ALD justification 
and approval. These calculations are described in TCEQ’s historical guidance 
documents TWC (1993) and TNRCC (1998). 

Response: 

A new section has been added to Appendix IIIB-D named “Additional 
Demonstrations” to evaluate the scenarios requested. In this section, a 
demonstration was performed to evaluate the DAF, assuming that the 
alternative liner leachate collection system does not function as designed and 
allows a buildup of 12 inches of head on the alternative liner and overliner 
systems. The results of this demonstration show that the demonstration is in 
compliance with the POC requirements specified in Title 30 TAC §330.331. 

4. Part III, Appendix IIIE, Geotechnical Report, Section 5.5.1.  

a. Revise the Rankine-Block analyses to consider sliding parallel to the current 
liner and proposed alternative liner. Include the factor of safety against sliding 
within the compacted clay liner or protective cover based on their peak 
undrained shear strength (1,000 psf cohesion and zero degrees of friction 
angle) and total stresses. 

Response: 

a. Numerous changes have been made to Appendix IIIE to address the comment, 
including adding stability analyses incorporating the total stress values 
referenced in the comment into interim, final cover, and overliner analyses.  
Note that the interim slope analysis also required (in order to meet the 
minimum factor of safety of 1.3 for total stress), reducing the maximum interim 
slope length from 590 feet to 575 feet in Appendix IIIE.  We also have reduced 
the required minimum factor of safety for total stress in the interim condition 
from 1.5 (for long term stress conditions) to 1.3 (for short term stress 
conditions), consistent with other stability analyses and demonstrations 
prepared by WCG for multiple landfills in Texas.  Components included in this 
response include Appendix IIIE text revisions (including Tables 5-3 and 5-4 as 
referenced in comment 4.b below) and Appendix IIIE-A revisions (which include 
revised input and output data tables, revised stability section figures, and 
updated XSTABL computer stability models incorporating the referenced total 
stress values).  Overall, the included revisions demonstrate that the landfill is 
stable when total stress conditions are imposed on the translational block 
analyses. 
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Appendix IIIB

IIIB-9

Table 2-2 
Chemical Constituent Concentrations in Leachate 

Constituent 

MCL Listed 
in 

§330.331(a)
(1) 

(mg/l) 

Site Specific 
Leachate 

Quality1, 2,3 
(mg/l) 

Leachate 
Quality 

Information 
Historically 

Used for POC 
Demonstrations 
in Texas (mg/l) 

DAF Range 
(from Site 

Specific Data 
to Historically 
Used Data)4 

Arsenic 0.05 0.0855 5.0 <1 to 100 
Barium 1.0 7.450 100.0 7.45 to 100 
Benzene2 0.005 0.0025 0.814 <1 to 163 
Cadmium2 0.01 0.0001 1.0 <1 to 100 
Carbon tetrachloride2 0.005 0.0025 0.5 <1 to 100 
Chromium (hexavalent) 0.05 0.0126 5.0 <1 to 100 
2,4-Dichlorophenoxy acetic acid2 0.1 0.0005 10.0 <1 to 100 
1,4-Dichlorobenzene2 0.075 0.0025 7.5 <1 to 100 
1,2-Dichloroethane2 0.005 0.0025 0.5 <1 to 100 
1,1-Dichloroethylene2 0.007 0.0025 0.7 <1 to 100 
Endrin2 0.0002 0.00005 0.05 <1 to 250 
Fluoride 4 0.94 <1 
Lindane2 0.004 0.000025 0.4 <1 to 100 
Lead2 0.05 0.0025 5.0 <1 to 100 
Mercury2 0.002 0.0001 0.2 <1 to 100 
Methoxychlor2 0.1 0.00025 <1 
Nitrate2 10 0.00005 <1 
Selenium2 0.01 0.0005 1.0 <1 to 100 
Silver2 0.05 0.00025 5.0 <1 to 100 
Toxaphene2 0.005 0.0005 0.5 <1 to 100 
1,1,1-Trichloroethane2 0.2 0.0025 <1 
Trichloroethylene 0.005 0.0025 1.3 <1 to 260 
2,4,5-Trichlorophenoxy acetic 
acid2 

0.01 0.0005 1.0 1 to 100 

Vinyl Chloride2 0.002 0.001 0.2 <1 to 100 
1 Leachate concentrations obtained from historical leachate samples provided by the site.  
2 For constituents not detected at reporting limits, one-half of the reporting limit is listed. 
3 The constituents represent the highest values reported from laboratory testing from a leachate sample in June 2017 from 

the shared sump in Sectors 7 and 10 and annual historical leachate sampling for constituents tested.  The leachate sample 
was collected from the shared sump in Sectors 7 and 10. 

4 This column illustrates the range of DAFs needed for each constituent. 
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IIIB-22 

Table 4-1 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 
the POC due to 

Estimated 
Leachate 

Percolation) 

= CO
2  /  DAF3 

(mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC 
< MCL 

Arsenic 0.0056 6.81E-06 = 0.0855 / 12,552 0.0056 0.05 Yes 
Barium 0.07 1.16E-04 = 7.450 / 12,552 0.07 1.0 Yes 
Benzene 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.005 Yes 
Cadmium 0.001 7.97E-09 = 0.0001 / 12,552 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 1.99E-07 = 0.0025 / 12,552 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 1.0E-06 = 0.0126 / 12,552 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 3.98E-08 = 0.0005 / 12,552 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 1.99E-07 = 0.0025 / 12,552 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 1.99E-07 = 0.0025 / 12,552 0.0014 0.007 Yes 
Endrin 0.00005 3.98E-09 = 0.00005 / 12,552 0.0001 0.0002 Yes 
Fluoride 3.85 7.49E-05 = 0.94 / 12,552 3.85 4 Yes 
Lindane 0.0005 1.99E-09 = 0.000025 / 12,552 0.0005 0.004 Yes 
Lead 0.0075 1.99E-07 = 0.0025 / 12,552 0.0075 0.05 Yes 
Mercury 0.0001 7.97E-09 = 0.0001 / 12,552 0.0001 0.002 Yes 
Methoxychlor 0.00025 1.99E-08 = 0.00025 / 12,552 0.0003 0.1 Yes 
Nitrate 3.6 3.98E-09 = 0.00005 / 12,552 3.6 10 Yes 
Selenium 0.005 3.98E-08 = 0.0005 / 12,552 0.005 0.01 Yes 
Silver 0.005 1.99E-08 = 0.00025 / 12,552 0.005 0.05 Yes 
Toxaphene 0.0005 3.98E-08 = 0.0005 / 12,552 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.2 Yes 
Trichloroethylene 0.0025 1.99E-07 = 0.0025 / 12,552 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 3.98E-08 = 0.0005 / 12,552 0.0005 0.01 Yes 
Vinyl Chloride 0.001 7.97E-08 = 0.001 / 12,552 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 3-7.
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Table 4-2 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration
1

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 
= CO

2         /    DAF3 
(mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC 
< MCL 

Arsenic 0.0056 4.0E-04 = 5.0 /12,552 0.006 0.05 Yes 
Barium 0.07 8.0E-03 = 100.0 /12,552 0.078 1.0 Yes 
Benzene 0.0005 6.5E-05 = 0.814 /12,552 0.001 0.005 Yes 
Cadmium 0.001 8.0E-05 = 1.0 /12,552 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 4.0E-05 = 0.5 /12,552 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 4.0E-04 = 5.0 /12,552 0.010 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 8.0E-04 = 10.0 /12,552 0.091 0.1 Yes 
1,4-Dichlorobenzene 0.001 6.0E-04 = 7.5 /12,552 0.002 0.075 Yes 
1,2-Dichloroethane 0.0005 4.0E-05 = 0.5 /12,552 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 5.6E-05 = 0.7 /12,552 0.001 0.007 Yes 
Endrin 0.00005 4.0E-06 = 0.05 /12,552 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /12,552 -- 4 Yes -- 
Lindane 0.0005 3.2E-05 = 0.4 /12,552 0.001 0.004 Yes 
Lead 0.0075 4.0E-04 = 5.0 /12,552 0.008 0.05 Yes 
Mercury 0.0001 1.6E-05 = 0.2 /12,552 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /12,552 -- 0.1 Yes -- 
Nitrate4 3.6 -- = -- /12,552 -- 10 Yes -- 
Selenium 0.005 8.0E-05 = 1.0 /12,552 0.005 0.01 Yes 
Silver 0.005 4.0E-04 = 5.0 /12,552 0.005 0.05 Yes 
Toxaphene 0.0005 4.0E-05 = 0.5 /12,552 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /12,552 -- 0.2 Yes -- 
Trichloroethylene 0.0025 1.0E-04 = 1.3 /12,552 0.003 0.005 Yes 

2,4,5-Trichlorophenoxy acetic acid 0.0005 8.0E-05 = 1.0 /12,552 0.001 0.01 Yes 
Vinyl Chloride 0.001 1.6E-05 = 0.2 /12,552 0.001 0.002 Yes 
1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 3-7. 
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IIIB-26 

Table 5-1 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at the 

POC due to 
Estimated Leachate 

Percolation) 

=  CO
2            /    DAF3 

 (mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at 
POC < MCL 

Arsenic 0.0056 8.81E-06 = 0.0855 /   9,702 0.0056 0.05 Yes 
Barium 0.07 7.68E-04 = 7.450 /   9,702 0.07 1.0 Yes 
Benzene 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.005 Yes 
Cadmium 0.001 1.03E-08 = 0.0001 /   9,702 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 2.58E-07 = 0.0025 /   9,702 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 1.30E-06 = 0.0126 /   9,702 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 5.15E-08 = 0.0005 /   9,702 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 2.58E-07 = 0.0025 /   9,702 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 2.58E-07 = 0.0025 /   9,702 0.0014 0.007 Yes 
Endrin 0.00005 5.15E-09 = 0.00005 /   9,702 0.0001 0.0002 Yes 
Fluoride 3.85 9.69E-05 = 0.94 /   9,702 3.85 4 Yes 
Lindane 0.0005 2.58E-09 = 0.000025 /   9,702 0.0005 0.004 Yes 
Lead 0.0075 2.58E-07 = 0.0025 /   9,702 0.0075 0.05 Yes 
Mercury 0.0001 1.03E-08 = 0.0001 /   9,702 0.0001 0.002 Yes 
Methoxychlor 0.00025 2.58E-08 = 0.00025 /   9,702 0.0003 0.1 Yes 
Nitrate 3.6 5.15E-09 = 0.00005 /   9,702 3.6 10 Yes 
Selenium 0.005 5.15E-08 = 0.0005 /   9,702 0.005 0.01 Yes 
Silver 0.005 2.58E-08 = 0.00025 /   9,702 0.005 0.05 Yes 
Toxaphene 0.0005 5.15E-08 = 0.0005 /   9,702 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.2 Yes 
Trichloroethylene 0.0025 2.58E-07 = 0.0025 /   9,702 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 5.15E-08 = 0.0005 /   9,702 0.0005 0.01 Yes 
Vinyl Chloride 0.001 1.03E-07 = 0.001 /   9,702 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 3 in Appendix IIIB-C.



Weaver Consultants Group, LLC 
Q:\ALLIED\SOUTHWEST\LSMPA 2024\TECH NOD\APP IIIB - RLSO.DOC Rev. 1, 1/29/25 

Appendix IIIB
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Table 5-2 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration1 
(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 

=  CO
2  /   DAF3 
 (mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) Listed 
in §330.331(a)(1) 

CT at POC 
< MCL 

Arsenic 0.0056 5.2E-04 = 5.0 /   9,702 0.006 0.05 Yes 
Barium 0.07 1.0E-02 = 100.0 /   9,702 0.080 1.0 Yes 
Benzene 0.0005 8.4E-05 = 0.814 /   9,702 0.001 0.005 Yes 
Cadmium 0.001 1.0E-04 = 1.0 /   9,702 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 5.2E-05 = 0.5 /   9,702 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 5.2E-04 = 5.0 /   9,702 0.011 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 1.0E-03 = 10.0 /   9,702 0.091 0.1 Yes 
1,4-Dichlorobenzene 0.001 7.7E-04 = 7.5 /   9,702 0.002 0.075 Yes 
1,2-Dichloroethane 0.0005 5.2E-05 = 0.5 /   9,702 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 7.2E-05 = 0.7 /   9,702 0.001 0.007 Yes 
Endrin 0.00005 5.2E-06 = 0.05 /   9,702 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /   9,702 -- 4 Yes-- 
Lindane 0.0005 4.1E-05 = 0.4 /   9,702 0.001 0.004 Yes 
Lead 0.0075 5.2E-04 = 5.0 /   9,702 0.008 0.05 Yes 
Mercury 0.0001 2.1E-05 = 0.2 /   9,702 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /   9,702 -- 0.1 Yes-- 
Nitrate4 3.6 -- = -- /   9,702 -- 10 Yes-- 
Selenium 0.005 1.0E-04 = 1.0 /   9,702 0.005 0.01 Yes 
Silver 0.005 5.2E-04 = 5.0 /   9,702 0.006 0.05 Yes 
Toxaphene 0.0005 5.2E-05 = 0.5 /   9,702 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /   9,702 -- 0.2 Yes-- 
Trichloroethylene 0.0025 1.3E-04 = 1.3 /   9,702 0.003 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 1.0E-04 = 1.0 /   9,702 0.001 0.01 Yes 
Vinyl Chloride 0.001 2.1E-05 = 0.2 /  9,702 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 3 in Appendix IIIB-C. 
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IIIB-31 

Table 6-3 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at the 

POC due to 
Estimated Leachate 

Percolation) 

=  CO
2  /    DAF3 

 (mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at 
POC < MCL 

Arsenic 0.0056 2.3E-056 = 0.0855 / 3,656 0.0056 0.05 Yes 
Barium 0.07 2.0E-03 = 7.450 / 3,656 0.07 1.0 Yes 
Benzene 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.005 Yes 
Cadmium 0.001 2.7E-08 = 0.0001 / 3,656 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 6.8E-07 = 0.0025 / 3,656 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 3.4E-06 = 0.0126 / 3,656 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 1.4E-07 = 0.0005 / 3,656 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 6.8E-07 = 0.0025 / 3,656 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 6.8E-07 = 0.0025 / 3,656 0.0014 0.007 Yes 
Endrin 0.00005 1.4E-08 = 0.00005 / 3,656 0.0001 0.0002 Yes 
Fluoride 3.85 2.6E-04 = 0.94 / 3,656 3.85 4 Yes 
Lindane 0.0005 6.8E-09 = 0.000025 / 3,656 0.0005 0.004 Yes 
Lead 0.0075 6.8E-07 = 0.0025 / 3,656 0.0075 0.05 Yes 
Mercury 0.0001 2.7E-08 = 0.0001 / 3,656 0.0001 0.002 Yes 
Methoxychlor 0.00025 6.8E-08 = 0.00025 / 3,656 0.0003 0.1 Yes 
Nitrate 3.6 1.4E-08 = 0.00005 / 3,656 3.6 10 Yes 
Selenium 0.005 1.4E-07 = 0.0005 / 3,656 0.005 0.01 Yes 
Silver 0.005 6.8E-08 = 0.00025 / 3,656 0.005 0.05 Yes 
Toxaphene 0.0005 1.4E-07 = 0.0005 / 3,656 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.2 Yes 
Trichloroethylene 0.0025 6.8E-07 = 0.0025 / 3,656 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 1.4E-07 = 0.0005 / 3,656 0.0005 0.01 Yes 
Vinyl Chloride 0.001 2.7E-07 = 0.001 / 3,656 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 6 in Appendix IIIB-D.
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Table 6-4 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration1 
(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 

=  CO
2  /   DAF3 
 (mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC < 
MCL 

Arsenic 0.0056 1.4E-03 = 5.0 /   3,656 0.007 0.05 Yes 
Barium 0.07 2.7E-02 = 100.0 /   3,656 0.097 1.0 Yes 
Benzene 0.0005 2.2E-04 = 0.814 /   3,656 0.001 0.005 Yes 
Cadmium 0.001 2.7E-04 = 1.0 /   3,656 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 1.4E-04 = 0.5 /   3,656 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 1.4E-03 = 5.0 /   3,656 0.011 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 2.7E-03 = 10.0 /   3,656 0.093 0.1 Yes 
1,4-Dichlorobenzene 0.001 2.1E-03 = 7.5 /   3,656 0.003 0.075 Yes 
1,2-Dichloroethane 0.0005 1.4E-04 = 0.5 /   3,656 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 1.9E-04 = 0.7 /   3,656 0.002 0.007 Yes 
Endrin 0.00005 1.4E-05 = 0.1 /   3,656 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /   3,656 -- 4 Yes-- 
Lindane 0.0005 1.1E-04 = 0.4 /   3,656 0.001 0.004 Yes 
Lead 0.0075 1.4E-03 = 5.0 /   3,656 0.009 0.05 Yes 
Mercury 0.0001 5.5E-05 = 0.2 /   3,656 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /   3,656 -- 0.1 Yes-- 
Nitrate4 3.6 -- = -- /   3,656 -- 10 Yes-- 
Selenium 0.005 2.7E-04 = 1.0 /   3,656 0.005 0.01 Yes 
Silver 0.005 1.4E-03 = 5.0 /   3,656 0.006 0.05 Yes 
Toxaphene 0.0005 1.4E-04 = 0.5 /   3,656 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /   3,656 -- 0.2 Yes-- 
Trichloroethylene 0.0025 3.6E-04 = 1.3 /   3,656 0.003 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 2.7E-04 = 1.0 /   3,656 0.001 0.01 Yes 
Vinyl Chloride 0.001 5.5E-05 = 0.2 /   3,656 0.001 0.002 Yes 
1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 6 in Appendix IIIB-D. 
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ADDITIONAL DEMONSTRATIONS 

The purpose of modeling the following additional demonstrations is to evaluate the 
alternative liner POC demonstrations shown in Figures 3 through 6 under various 
conditions, that includes varying groundwater gradients, minimum and maximum 
observed hydraulic conductivities, and assuming that the alternative liner leachate 
collection system does not function as designed allowing a buildup of 12 inches of 
head on the liner system. 

Groundwater Gradients Demonstration 

The groundwater elevation maps from the semi-annual groundwater reports, 
provided by Hydrex Environmental from June 2020 through June 2024, were 
analyzed to assess changes in groundwater gradients over time. The groundwater 
gradients vary from 0.0053 ft/ft to 0.0056 ft/ft along Section A, which is shown on 
Figure 3-2 in Appendix IIIB. The Case III model presented on Figure 5 in Appendix 
IIIB-D was chosen for this evaluation as the demonstration represents the lowest 
DAF under expected groundwater flow conditions (i.e., groundwater flow toward 
north). Case III was run with a gradient of 0.0058 which represents the maximum 
gradient observed. An additional run with a gradient of 0.0052 was run to represent 
the minimum gradient. The results are presented in Table 1 below which show the 
design is complainant with §330.311(a)(1). 

Table 1 
Groundwater Gradients Demonstration Results 

Case Groundwater Gradient 
(ft/ft) Calculated DAF1 

Minimum 
Required 

DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case III 
0.0058 16,031 260 Yes 

0.0052 12,704 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 

Additionally, the Case IV model presented on Figure 6 in Appendix IIID artificially 
reverses the groundwater flow to the south using a conservative gradient of 0.0029. 
This condition results in a DAF of 3,656 which is presented on Figure 6 in Appendix 
IIIB-D. 
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Hydraulic Conductivity Demonstration 

The minimum and maximum observed hydraulic conductivities in Stratum II were 
analyzed to assess the impacts of hydraulic conductivity on the modeled 
concentrations. As shown in Tables 4-3 and 4-4 in Appendix IIIG, the maximum 
hydraulic conductivity is 2.08x10-3 cm/s while the minimum is 2.45x10-5 cm/s 
within Stratum II. Case III, presented in Figure 5 in Appendix IIIB-D, was chosen for 
this evaluation. The results are presented in Table 2 below which show the design is 
complainant with §330.311(a)(1). 

Table 2 
Minimum and Maximum observed Hydraulic conductivity 

Demonstration Results 

Case 
Hydraulic 

Conductivity 
(cm/sec) 

Calculated DAF1 Minimum 
Required DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case III 
2.08x10-3 16,031 260 Yes 

2.45x10-5 20,666 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 

Non-functioning Leachate Collection System Demonstration 

This demonstration modifies Case IV in Appendix IIIB-D to assume that the 
alternative liner leachate collection system does not function as designed and allows 
a buildup of 12 inches of head on the alternative liner and overliner systems, which 
will increase the percolation rate in these areas. The assumed leakage through the 
overliner calculations on Page IIIB-C-1 was applied to the alternative liner areas. 
The calculation assumes 12 inches of head on the liner and 4 defects per acre for a 
resulting percolation of 0.066 mm/yr. The results are presented in Table 3 below 
which show the design is complainant with §330.311(a)(1). 

Table 3 
Non-functioning Leachate Collection System Demonstration Results 

Case Percolation2 
(mm/yr) Calculated DAF1 Minimum 

Required DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case IV 0.066 1,466 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 
2 The percolation is applied to both overliner and alternative liner areas. 

Summary 

Therefore, the demonstration supports the fact that the site design is in compliance 
with the POC requirements specified in Title 30 TAC §330.331. 
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2. Simplified Bishop Method – This method uses the method of slices to
discretize the soil mass for determining the factor of safety.

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

The stability analysis has been developed using demonstrations showing that, for 
each analyzed section, the forces resisting movement of the slopes are higher than 
the forces that potentially create movement.  Therefore, the ratio of forces resisting 
movement to the forces potentially creating movement is defined as the factor of 
safety (FS).  When the FS is equal to or greater than 1.0, it means that the slope is 
stable.  In the slope stability analysis a factor of safety greater than 1.0 is desired. 
The FS value is increased for the increased uncertainty for the system analyzed.  A 
factor of safety of 1.5 has been used for slopes that will stay in place long term, 
including interim and final cover configurations subjected to effective (rotational 
failure) and peak (translational or block failure) conditions.  A factor of safety of 1.3 
is acceptable for total stress conditions that will be in place for a short period of 
time such that pore pressures cannot fully dissipate and including both interim and 
final conditions.  A factor of safety of 1.1 is acceptable for analyses performed 
incorporating residual stress. 

5.2  Sections Selected for Analysis 

Slope stability analyses were performed on critical sections to evaluate the stability 
of the excavation, interim fill, overliner, and final cover configuration slopes.  The 
geometries of the slopes analyzed were determined by reviewing the proposed 
excavation plan and final contour plan.  The evaluation locations were selected to 
analyze critical slopes consisting of profiles that include the landfill configuration as 
well as natural materials at the toe and below the landfill excavation.  The interim 
fill slope was analyzed using an assumed profile as discussed in Section 4.3.  Figures 
showing the location of the cross sections are included in Appendix IIIE-A (refer to 
Appendix IIIE-A-1 for the excavation slope stability analysis, Appendix IIIE-A-2 for 
the interim condition slope stability analysis, and Appendix IIIE-A-3 for the final 
landfill slopes stability analysis, including overliner stability analysis). 

5.3  Configurations Analyzed 

The excavation, interim, overliner, and final landfill configurations were modeled to 
represent critical slope conditions, and the analysis was performed using circular 
and block failure surfaces.  The maximum final fill and overliner slopes will be 4 
horizontal to 1 vertical (4H:1V), while interim slopes, liner slopes, and excavation 
slopes will be as steep as 3H:1V.  The excavation, liner, and interim fill slopes were 
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analyzed with a slope angle of 3H:1V and a 4H:1V final side slope was used to 
evaluate final cover and overliner.  A copy of the top of liner plan and final 
completion plan showing the locations of the cross sections selected for analysis are 
included in Appendix IIIE-A.  Additionally, the configurations analyzed are 
graphically illustrated in Appendix IIIE-A.  The interim condition was analyzed 
considering a 3H:1V slope with a horizontal length of approximately 590575 feet.  If 
the horizontal length of actual interim slopes longer than 590575 feet is developed 
during site operations, an additional analysis will be completed at that time and 
maintained in the Site Operating Record.	

5.4  Input Parameters 

The cross sections for slope stability analysis were developed from the proposed 
excavation plan and the landfill completion plan (see Drawings A.1 and A.5 in 
Appendix IIIA-A – Liner, Overliner, and Final Cover System Details).  The soil 
parameters were selected based on a review of the boring logs and laboratory test 
results from the subsurface investigation studies at the site and upon engineering 
judgment and experience with similar materials.  The groundwater surface 
indicated in the analysis is obtained from Appendix IIIG-Geology Report (Figure 
IIIG-D-14) and represents the highest measured groundwater levels.  Table 5-1 
summarizes the unit weights and strength parameters used for the stability 
analyses for the evaluated landfill slopes (excavation, interim, overliner, and final 
cover slopes).   
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Table 5‐1 (Continued) 
Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis 

Strength Parameters Comments 

Solid Waste  See comments listed under Solid Waste above. 
Material Strength Parameters Interface Strength Parameters 

Cohesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Unit 
Weight 
(lb/ft3) 

Adhesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

288 23 59 
Interface strength parameters are not 
applicable to the solid waste layer 
because the interface between the waste 
and final cover and overliner systems is 
not a critical interface. 

Liner System  The liner system includes a 2-foot-thick compacted clay (compacted clay is 3 feet thick for the Class 1 liner) layer, 60-mil geomembrane (smooth 
geomembrane on the floor of the landfill and textured on the 3H:1V sideslopes), drainage geocomposite (single-sided on floor grades and double-sided on 
3H:IV sideslopes), and a 2-foot-thick protective cover soil layer.  This system is modeled as two layers for the global stability analysis:  the 3-foot-thick 
compacted clay liner and the soil protective cover.  In addition, both a translational and an infinite stability analysis were performed to establish the minimum 
interface strength requirements for each layer of the liner system.  The minimum interface strength requirements are specified in Appendix IIID. 

For the rotational global stability analysis, the liner system is modeled as two layers:  the compacted clay liner and the soil protective cover layer.  The two 
geosynthetic layers are not included in the global analysis because they provide a negligible contribution to the forces that are resisting movement.  The 
strength values selected for the liner system represent strength values typically used in the industry and these same strength values have been used in 
various permit applications approved by TCEQ.  Duncan and Wright (2005) provides a comprehensive discussion regarding strength parameters for a liner 
system.  In Chapter 5 – Shear Strengths of Soil and Municipal Solid Waste, a significant amount of data are presented and evaluated for compacted clay liners. 
The results indicate that the lowest cohesion value for compacted cohesive soils is 9 kPa (187 lb/ft2) and the lowest reported friction angle value is 19 
degrees.  Therefore, selected values of 100 lb/ft2 for cohesion and 16 degrees of friction angle conservatively represent the liner system.  Soil properties used 
in the slope stability analysis are subject to verification at the time of each liner construction.  Section 2.4.3 in Appendix IIID – LQCP includes the material 
strength tests required for soil used for liner construction.  Protective cover and compacted clay liner soil unit weight values are based on experience with 
liner system construction.  The global stability analysis is included in Appendices IIIE-A-1 and IIIE-A-3. 

The interface slope stability analysis, which is performed using an infinite slope stability analysis procedure by Duncan, Buchianani, and De Wet for the liner 
system, was developed to show that certain landfill components that are placed on top of each other, such as a geomembrane and compacted clay layer will 
not experience sliding failure due to the lack of strength between these components.  The interface strength values presented in this table represent 
compacted clay liner internal on the sideslopes, and smooth geomembrane and compacted clay liner interface on floor grades.  These strength values 
represent the interfaces with the lowest strength at the floor and sideslopes (refer to Appendix IIIE-A-4 for the complete evaluation of interfaces that will 
occur for the liner system 3H:1V sideslope and the bottom liner interface strength value is obtained from the document referenced in this paragraph).  The 
strength parameters were developed using materials from Geosynthetic Research Institute (GRI) publications (e.g., “Direct Shear Database of Geosynthetic-to-
Geosynthetic and Geosynthetic-to-Soil Interfaces” by George R. Koerner, GRI, Folsom, PA, June 14, 2005).  Although the strength parameters (i.e., adhesion and 
interface friction) used for the application were selected based on published data, it should be noted that these strength parameters will also be tested and 
verified at the time of each liner construction event to ensure that the as-built strength parameters meet or exceed the strength parameters used for the 
design (refer to Appendix IIID).  As noted in Appendix IIID, Table 6-1, the strength parameters listed are for the interfaces with the lowest strength 
parameters to provide for a conservative design. 

The translational slope stability analysis was performed using simplified Janbu Method using the Rankine Blocks.  This analysis is similar to the interface 
slope stability analysis discussed above.  The purpose of this analysis is to test the critical interfaces under a variety of loading conditions (refer to Appendices 
IIIE-A-1, IIIE-A-2, and IIIE-A-3 for more information – i.e., the loading conditions reflect different landfill configurations).  XSTABL is also used for this 
analysis.  However, for the translational analysis, the liner system strength parameters are modified to reflect the interface strength parameters.  The 
translational stability analysis uses modified liner system strength parameters to reflect the interface strength parameters.  As noted above, these strength 
parameters will also be tested and verified at the time of each liner construction event to ensure that the as-built strength parameters meet or exceed the 
strength parameters used for the design. 

Material Strength Parameters Interface Strength Parameters 

Cohesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Unit 
Weight 
(lb/ft3) 

Adhesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Protective Cover 

 Effective Stress 

 Total Stress 

Liner System (Typical) 

 Effective Stress 

 Total Stress 

Liner System 
(Translational Block 
Analysis) 

100 

1,000 

100 

1,000 

16 

0 

16 

0 

120 

120 

Floor Grades 

3H:1V 
Sideslope 

Peak Stress 

Floor  Grades 

3H:1V 
Sideslope 

Residual Stress 

Floor Grades 

3H:1V 
Sideslope 

Total Stress 

Floor Grades 

3H:1V 
Sideslope 

0 

100 

188 

200 

188 

80 

1000 

1000 

22 

16 

11 

15 

9 

10 

0 

0 

1 Liners on the sideslopes and floor grades are listed separately due to different strength characteristics for clay/smooth geomembrane and clay/textured geomembrane interfaces.  The overliner was modeled with clay/textured geomembrane interface for sideslope and top deck areas. 
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Table 5‐3 
Summary of Slope Stability Analysis for 

Intermediate Cover Slopes 

Slope Designation 
Method of 
Analysis 

Minimum Factor 
of Safety 

Generated1, 2

Factor of Safety 
Acceptable 

Peak / Effective 
Stress 

Residual / Total 
Stress Peak / 

Effective 
Residual / 

Total 
1.5 

1.5 
1.1/1.3 

Interim Fill Slope A-1 Bishop-Circular 1.561.60 (effect) 1.601.56 (total) YES YES 

Interim Fill Slope A-2 Rankine-Block 1.421.53 (peak) 1.421.44 (residual) YES YES 
Interim Fill Slope A-2 Rankine-Block -- 1.30 (total) YES YES 
1 Factor of Safety for temporary slopes is 1.5. 

2 Block analysis performed for peak and residual stresses. 
3 Recommended Minimum Factor of Safety for stability analysis using peak stress is 1.5 and residual stress is 1.1. 
4 Interim slope stability analyses were developed for the 2025 LSMPA to incorporate a revised maximum horizontal length of slope of 

575 feet at a 3H:1V maximum outer slope.  

Computer-generated slope stability analysis output is included in Appendix IIIE-A. 
As shown in Table 5-2, the minimum calculated factor of safety for excavation, liner, 
and interim slopes is 1.56, which is an acceptable factor of safety recommended for 
short-term slope stability.  Long-term landfill slope stability has been estimated for 
the closed (final cover and overliner) condition.  The minimum calculated factor of 
safety for the closed condition is 1.61, which is higher than the recommended factor 
of safety of 1.5 for long-term slope stability.	

5.5.2  Infinite Slope Stability Analysis 

Infinite slope stability analysis for the liner and final cover systems has been 
included in this design in addition to block method analysis (i.e., Rankine Block) 
discussed in the previous section.  The infinite liner and overliner stability analyses 
address anchor trench design, stability of cover and drainage material on anchored 
geosynthetics, and shear forces within the liner system.  The infinite final cover 
slope stability analysis addresses the shear forces within the final cover system. 
These calculations are presented in Appendix IIIE-A-4.  As demonstrated in 
Appendix IIIE-A-4, the liner and cover systems are structurally stable using the 
strength parameters, which will be verified during each construction event.  Prior to 
each construction event for liner, overliner, and final cover, the POR will perform 
interface strength testing using the actual material that will be used for each 
construction event. 
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Table 5‐4 
Summary of Slope Stability Analysis 
for the Final Landfill Configuration 

Slope Designation 
Method of 
Analysis 

Minimum Factor of Safety 
Generated1,2 Acceptable Factor 

of Safety  
Total / 
Effective  
Stress 

Residual /  
Total Stress 

Peak / 
Effective 

Residual / 
Total 

Final Cover Slope A-1 Bishop-Circular 2.43 (effect) 2.38 (total) YES YES 
Final Cover Slope A-2 Rankine-Block-3 2.23 (peak) 2.09 (residual) YES YES 
Final Cover Slope A-2 Rankine-Block-3 -- 2.05 (total) YES YES 
Final Cover Slope B-1 Bishop-Circular 2.26 (effect) 2.27 (total) YES YES 
Final Cover Slope B-2 Rankine-Block 2.67 (peak) 2.55 (residual) YES YES 
Final Cover Slope B-2 Rankine-Block -- 2.81 (total) YES YES 
Final Cover Slope C-1 Bishop-Circular 2.62 (effect) 2.69 (total) YES YES 
Final Cover Slope C-2 Rankine-Block 4.05 (peak) 3.96 (residual) YES YES 
Final Cover Slope C-2 Rankine-Block -- 3.86 (total) YES YES 
Final Cover Slope D-1 Bishop-Circular 2.62 (effect) 2.71 (total) YES YES 
Final Cover Slope D-2 Rankine-Block 3.1 (peak) 2.71 (residual) YES YES 
Final Cover Slope D-2 Rankine-Block -- 2.79 (total) YES YES 
Overliner Slope A-1 Bishop-Circular 2.61 (effect) 2.71 (total) YES YES 
Overliner Slope A-2 Rankine-Block 2.17 (peak) 1.72 (residual) YES YES 
Overliner Slope A-2 Rankine-Block -- 2.39 (total) YES YES 
Overliner Slope B-1 Bishop-Circular 2.35 (effect) 2.35 (total) YES YES 
Overliner Slope B-2 Rankine-Block 3.27 (peak) 3.06 (residual) YES YES 
Overliner Slope B-2 Rankine-Block -- 3.49 (total) YES YES 
Overliner Slope C-1 Bishop-Circular 2.55 (effect) 2.56 (total) YES YES 
Overliner Slope C-2 Rankine-Block 2.05(residual) 1.61 (residual) YES YES 
Overliner Slope C-2 Rankine-Block -- 2.26 (total) YES YES 
Overliner Slope D-1 Rankine-Block 6.19 (residual) 4.41 (residual) YES YES 
Overliner Slope D-1 Rankine-Block -- 15.5 (total) YES YES 

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

2 Recommended Minimum Factor of Safety for stability analysis using peak stress is 1.5 and residual stress is 1.1. 
3 Rankine Block analysis uses interface strength values where applicable. 
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SOUTHWEST LANDFILL
0120-094-11-107-01

APPENDIX IIIE-A-2
INTERIM SLOPE STABILITY ANALYSIS

Chkd By: DEP
Date: 1/29/2025

Derivation of Slope Stability Parameters:

Laboratory testing data are provided in Appendix IIIE-C.  The following includes material strength properties based on
the laboratory testing results from each subsurface unit.

Moist Saturated
Unit Weight Unit Weight

(pcf) (pcf)

122.5 --
121.9 --
122.5 127.0
138.4 139.0

The strength parameters for the in-situ soils were selected based on the following:

Stratum I (Clay and Caliche)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction Angle

100 26.0 100 27.1

Stratum II (Sand)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction Angle

1620 
(total)

40.9 
(total)

3020 
(effective)

35.0 
(effective)

900 
(residual)

26.9
(residual)

1200 (peak)
26.7 

(peak)

Stratum III (Shale)

100 26 100 27.1

100 26 100 27.1

1,200 26.7 1,200 26.7

500 33 5,000 0

Slope stability strength parameters for constructed soil materials were selected as follows based on engineering 
judgment. Prior to construction, laboratory tests will be performed to verify the assumed strength parameter values 
using project-specific soil materials. If test results differ from the assumed values, this analysis will be updated 
for acceptable factor of safety values.

Moist Unit 
Weight Cohesion 

(pcf)  (psf)

Clay Liner(1) 120 100

Protective Cover 120 100

Material

Stratum I (Clay)
Stratum I (Caliche)

Stratum II (Sand)
Stratum III (Shale)

A triaxial shear tests was performed on Stratum I samples which resulted in cohesion and friction angle values listed in the table below. The 
values in the table will be used for both Clay and Caliche. Moist unit weight and saturated unit weight values are calculated from the dry unit 
weight, the moisture content, and the void ratio obtained from the triaxial shear test. These unit weight values conservatively compare to the 
average obtained from all laboratory testing performed on the material.

Total Stress Effective Stress

Effective Stress Total Stress

Triaxial Shear Test G-5

Triaxial shear tests and direct shear tests were performed on the Stratum II (sand) samples which resulted in cohesion and friction angle values 
listed in the table below. Stratum II is modeled using a cohesion of 1,200 psf and a friction angle of 26.7° conservatively. Moist unit weight 
values are calculated from each pair of moisture content and dry unit weight obtained from all laboratory testing performed on the material.  
These moist unit weight values were then averaged and this value is used in the slope stability analysis.

Cohesion 
(psf)

Friction 
Angle 

(degrees)

16

16

Cohesion 
(psf)

Friction Angle 
(degrees)

1. A cohesion of 100 psf and internal friction angle of 16 degrees (effective stress) and a cohesion of 1,000 psf and internal friction angle of 0 
degrees (total stress) is used for the clay liner for simplified Bishop Method of the slope stability analysis.

Friction Angle
(degrees)

2. For translational (block) stability analysis, the strength parameters of the weakest interface were used to model the liner. The values used for 
the interim slope stability analysis are highlighted in the table below titled "Minimum Required Interface Strength Values".  Note that both total 
and residual stress analyses were performed for the translational analyses.

Triaxial Shear Test G-3

Direct Shear Test WB-121

Stratum I (Caliche)

Stratum II (Sand)
Stratum III (Shale)

The slope stability analysis indicates no failure surface through this stratum as the top of this stratum is located a minimum of 74 feet below the 
elevation of the deepest excavation.  The laboratory testing for shear strength is reported on page IIIE-18.

Material

Stratum I (Clay)

Material

P:\Solid	waste\Allied\Southwest\LSMPA	2024\Part	III\IIIE\
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Solid waste data used in this analysis are listed below.  

Moist Unit Friction
Soil Description Weight Cohesion Angle

(pcf) (psf) (degrees)

Solid Waste 59 288 23

This information was derived from several references.  Reference 3 provides a summary of several studies 
that have been completed to develop the shear strength parameters for MSW (refer to Chapter 6.7 in Ref. 3).
MSW shear strength parameters reported in technical literature references vary widely, with friction angles 
as low as 10° and as high as 53° and cohesion values varying from 0 psf to 1,400 psf.  Many of the lower
values are directly contradicted by observations of actual stable landfill slopes. A summary of a few of the
studies completed is listed below.

Reference

To provide for a conservative analysis, a cohesion of 288 psf and a friction angle of 23° were selected. 

The moist unit weight is calculated at the midpoint of the average depth to represent the average unit weight
of waste/cover soil within the landfill, consistent with what is used in the site life calculations in Appendix IIIM.

Total Effective Total Effective Total Effective
1.56 1.56 1.60 1.60 1.5 1.5 1.3 YES YES

Peak Residual/Total Peak
Residual/

Total
Peak

Residual/
Total

1.52 1.53
1.42

 1.44 (Residual)
 1.30 (Total)

1.5 1.1/1.3 YES YES

100 18 80 14
Liner (Note 1, 3) Geonet/Smooth Geomembrane 188 11 188 9
Liner (Note 3) Geonet/Textured Geomembrane 0 13 0 10

100 21 80 10
100 13 80 8
200 15 80 10

Liner Clay Internal 100 16 100 12
Liner Smooth Geomembrane/Geosynthetic Clay Liner 100 16 80 10

100 18 80 10
Liner Geosynthetic Clay Liner Internal 100 24 380 11

Liner/Protective Cover (Note 4) Clay Internal/Protective Cover (Total Stress) -- --
1000 

(Total Only)
 0 

(Total Only)

1. Interface parameters used for translational block analysis of cell floor.
2. Interface parameters used for translational block analysis of cell sideslope (3H:1V typical).
3. Interface parameters derived from GRI Report #30 (Ref. 5).
4. Total stress values assumed for both rotational and translational analysis of interim conditions.  Effective, peak and residual stresses also analyzed.

Friction 
Angle 

(degrees)

Description

Adhesion (psf)

Interim A-1

Recommended Minimum 
Factor of Safety

Slope Designation Method of Analysis

Minimum Required Interface Strength Parameters

Landfill Component Friction Angle 
(degrees)

Interface

Peak

Minimum Factor of Safety 
Generated

Method of Analysis

Acceptable Factor of Safety

Recommended Minimum 
Factor of Safety

Residual

Adhesion 
(psf)

Minimum Factor of Safety 
Generated

Acceptable Factor of Safety

Bishop-Circular

Factor of Safety Summary for Slope Stability

Slope Designation

Laboratory direct shear tests 
on MSW

Results

Description

Landva & Clark       
(1990)

Data Type

Smooth Geomembrane/Clay Liner
Liner (Note 2) Textured Geomembrane/Clay Liner

Richardson & 
Reynolds (1991)

Large direct shear tests 
performed in-situ

= 18o to 43,o

c = 210 psf (10 kPa)

Interm A-2 Rankine-Block

Liner Protective Cover/Geocomposite

Pagotto & Rimoldi 
(1987)

Back-calculation from plate 
bearing tests

= 22,o c = 605 psf            
(29 kPa)

Liner Textured Geomembrane/Geosynthetic Clay Liner

Liner Geocomposite/Textured Geomembrane
Liner

= 24,o c = 460 psf            

(22 kPa) to  = 39,o

c = 400 psf (19 kPa)
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 FINAL CONFIGURATION AND OVERLINER SLOPE STABILITY ANALYSIS

Chkd By: DEP
Date: 1/29/2025

Derivation of Slope Stability Parameters:

Laboratory testing data are provided in Appendix IIIE-C.  The following includes material strength properties based on
the laboratory testing results from each subsurface unit.

Moist Saturated
Unit Weight Unit Weight

(pcf) (pcf)

122.5 --
121.9 --
122.5 127.0
138.4 139.0

The strength parameters for the in-situ soils were selected based on the following:

Stratum I (Clay and Caliche)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction 
Angle

100 26.0 100 27.1

Stratum II (Sand)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction 
Angle

1620 
(total)

40.9 
(total)

3020 
(effective)

35.0 
(effective)

900 
(residual)

26.9
(residual)

1200 (peak)
26.7 

(peak)

Shale

100 26 100 27.1

100 26 100 27.1

1,200 26.7 1,200 26.7

500 33 5,000 0

Material

Stratum I (Clay)
Stratum I (Caliche)

Stratum II (Sand)

Stratum III (Shale)

Cohesion 
(psf)

A triaxial shear tests and direct shear tests were performed on the Stratum II (sand) samples which resulted in cohesion and friction angle values 
listed in the table below. Stratum II is modeled using a cohesion of 1,200 psf and a friction angle of 26.7° conservatively. Moist unit weight 
values are calculated from each pair of moisture content and dry unit weight obtained from all laboratory testing performed on the material.  
These moist unit weight values were then averaged and this value is used in the slope stability analysis.

A triaxial shear test was performed on Stratum I samples which resulted in cohesion and friction angle values listed in the table below. The 
values in the table will be used for both Clay and Caliche. Moist unit weight and saturated unit weight values are calculated from the dry unit 
weight, the moisture content, and the void ratio obtained from the triaxial shear test. These unit weight values conservatively compare to the 
average obtained from all laboratory testing performed on the material.

The slope stability analysis indicate no failure surface through this stratum as the top of this stratum is located minimum of 74 feet below the 
elevation of the deepest excavation.  The laboratory testing for shear strength is reported on page IIIE-18.

Stratum I (Clay)

Stratum I (Caliche)

Stratum II (Sand)

Total Stress Effective Stress

Triaxial Shear Test G-5

Triaxial Shear Test G-3

Direct Shear Test WB-121

Friction 
Angle 

(degrees)

Stratum III (Shale)

Material

Effective Stress Total Stress

Cohesion 
(psf)

Friction 
Angle 

(degrees)
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 FINAL CONFIGURATION AND OVERLINER SLOPE STABILITY ANALYSIS
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Slope stability strength parameters for constructed soil materials were selected as follows based on engineering 
judgment. Prior to construction, laboratory tests will be performed to verify the assumed strength parameter values 
using project-specific soil materials. If test results differ from the assumed values, this analysis will be updated 
for acceptable factor of safety values.

Moist Unit 
Weight Cohesion 

(pcf)  (psf)

Final Cover System 116 100

Clay Liner(1) 120 100

Protective Cover 120 100
Overliner Protective Cover(2)

120 100

3. A cohesion of 100 psf and internal friction angle of 16 degrees is used for the overliner for Simplified Bishop

method of the slope stability analysis.  For global translational stability analysis, the strength parameters of

the weakest interface were used to model the overliner. For peak values, an adhesion of 100 psf and an

interface friction angle of 18 degrees (textured geomembrane/GCL) is used in the Rankine Block method of

the slope stability analysis to represent the weakest interface. For residual values, an adhesion of 80 psf and 

an interface friction angle of 8 degrees (smooth geomembrane/GCL) is used.

Moist Unit
Soil Description Weight Cohesion

(pcf) (psf)

Solid Waste 59 288

This information was derived from several references.  Reference 3 provides a summary of several studies 
that have been completed to develop the shear strength parameters for MSW (refer to Chapter 6.7 in Ref. 3).
MSW shear strength parameters reported in technical literature references vary widely, with friction angles 
as low as 10° and as high as 53° and cohesion values varying from 0 psf to 1400 psf.  Many of the lower
values are directly contradicted by observations of actual stable landfill slopes. A summary of a few of the
studies completed is listed below.

Reference

To provide for a conservative analysis, a cohesion of 288 psf and a friction angle of 23° were selected. 

The moist unit weight is calculated at the midpoint of the average depth to represent the average unit weight
of waste/cover soil within the landfill, consistent with what is used in the site life calculations in Appendix IIIM.

23

Data Type Results

Richardson & 
Reynolds (1991)

Large direct shear tests performed 
in-situ

= 24,o c = 460 psf           

(22 kPa) to  = 39,o

c = 400 psf (19 kPa)

= 18o to 43,o

c = 210 psf (10 kPa)

Pagotto & Rimoldi 
(1987)

Material Friction Angle
(degrees)

16

(degrees)

16

16

Friction

1. A cohesion of 100 psf and internal friction angle of 16 degrees (effective stress) and a cohesion of 1,000 psf and internal friction angle of 0 degrees (total 
stress) is used for the clay liner for simplified Bishop Method of the slope stability analysis.

2. For translational (block) stability analysis, the strength parameters of the weakest interface were used to model the liner. The values used for the final slope 
stability analysis are highlighted in the table below titled "Minimum Required Interface Strength Values".  Note that both total and residual stress analyses 
were performed for the translational analyses.

Landva & Clark       
(1990)

Laboratory direct shear tests on 
MSW

Back-calculation from plate 
bearing tests

= 22,o c = 605 psf           
(29 kPa)

Angle

16
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Effective 
Stress

Total       
Stress

Effective 
Stress

Total        
Stress

Effective 
Stress

Total           
Stress

Final Cover A-1 Bishop-Circular 2.43 2.38 1.5 1.3 1.5 YES YES

Final Cover B-1 Bishop-Circular 2.26 2.27 1.5 1.3 1.5 YES YES

Final Cover C-1 Bishop-Circular 2.62 2.69 1.5 1.3 1.5 YES YES

Final Cover D-1 Bishop-Circular 2.62 2.71 1.5 1.3 1.5 YES YES

Overliner A-1 Bishop-Circular 2.61 2.71 1.5 1.3 1.5 YES YES

Overliner B-1 Bishop-Circular 2.35 2.35 1.5 1.3 1.5 YES YES
Overliner C-1 Bishop-Circular 2.55 2.56 1.5 1.3 1.5 YES YES

Peak
Residual/

Total
Peak

Residual/
Total

Peak Residual

Final Cover A-2 Rankine-Block 2.23 2.09/2.05 1.5 1.1 1.0 / 1.3 YES YES

Final Cover B-2 Rankine-Block 2.67 2.55/2.81 1.5 1.1 1.0 / 1.3 YES YES

Final Cover C-2 Rankine-Block 4.05 3.96/3.86 1.5 1.1 1.0 / 1.3 YES YES

Final Cover D-3 Rankine-Block 3.10 2.71/2.79 1.5 1.1 1.0 / 1.3 YES YES

Overliner A-2 2.17 1.72/2.39 1.5 1.1 1.0 / 1.3 YES YES

Overliner B-2 3.27 3.06/3.49 1.5 1.1 1.0 / 1.3 YES YES

Overliner C-2 2.05 1.61/2.26 1.5 1.1 1.0 / 1.3 YES YES
Overliner D-1 6.19 4.41/15.5 1.5 1.1 1.0 / 1.3 YES YES

100 18 80 14
Liner/FC Systems (Notes 1, 3) Geonet/Smooth Geomembrane 188 11 188 9
Liner/FC Systems (Note 3) 0 13 0 10
Liner/Overliner/FC Systems 100 21 80 10
Liner/FC Systems 100 13 80 8
Liner/FC Systems (Note 2) 200 15 80 10
Liner/Overliner Systems 100 18 80 10

-- --
1000

(Total Only)
0

(Total Only)

1. Interface parameters used for translational block analysis of cell floor.
2. Interface parameters used for translational block analysis of cell sideslope (3H:1V typical).
3. Interface parameters derived from GRI Report #30 (Ref. 5).
4. Total stress values assumed for both rotational and translational anlaysis of final cover conditions.  Effective, peak and residual stresses also analyzed.

Landfill Component

Textured Geomembrane/Geosynthetic Clay Liner

Protective Cover/Geocomposite

Geonet/Textured Geomembrane

Minimum Factor        
of Safety Generated

Recommended Minimum  
Factor of Safety

Peak Residual

Description

Liner/Protective Cover (Note 4) Clay Internal/Protective Cover (Total Stress)

Acceptable Factor of Safety

Adhesion (psf)

Minimum Required Interface Strength Parameters

Slope Designation Method of Analysis

Slope Designation

Factor of Safety Summary for Long-Term Slope Stability

Adhesion 
(psf)

Friction 
Angle 

(degrees)

Acceptable Factor of Safety

Description

Friction Angle 
(degrees)

Rankine-Block

Recommended Minimum  
Factor of Safety

Minimum Factor        
of Safety Generated

Method of Analysis

Rankine-Block

Geocomposite/Textured Geomembrane
Smooth Geomembrane/Clay Liner
Textured Geomembrane/Clay Liner

Rankine-Block
Rankine-Block

Interface

Liner/Overliner/FC Systems

P:\Solid	waste\Allied\Southwest\LSMPA	2024\Part	III\IIIE\
Global	Slope	05‐2024	NOD2	RLSO.xls.xls
Final	Summary  IIIE-A-3-15 Weaver	Consultants	Group,	LLC

Rev. 1, 1/29/2025



IIIE-A-3-222 

ADDITIONAL TRANSITIONAL (BLOCK) STABILITY ANALYSES 
INCORPORATING TOTAL STRESS PARAMETERS
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Prep By:  CCH/BY
Date: 1/29/2025

SOUTHWEST LANDFILL
0120-094-11-107-11
APPENDIX IIIE-A-4

INFINITE SLOPE STABILITY ANALYSIS SUMMARY

Chkd By: DEP
Date: 1/29/2025

Peak Residual Peak Residual Peak Residual Peak Residual Peak Residual

Composite Liner

Protective Cover/Geocomposite 100 80 18 14 2 120 18.43 0 0.00 3.0 1.0 3.3 2.35 1.85 1.5 1.0 YES YES

Geocomposite/Textured Geomembrane 100 80 21 10 2 120 18.43 0 0.00 3.0 1.0 3.3 2.53 1.63 1.5 1.0 YES YES

Textured Geomembrane/Clay Liner 200 80 15 10 2 120 18.43 0 0.00 3.0 1.0 3.3 3.55 1.63 1.5 1.0 YES YES

Clay Liner/Subgrade (Note 1) 200 100 18 12 2 120 18.43 0 0.00 3.0 1.0 3.3 3.72 2.01 1.5 1.0 YES YES

Clay Liner Internal 100 - 16 - 2 120 18.43 0 0.00 3.0 1.0 3.3 2.24 - 1.5 - YES -

Textured Geomembrane / Geosynthetic 
Clay Liner

100 0 18 0 2 120 18.43 0 0.00 3.0 1.0 3.3 2.35 - 1.5 - YES -

Geosynthetic Clay Liner Internal 100 - 24 - 2 120 18.43 0 0.00 3.0 1.0 3.3 2.71 - 1.5 - YES -

Geosynthetic Clay Liner/Subgrade 100 80 25 12 2 120 18.43 0 0.00 3.0 1.0 3.3 2.77 1.74 1.5 1.0 YES YES

Protective Cover/Geocomposite 100 80 18 14 2 120 11.31 0 0.00 5.0 1.0 5.3 3.83 3.01 1.5 1.0 YES YES

Geocomposite/Textured Geomembrane 100 80 21 10 2 120 11.31 0 0.00 5.0 1.0 5.3 4.13 2.65 1.5 1.0 YES YES

Textured Geomembrane/ Geosynthetic 
Clay Liner

100 80 18 10 2 120 11.31 0 0.00 5.0 1.0 5.3 3.83 2.65 1.5 1.0 YES YES

Geosynthetic Clay Liner Internal
100 - 24 - 2 120 11.31 0 0.00 5.0 1.0 5.3 4.43 - 1.5 - YES -

Geosynthetic Clay Liner/Subgrade 100 100 25 12 2 120 11.31 0 0.00 5.0 1.0 5.3 4.54 3.27 1.5 1.0 YES YES

Notes

1. Clay liner to subgrade interface assumes that clay is founded on granular or sandy soils.  In the event clay liner is founded on predominantly clayey soil, the interface for infinite slope stability analysis would be represented by the "Clay Liner Internal" analysis above.

Factor of Safety 
Generated

Recommended 
Minimum Factor of 

SafetyComponent/Interface

Strength Parameters

H          
(ft)


(pcf)


(deg)

T          
(ft)

ru b A B

Acceptable Factor of 
SafetyCohesion/Adhesion      

(psf)
Friction Angle           

(deg)

Liner System (3H:1V Maximum Slope)

Overliner System (25 Percent Maximum Slope)
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Appendix IIIB

IIIB-9

Table 2-2 
Chemical Constituent Concentrations in Leachate 

Constituent 

MCL Listed 
in 

§330.331(a)
(1) 

(mg/l) 

Site Specific 
Leachate 
Quality1, 3 

(mg/l) 

Leachate 
Quality 

Information 
Historically 

Used for POC 
Demonstrations 
in Texas (mg/l) 

DAF Range 
(from Site 

Specific Data 
to Historically 
Used Data)4 

Arsenic 0.05 0.0855 5.0 <1 to 100 
Barium 1.0 7.450 100.0 7.45 to 100 
Benzene2 0.005 0.0025 0.814 <1 to 163 
Cadmium2 0.01 0.0001 1.0 <1 to 100 
Carbon tetrachloride2 0.005 0.0025 0.5 <1 to 100 
Chromium (hexavalent) 0.05 0.0126 5.0 <1 to 100 
2,4-Dichlorophenoxy acetic acid2 0.1 0.0005 10.0 <1 to 100 
1,4-Dichlorobenzene2 0.075 0.0025 7.5 <1 to 100 
1,2-Dichloroethane2 0.005 0.0025 0.5 <1 to 100 
1,1-Dichloroethylene2 0.007 0.0025 0.7 <1 to 100 
Endrin2 0.0002 0.00005 0.05 <1 to 250 
Fluoride 4 0.94 <1 
Lindane2 0.004 0.000025 0.4 <1 to 100 
Lead2 0.05 0.0025 5.0 <1 to 100 
Mercury2 0.002 0.0001 0.2 <1 to 100 
Methoxychlor2 0.1 0.00025 <1 
Nitrate2 10 0.00005 <1 
Selenium2 0.01 0.0005 1.0 <1 to 100 
Silver2 0.05 0.00025 5.0 <1 to 100 
Toxaphene2 0.005 0.0005 0.5 <1 to 100 
1,1,1-Trichloroethane2 0.2 0.0025 <1 
Trichloroethylene 0.005 0.0025 1.3 <1 to 260 
2,4,5-Trichlorophenoxy acetic 
acid2 

0.01 0.0005 1.0 1 to 100 

Vinyl Chloride2 0.002 0.001 0.2 <1 to 100 
1 Leachate concentrations obtained from historical leachate samples provided by the site.  
2 For constituents not detected at reporting limits, one-half of the reporting limit is listed. 
3 The constituents represent the highest values reported from laboratory testing from a leachate sample in June 2017 from 

the shared sump in Sectors 7 and 10 and annual historical leachate sampling for constituents tested.  
4 This column illustrates the range of DAFs needed for each constituent. 
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IIIB-22 

Table 4-1 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 
the POC due to 

Estimated 
Leachate 

Percolation) 

= CO
2  /  DAF3 

(mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC 
< MCL 

Arsenic 0.0056 6.81E-06 = 0.0855 / 12,552 0.0056 0.05 Yes 
Barium 0.07 1.16E-04 = 7.450 / 12,552 0.07 1.0 Yes 
Benzene 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.005 Yes 
Cadmium 0.001 7.97E-09 = 0.0001 / 12,552 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 1.99E-07 = 0.0025 / 12,552 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 1.0E-06 = 0.0126 / 12,552 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 3.98E-08 = 0.0005 / 12,552 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 1.99E-07 = 0.0025 / 12,552 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 1.99E-07 = 0.0025 / 12,552 0.0014 0.007 Yes 
Endrin 0.00005 3.98E-09 = 0.00005 / 12,552 0.0001 0.0002 Yes 
Fluoride 3.85 7.49E-05 = 0.94 / 12,552 3.85 4 Yes 
Lindane 0.0005 1.99E-09 = 0.000025 / 12,552 0.0005 0.004 Yes 
Lead 0.0075 1.99E-07 = 0.0025 / 12,552 0.0075 0.05 Yes 
Mercury 0.0001 7.97E-09 = 0.0001 / 12,552 0.0001 0.002 Yes 
Methoxychlor 0.00025 1.99E-08 = 0.00025 / 12,552 0.0003 0.1 Yes 
Nitrate 3.6 3.98E-09 = 0.00005 / 12,552 3.6 10 Yes 
Selenium 0.005 3.98E-08 = 0.0005 / 12,552 0.005 0.01 Yes 
Silver 0.005 1.99E-08 = 0.00025 / 12,552 0.005 0.05 Yes 
Toxaphene 0.0005 3.98E-08 = 0.0005 / 12,552 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 1.99E-07 = 0.0025 / 12,552 0.0005 0.2 Yes 
Trichloroethylene 0.0025 1.99E-07 = 0.0025 / 12,552 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 3.98E-08 = 0.0005 / 12,552 0.0005 0.01 Yes 
Vinyl Chloride 0.001 7.97E-08 = 0.001 / 12,552 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 3-7.
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Table 4-2 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration
1

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 
= CO

2         /    DAF3 
(mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC 
< MCL 

Arsenic 0.0056 4.0E-04 = 5.0 /12,552 0.006 0.05 Yes 
Barium 0.07 8.0E-03 = 100.0 /12,552 0.078 1.0 Yes 
Benzene 0.0005 6.5E-05 = 0.814 /12,552 0.001 0.005 Yes 
Cadmium 0.001 8.0E-05 = 1.0 /12,552 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 4.0E-05 = 0.5 /12,552 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 4.0E-04 = 5.0 /12,552 0.010 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 8.0E-04 = 10.0 /12,552 0.091 0.1 Yes 
1,4-Dichlorobenzene 0.001 6.0E-04 = 7.5 /12,552 0.002 0.075 Yes 
1,2-Dichloroethane 0.0005 4.0E-05 = 0.5 /12,552 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 5.6E-05 = 0.7 /12,552 0.001 0.007 Yes 
Endrin 0.00005 4.0E-06 = 0.05 /12,552 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /12,552 -- 4 -- 
Lindane 0.0005 3.2E-05 = 0.4 /12,552 0.001 0.004 Yes 
Lead 0.0075 4.0E-04 = 5.0 /12,552 0.008 0.05 Yes 
Mercury 0.0001 1.6E-05 = 0.2 /12,552 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /12,552 -- 0.1 -- 
Nitrate4 3.6 -- = -- /12,552 -- 10 -- 
Selenium 0.005 8.0E-05 = 1.0 /12,552 0.005 0.01 Yes 
Silver 0.005 4.0E-04 = 5.0 /12,552 0.005 0.05 Yes 
Toxaphene 0.0005 4.0E-05 = 0.5 /12,552 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /12,552 -- 0.2 -- 
Trichloroethylene 0.0025 1.0E-04 = 1.3 /12,552 0.003 0.005 Yes 

2,4,5-Trichlorophenoxy acetic acid 0.0005 8.0E-05 = 1.0 /12,552 0.001 0.01 Yes 
Vinyl Chloride 0.001 1.6E-05 = 0.2 /12,552 0.001 0.002 Yes 
1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 3-7. 
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Table 5-1 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at the 

POC due to 
Estimated Leachate 

Percolation) 

=  CO
2            /    DAF3 

 (mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at 
POC < MCL 

Arsenic 0.0056 8.81E-06 = 0.0855 /   9,702 0.0056 0.05 Yes 
Barium 0.07 7.68E-04 = 7.450 /   9,702 0.07 1.0 Yes 
Benzene 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.005 Yes 
Cadmium 0.001 1.03E-08 = 0.0001 /   9,702 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 2.58E-07 = 0.0025 /   9,702 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 1.30E-06 = 0.0126 /   9,702 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 5.15E-08 = 0.0005 /   9,702 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 2.58E-07 = 0.0025 /   9,702 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 2.58E-07 = 0.0025 /   9,702 0.0014 0.007 Yes 
Endrin 0.00005 5.15E-09 = 0.00005 /   9,702 0.0001 0.0002 Yes 
Fluoride 3.85 9.69E-05 = 0.94 /   9,702 3.85 4 Yes 
Lindane 0.0005 2.58E-09 = 0.000025 /   9,702 0.0005 0.004 Yes 
Lead 0.0075 2.58E-07 = 0.0025 /   9,702 0.0075 0.05 Yes 
Mercury 0.0001 1.03E-08 = 0.0001 /   9,702 0.0001 0.002 Yes 
Methoxychlor 0.00025 2.58E-08 = 0.00025 /   9,702 0.0003 0.1 Yes 
Nitrate 3.6 5.15E-09 = 0.00005 /   9,702 3.6 10 Yes 
Selenium 0.005 5.15E-08 = 0.0005 /   9,702 0.005 0.01 Yes 
Silver 0.005 2.58E-08 = 0.00025 /   9,702 0.005 0.05 Yes 
Toxaphene 0.0005 5.15E-08 = 0.0005 /   9,702 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 2.58E-07 = 0.0025 /   9,702 0.0005 0.2 Yes 
Trichloroethylene 0.0025 2.58E-07 = 0.0025 /   9,702 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 5.15E-08 = 0.0005 /   9,702 0.0005 0.01 Yes 
Vinyl Chloride 0.001 1.03E-07 = 0.001 /   9,702 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 3 in Appendix IIIB-C.
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Table 5-2 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration1 
(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 

=  CO
2  /   DAF3 
 (mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) Listed 
in §330.331(a)(1) 

CT at POC 
< MCL 

Arsenic 0.0056 5.2E-04 = 5.0 /   9,702 0.006 0.05 Yes 
Barium 0.07 1.0E-02 = 100.0 /   9,702 0.080 1.0 Yes 
Benzene 0.0005 8.4E-05 = 0.814 /   9,702 0.001 0.005 Yes 
Cadmium 0.001 1.0E-04 = 1.0 /   9,702 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 5.2E-05 = 0.5 /   9,702 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 5.2E-04 = 5.0 /   9,702 0.011 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 1.0E-03 = 10.0 /   9,702 0.091 0.1 Yes 
1,4-Dichlorobenzene 0.001 7.7E-04 = 7.5 /   9,702 0.002 0.075 Yes 
1,2-Dichloroethane 0.0005 5.2E-05 = 0.5 /   9,702 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 7.2E-05 = 0.7 /   9,702 0.001 0.007 Yes 
Endrin 0.00005 5.2E-06 = 0.05 /   9,702 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /   9,702 -- 4 -- 
Lindane 0.0005 4.1E-05 = 0.4 /   9,702 0.001 0.004 Yes 
Lead 0.0075 5.2E-04 = 5.0 /   9,702 0.008 0.05 Yes 
Mercury 0.0001 2.1E-05 = 0.2 /   9,702 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /   9,702 -- 0.1 -- 
Nitrate4 3.6 -- = -- /   9,702 -- 10 -- 
Selenium 0.005 1.0E-04 = 1.0 /   9,702 0.005 0.01 Yes 
Silver 0.005 5.2E-04 = 5.0 /   9,702 0.006 0.05 Yes 
Toxaphene 0.0005 5.2E-05 = 0.5 /   9,702 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /   9,702 -- 0.2 -- 
Trichloroethylene 0.0025 1.3E-04 = 1.3 /   9,702 0.003 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 1.0E-04 = 1.0 /   9,702 0.001 0.01 Yes 
Vinyl Chloride 0.001 2.1E-05 = 0.2 /  9,702 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 3 in Appendix IIIB-C. 
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Table 6-3 
Summary of Constituent Levels at the POC 

(Using Site Specific Leachate Data) 

Constituent 
CBG, Background 
Concentration1 

(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at the 

POC due to 
Estimated Leachate 

Percolation) 

=  CO
2  /    DAF3 

 (mg/l) 

CBG + CP = CT 
at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at 
POC < MCL 

Arsenic 0.0056 2.3E-05 = 0.0855 / 3,656 0.0056 0.05 Yes 
Barium 0.07 2.0E-03 = 7.450 / 3,656 0.07 1.0 Yes 
Benzene 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.005 Yes 
Cadmium 0.001 2.7E-08 = 0.0001 / 3,656 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 6.8E-07 = 0.0025 / 3,656 0.0025 0.005 Yes 
Chromium (hexavalent) 0.010 3.4E-06 = 0.0126 / 3,656 0.01 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 1.4E-07 = 0.0005 / 3,656 0.09 0.1 Yes 
1,4-Dichlorobenzene 0.001 6.8E-07 = 0.0025 / 3,656 0.001 0.075 Yes 
1,2-Dichloroethane 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.005 Yes 
1,1-Dichloroethylene 0.0014 6.8E-07 = 0.0025 / 3,656 0.0014 0.007 Yes 
Endrin 0.00005 1.4E-08 = 0.00005 / 3,656 0.0001 0.0002 Yes 
Fluoride 3.85 2.6E-04 = 0.94 / 3,656 3.85 4 Yes 
Lindane 0.0005 6.8E-09 = 0.000025 / 3,656 0.0005 0.004 Yes 
Lead 0.0075 6.8E-07 = 0.0025 / 3,656 0.0075 0.05 Yes 
Mercury 0.0001 2.7E-08 = 0.0001 / 3,656 0.0001 0.002 Yes 
Methoxychlor 0.00025 6.8E-08 = 0.00025 / 3,656 0.0003 0.1 Yes 
Nitrate 3.6 1.4E-08 = 0.00005 / 3,656 3.6 10 Yes 
Selenium 0.005 1.4E-07 = 0.0005 / 3,656 0.005 0.01 Yes 
Silver 0.005 6.8E-08 = 0.00025 / 3,656 0.005 0.05 Yes 
Toxaphene 0.0005 1.4E-07 = 0.0005 / 3,656 0.0005 0.005 Yes 
1,1,1-Trichloroethane 0.0005 6.8E-07 = 0.0025 / 3,656 0.0005 0.2 Yes 
Trichloroethylene 0.0025 6.8E-07 = 0.0025 / 3,656 0.0025 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 1.4E-07 = 0.0005 / 3,656 0.0005 0.01 Yes 
Vinyl Chloride 0.001 2.7E-07 = 0.001 / 3,656 0.001 0.002 Yes 

1 Background concentrations have been obtained from Table 1-1. 
2 Leachate concentrations (CO, Site Specific Concentrations) represent levels obtained from the leachate sample analysis results provided in Table 2-2. 
3 DAF value for Case II presented on Figure 6 in Appendix IIIB-D.
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Table 6-4 
Summary of Constituent Levels at the POC 

(Using Historical Guidance Information) 

Constituent 

CBG, 
Background 

Concentration1 
(mg/l) 

CP (mg/l) 

(Constituent 
Concentration at 

the POC) 

=  CO
2  /   DAF3 
 (mg/l) 

CBG + CP = CT
2

at POC 
(mg/l) 

MCL (mg/l) 
Listed in 

§330.331(a)(1)

CT at POC < 
MCL 

Arsenic 0.0056 1.4E-03 = 5.0 /   3,656 0.007 0.05 Yes 
Barium 0.07 2.7E-02 = 100.0 /   3,656 0.097 1.0 Yes 
Benzene 0.0005 2.2E-04 = 0.814 /   3,656 0.001 0.005 Yes 
Cadmium 0.001 2.7E-04 = 1.0 /   3,656 0.001 0.01 Yes 
Carbon tetrachloride 0.0025 1.4E-04 = 0.5 /   3,656 0.003 0.005 Yes 
Chromium (hexavalent) 0.010 1.4E-03 = 5.0 /   3,656 0.011 0.05 Yes 
2,4-Dichlorophenoxy acetic acid 0.09 2.7E-03 = 10.0 /   3,656 0.093 0.1 Yes 
1,4-Dichlorobenzene 0.001 2.1E-03 = 7.5 /   3,656 0.003 0.075 Yes 
1,2-Dichloroethane 0.0005 1.4E-04 = 0.5 /   3,656 0.001 0.005 Yes 
1-1-Dichloroethylene 0.0014 1.9E-04 = 0.7 /   3,656 0.002 0.007 Yes 
Endrin 0.00005 1.4E-05 = 0.1 /   3,656 0.000 0.0002 Yes 
Fluoride 3.85 -- = -- /   3,656 -- 4 -- 
Lindane 0.0005 1.1E-04 = 0.4 /   3,656 0.001 0.004 Yes 
Lead 0.0075 1.4E-03 = 5.0 /   3,656 0.009 0.05 Yes 
Mercury 0.0001 5.5E-05 = 0.2 /   3,656 0.000 0.002 Yes 
Methoxychlor4 0.00025 -- = -- /   3,656 -- 0.1 -- 
Nitrate4 3.6 -- = -- /   3,656 -- 10 -- 
Selenium 0.005 2.7E-04 = 1.0 /   3,656 0.005 0.01 Yes 
Silver 0.005 1.4E-03 = 5.0 /   3,656 0.006 0.05 Yes 
Toxaphene 0.0005 1.4E-04 = 0.5 /   3,656 0.001 0.005 Yes 
1,1,1-Trichloroethane4 0.0005 -- = -- /   3,656 -- 0.2 -- 
Trichloroethylene 0.0025 3.6E-04 = 1.3 /   3,656 0.003 0.005 Yes 
2,4,5-Trichlorophenoxy acetic acid 0.0005 2.7E-04 = 1.0 /   3,656 0.001 0.01 Yes 
Vinyl Chloride 0.001 5.5E-05 = 0.2 /   3,656 0.001 0.002 Yes 
1 Background concentrations have been obtained from Table 1-1. 
2 CP represents chemical concentrations estimated by the fate and transport model or the POC.  Initial concentrations, CO, has been reproduced from historical standard information utilized by 

TCEQ as discussed in Section 1.3.  Total concentration for each constituent at the POC is the sum of CP and the background concentration, CBG. 
3 DAF value for Case II presented on Figure 6 in Appendix IIIB-D. 
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ADDITIONAL DEMONSTRATIONS 

The purpose of modeling the following additional demonstrations is to evaluate the 
alternative liner POC demonstrations shown in Figures 3 through 6 under various 
conditions, that includes varying groundwater gradients, minimum and maximum 
observed hydraulic conductivities, and assuming that the alternative liner leachate 
collection system does not function as designed allowing a buildup of 12 inches of 
head on the liner system. 

Groundwater Gradients Demonstration 

The groundwater elevation maps from the semi-annual groundwater reports, 
provided by Hydrex Environmental from June 2020 through June 2024, were 
analyzed to assess changes in groundwater gradients over time. The groundwater 
gradients vary from 0.0053 ft/ft to 0.0056 ft/ft along Section A, which is shown on 
Figure 3-2 in Appendix IIIB. The Case III model presented on Figure 5 in Appendix 
IIIB-D was chosen for this evaluation as the demonstration represents the lowest 
DAF under expected groundwater flow conditions (i.e., groundwater flow toward 
north). Case III was run with a gradient of 0.0058 which represents the maximum 
gradient observed. An additional run with a gradient of 0.0052 was run to represent 
the minimum gradient. The results are presented in Table 1 below which show the 
design is complainant with §330.311(a)(1). 

Table 1 
Groundwater Gradients Demonstration Results 

Case Groundwater Gradient 
(ft/ft) Calculated DAF1 

Minimum 
Required 

DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case III 
0.0058 16,031 260 Yes 

0.0052 12,704 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 

Additionally, the Case IV model presented on Figure 6 in Appendix IIID artificially 
reverses the groundwater flow to the south using a conservative gradient of 0.0029. 
This condition results in a DAF of 3,656 which is presented on Figure 6 in Appendix 
IIIB-D. 
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Hydraulic Conductivity Demonstration 

The minimum and maximum observed hydraulic conductivities in Stratum II were 
analyzed to assess the impacts of hydraulic conductivity on the modeled 
concentrations. As shown in Tables 4-3 and 4-4 in Appendix IIIG, the maximum 
hydraulic conductivity is 2.08x10-3 cm/s while the minimum is 2.45x10-5 cm/s 
within Stratum II. Case III, presented in Figure 5 in Appendix IIIB-D, was chosen for 
this evaluation. The results are presented in Table 2 below which show the design is 
complainant with §330.311(a)(1). 

Table 2 
Minimum and Maximum observed Hydraulic conductivity 

Demonstration Results 

Case 
Hydraulic 

Conductivity 
(cm/sec) 

Calculated DAF1 Minimum 
Required DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case III 
2.08x10-3 16,031 260 Yes 

2.45x10-5 20,666 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 

Non-functioning Leachate Collection System Demonstration 

This demonstration modifies Case IV in Appendix IIIB-D to assume that the 
alternative liner leachate collection system does not function as designed and allows 
a buildup of 12 inches of head on the alternative liner and overliner systems, which 
will increase the percolation rate in these areas. The assumed leakage through the 
overliner calculations on Page IIIB-C-1 was applied to the alternative liner areas. 
The calculation assumes 12 inches of head on the liner and 4 defects per acre for a 
resulting percolation of 0.066 mm/yr. The results are presented in Table 3 below 
which show the design is complainant with §330.311(a)(1). 

Table 3 
Non-functioning Leachate Collection System Demonstration Results 

Case Percolation2 
(mm/yr) Calculated DAF1 Minimum 

Required DAF 

Design 
Compliant 

with 
§330.331(a)(1)

Case IV 0.066 1,466 260 Yes 
1 For each model, the groundwater well with the lowest calculated DAF is shown in the table. 
2 The percolation is applied to both overliner and alternative liner areas. 

Summary 

Therefore, the demonstration supports the fact that the site design is in compliance 
with the POC requirements specified in Title 30 TAC §330.331. 
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2. Simplified Bishop Method – This method uses the method of slices to
discretize the soil mass for determining the factor of safety.

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

The stability analysis has been developed using demonstrations showing that, for 
each analyzed section, the forces resisting movement of the slopes are higher than 
the forces that potentially create movement.  Therefore, the ratio of forces resisting 
movement to the forces potentially creating movement is defined as the factor of 
safety (FS).  When the FS is equal to or greater than 1.0, it means that the slope is 
stable.  In the slope stability analysis a factor of safety greater than 1.0 is desired. 
The FS value is increased for the increased uncertainty for the system analyzed.  A 
factor of safety of 1.5 has been used for slopes that will stay in place long term, 
including interim and final cover configurations subjected to effective (rotational 
failure) and peak (translational or block failure) conditions.  A factor of safety of 1.3 
is acceptable for total stress conditions that will be in place for a short period of 
time such that pore pressures cannot fully dissipate and including both interim and 
final conditions.  A factor of safety of 1.1 is acceptable for analyses performed 
incorporating residual stress. 

5.2  Sections Selected for Analysis 

Slope stability analyses were performed on critical sections to evaluate the stability 
of the excavation, interim fill, overliner, and final cover configuration slopes.  The 
geometries of the slopes analyzed were determined by reviewing the proposed 
excavation plan and final contour plan.  The evaluation locations were selected to 
analyze critical slopes consisting of profiles that include the landfill configuration as 
well as natural materials at the toe and below the landfill excavation.  The interim 
fill slope was analyzed using an assumed profile as discussed in Section 4.3.  Figures 
showing the location of the cross sections are included in Appendix IIIE-A (refer to 
Appendix IIIE-A-1 for the excavation slope stability analysis, Appendix IIIE-A-2 for 
the interim condition slope stability analysis, and Appendix IIIE-A-3 for the final 
landfill slopes stability analysis, including overliner stability analysis). 

5.3  Configurations Analyzed 

The excavation, interim, overliner, and final landfill configurations were modeled to 
represent critical slope conditions, and the analysis was performed using circular 
and block failure surfaces.  The maximum final fill and overliner slopes will be 4 
horizontal to 1 vertical (4H:1V), while interim slopes, liner slopes, and excavation 
slopes will be as steep as 3H:1V.  The excavation, liner, and interim fill slopes were 
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analyzed with a slope angle of 3H:1V and a 4H:1V final side slope was used to 
evaluate final cover and overliner.  A copy of the top of liner plan and final 
completion plan showing the locations of the cross sections selected for analysis are 
included in Appendix IIIE-A.  Additionally, the configurations analyzed are 
graphically illustrated in Appendix IIIE-A.  The interim condition was analyzed 
considering a 3H:1V slope with a horizontal length of approximately 575 feet.  If the 
horizontal length of actual interim slopes longer than 575 feet is developed during 
site operations, an additional analysis will be completed at that time and maintained 
in the Site Operating Record.	

5.4  Input Parameters 

The cross sections for slope stability analysis were developed from the proposed 
excavation plan and the landfill completion plan (see Drawings A.1 and A.5 in 
Appendix IIIA-A – Liner, Overliner, and Final Cover System Details).  The soil 
parameters were selected based on a review of the boring logs and laboratory test 
results from the subsurface investigation studies at the site and upon engineering 
judgment and experience with similar materials.  The groundwater surface 
indicated in the analysis is obtained from Appendix IIIG-Geology Report (Figure 
IIIG-D-14) and represents the highest measured groundwater levels.  Table 5-1 
summarizes the unit weights and strength parameters used for the stability 
analyses for the evaluated landfill slopes (excavation, interim, overliner, and final 
cover slopes).   
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Table 5‐1 (Continued) 
Summary of Material Weight and Strength Parameters Used in the Slope Stability Analysis 

Strength Parameters Comments 

Solid Waste  See comments listed under Solid Waste above. 
Material Strength Parameters Interface Strength Parameters 

Cohesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Unit 
Weight 
(lb/ft3) 

Adhesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

288 23 59 
Interface strength parameters are not 
applicable to the solid waste layer 
because the interface between the waste 
and final cover and overliner systems is 
not a critical interface. 

Liner System  The liner system includes a 2-foot-thick compacted clay (compacted clay is 3 feet thick for the Class 1 liner) layer, 60-mil geomembrane (smooth 
geomembrane on the floor of the landfill and textured on the 3H:1V sideslopes), drainage geocomposite (single-sided on floor grades and double-sided on 
3H:IV sideslopes), and a 2-foot-thick protective cover soil layer.  This system is modeled as two layers for the global stability analysis:  the 3-foot-thick 
compacted clay liner and the soil protective cover.  In addition, both a translational and an infinite stability analysis were performed to establish the minimum 
interface strength requirements for each layer of the liner system.  The minimum interface strength requirements are specified in Appendix IIID. 

For the rotational global stability analysis, the liner system is modeled as two layers:  the compacted clay liner and the soil protective cover layer.  The two 
geosynthetic layers are not included in the global analysis because they provide a negligible contribution to the forces that are resisting movement.  The 
strength values selected for the liner system represent strength values typically used in the industry and these same strength values have been used in 
various permit applications approved by TCEQ.  Duncan and Wright (2005) provides a comprehensive discussion regarding strength parameters for a liner 
system.  In Chapter 5 – Shear Strengths of Soil and Municipal Solid Waste, a significant amount of data are presented and evaluated for compacted clay liners. 
The results indicate that the lowest cohesion value for compacted cohesive soils is 9 kPa (187 lb/ft2) and the lowest reported friction angle value is 19 
degrees.  Therefore, selected values of 100 lb/ft2 for cohesion and 16 degrees of friction angle conservatively represent the liner system.  Soil properties used 
in the slope stability analysis are subject to verification at the time of each liner construction.  Section 2.4.3 in Appendix IIID – LQCP includes the material 
strength tests required for soil used for liner construction.  Protective cover and compacted clay liner soil unit weight values are based on experience with 
liner system construction.  The global stability analysis is included in Appendices IIIE-A-1 and IIIE-A-3. 

The interface slope stability analysis, which is performed using an infinite slope stability analysis procedure by Duncan, Buchianani, and De Wet for the liner 
system, was developed to show that certain landfill components that are placed on top of each other, such as a geomembrane and compacted clay layer will 
not experience sliding failure due to the lack of strength between these components.  The interface strength values presented in this table represent 
compacted clay liner internal on the sideslopes, and smooth geomembrane and compacted clay liner interface on floor grades.  These strength values 
represent the interfaces with the lowest strength at the floor and sideslopes (refer to Appendix IIIE-A-4 for the complete evaluation of interfaces that will 
occur for the liner system 3H:1V sideslope and the bottom liner interface strength value is obtained from the document referenced in this paragraph).  The 
strength parameters were developed using materials from Geosynthetic Research Institute (GRI) publications (e.g., “Direct Shear Database of Geosynthetic-to-
Geosynthetic and Geosynthetic-to-Soil Interfaces” by George R. Koerner, GRI, Folsom, PA, June 14, 2005).  Although the strength parameters (i.e., adhesion and 
interface friction) used for the application were selected based on published data, it should be noted that these strength parameters will also be tested and 
verified at the time of each liner construction event to ensure that the as-built strength parameters meet or exceed the strength parameters used for the 
design (refer to Appendix IIID).  As noted in Appendix IIID, Table 6-1, the strength parameters listed are for the interfaces with the lowest strength 
parameters to provide for a conservative design. 

The translational slope stability analysis was performed using simplified Janbu Method using the Rankine Blocks.  This analysis is similar to the interface 
slope stability analysis discussed above.  The purpose of this analysis is to test the critical interfaces under a variety of loading conditions (refer to Appendices 
IIIE-A-1, IIIE-A-2, and IIIE-A-3 for more information – i.e., the loading conditions reflect different landfill configurations).  XSTABL is also used for this 
analysis.  However, for the translational analysis, the liner system strength parameters are modified to reflect the interface strength parameters.  The 
translational stability analysis uses modified liner system strength parameters to reflect the interface strength parameters.  As noted above, these strength 
parameters will also be tested and verified at the time of each liner construction event to ensure that the as-built strength parameters meet or exceed the 
strength parameters used for the design. 

Material Strength Parameters Interface Strength Parameters 

Cohesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Unit 
Weight 
(lb/ft3) 

Adhesion 
(lb/ft2) 

Friction 
Angle 

(degrees) 

Protective Cover 

 Effective Stress 

 Total Stress 

Liner System (Typical) 

 Effective Stress 

 Total Stress 

Liner System 
(Translational Block 
Analysis) 

100 

1,000 

100 

1,000 

16 

0 

16 

0 

120 

120 

Floor Grades 

3H:1V 
Sideslope 

Peak Stress 

Floor  Grades 

3H:1V 
Sideslope 

Residual Stress 

Floor Grades 

3H:1V 
Sideslope 

Total Stress 

Floor Grades 

3H:1V 
Sideslope 

0 

100 

188 

200 

188 

80 

1000 

1000 

22 

16 

11 

15 

9 

10 

0 

0 

1 Liners on the sideslopes and floor grades are listed separately due to different strength characteristics for clay/smooth geomembrane and clay/textured geomembrane interfaces.  The overliner was modeled with clay/textured geomembrane interface for sideslope and top deck areas. 
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Table 5‐3 
Summary of Slope Stability Analysis for 

Intermediate Cover Slopes 

Slope Designation 
Method of 
Analysis 

Minimum Factor 
of Safety 

Generated1, 2

Factor of Safety 
Acceptable 

Peak / Effective 
Stress 

Residual / Total 
Stress 

Peak / 
Effective 

Residual / 
Total 

1.5 1.1/1.3 

Interim Fill Slope A-1 Bishop-Circular 1.60 (effect) 1.56 (total) YES YES 

Interim Fill Slope A-2 Rankine-Block 1.53 (peak) 1.44 (residual) YES YES 
Interim Fill Slope A-2 Rankine-Block -- 1.30 (total) YES YES 
1 Factor of Safety for temporary slopes is 1.5. 

2 Block analysis performed for peak and residual stresses. 
3 Recommended Minimum Factor of Safety for stability analysis using peak stress is 1.5 and residual stress is 1.1. 
4 Interim slope stability analyses were developed for the 2025 LSMPA to incorporate a revised maximum horizontal length of slope of 

575 feet at a 3H:1V maximum outer slope.  

Computer-generated slope stability analysis output is included in Appendix IIIE-A. 
As shown in Table 5-2, the minimum calculated factor of safety for excavation, liner, 
and interim slopes is 1.56, which is an acceptable factor of safety recommended for 
short-term slope stability.  Long-term landfill slope stability has been estimated for 
the closed (final cover and overliner) condition.  The minimum calculated factor of 
safety for the closed condition is 1.61, which is higher than the recommended factor 
of safety of 1.5 for long-term slope stability.	

5.5.2  Infinite Slope Stability Analysis 

Infinite slope stability analysis for the liner and final cover systems has been 
included in this design in addition to block method analysis (i.e., Rankine Block) 
discussed in the previous section.  The infinite liner and overliner stability analyses 
address anchor trench design, stability of cover and drainage material on anchored 
geosynthetics, and shear forces within the liner system.  The infinite final cover 
slope stability analysis addresses the shear forces within the final cover system. 
These calculations are presented in Appendix IIIE-A-4.  As demonstrated in 
Appendix IIIE-A-4, the liner and cover systems are structurally stable using the 
strength parameters, which will be verified during each construction event.  Prior to 
each construction event for liner, overliner, and final cover, the POR will perform 
interface strength testing using the actual material that will be used for each 
construction event. 
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Table 5‐4 
Summary of Slope Stability Analysis 
for the Final Landfill Configuration 

Slope Designation 
Method of 
Analysis 

Minimum Factor of Safety 
Generated1,2 Acceptable Factor 

of Safety  
Total / 
Effective  
Stress 

Residual /  
Total Stress 

Peak / 
Effective 

Residual / 
Total 

Final Cover Slope A-1 Bishop-Circular 2.43 (effect) 2.38 (total) YES YES 
Final Cover Slope A-2 Rankine-Block-3 2.23 (peak) 2.09 (residual) YES YES 
Final Cover Slope A-2 Rankine-Block-3 -- 2.05 (total) YES YES
Final Cover Slope B-1 Bishop-Circular 2.26 (effect) 2.27 (total) YES YES 
Final Cover Slope B-2 Rankine-Block 2.67 (peak) 2.55 (residual) YES YES 
Final Cover Slope B-2 Rankine-Block -- 2.81 (total) YES YES 
Final Cover Slope C-1 Bishop-Circular 2.62 (effect) 2.69 (total) YES YES 
Final Cover Slope C-2 Rankine-Block 4.05 (peak) 3.96 (residual) YES YES 
Final Cover Slope C-2 Rankine-Block -- 3.86 (total) YES YES 
Final Cover Slope D-1 Bishop-Circular 2.62 (effect) 2.71 (total) YES YES 
Final Cover Slope D-2 Rankine-Block 3.1 (peak) 2.71 (residual) YES YES 
Final Cover Slope D-2 Rankine-Block -- 2.79 (total) YES YES 
Overliner Slope A-1 Bishop-Circular 2.61 (effect) 2.71 (total) YES YES 
Overliner Slope A-2 Rankine-Block 2.17 (peak) 1.72 (residual) YES YES 
Overliner Slope A-2 Rankine-Block -- 2.39 (total) YES YES 
Overliner Slope B-1 Bishop-Circular 2.35 (effect) 2.35 (total) YES YES 
Overliner Slope B-2 Rankine-Block 3.27 (peak) 3.06 (residual) YES YES 
Overliner Slope B-2 Rankine-Block -- 3.49 (total) YES YES 
Overliner Slope C-1 Bishop-Circular 2.55 (effect) 2.56 (total) YES YES 
Overliner Slope C-2 Rankine-Block 2.05(residual) 1.61 (residual) YES YES 
Overliner Slope C-2 Rankine-Block -- 2.26 (total) YES YES 
Overliner Slope D-1 Rankine-Block 6.19 (residual) 4.41 (residual) YES YES 
Overliner Slope D-1 Rankine-Block -- 15.5 (total) YES YES 

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

2 Recommended Minimum Factor of Safety for stability analysis using peak stress is 1.5 and residual stress is 1.1. 
3 Rankine Block analysis uses interface strength values where applicable. 
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SOUTHWEST LANDFILL
0120-094-11-107-01

APPENDIX IIIE-A-2
INTERIM SLOPE STABILITY ANALYSIS

Chkd By: DEP
Date: 1/29/2025

Derivation of Slope Stability Parameters:

Laboratory testing data are provided in Appendix IIIE-C.  The following includes material strength properties based on
the laboratory testing results from each subsurface unit.

Moist Saturated
Unit Weight Unit Weight

(pcf) (pcf)

122.5 --
121.9 --
122.5 127.0
138.4 139.0

The strength parameters for the in-situ soils were selected based on the following:

Stratum I (Clay and Caliche)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction Angle

100 26.0 100 27.1

Stratum II (Sand)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction Angle

1620 
(total)

40.9 
(total)

3020 
(effective)

35.0 
(effective)

900 
(residual)

26.9
(residual)

1200 (peak)
26.7 

(peak)

Stratum III (Shale)

100 26 100 27.1

100 26 100 27.1

1,200 26.7 1,200 26.7

500 33 5,000 0

Slope stability strength parameters for constructed soil materials were selected as follows based on engineering 
judgment. Prior to construction, laboratory tests will be performed to verify the assumed strength parameter values 
using project-specific soil materials. If test results differ from the assumed values, this analysis will be updated 
for acceptable factor of safety values.

Moist Unit 
Weight Cohesion 

(pcf)  (psf)

Clay Liner(1) 120 100

Protective Cover 120 100

Material

Stratum I (Clay)
Stratum I (Caliche)

Stratum II (Sand)
Stratum III (Shale)

A triaxial shear tests was performed on Stratum I samples which resulted in cohesion and friction angle values listed in the table below. The 
values in the table will be used for both Clay and Caliche. Moist unit weight and saturated unit weight values are calculated from the dry unit 
weight, the moisture content, and the void ratio obtained from the triaxial shear test. These unit weight values conservatively compare to the 
average obtained from all laboratory testing performed on the material.

Total Stress Effective Stress

Effective Stress Total Stress

Triaxial Shear Test G-5

Triaxial shear tests and direct shear tests were performed on the Stratum II (sand) samples which resulted in cohesion and friction angle values 
listed in the table below. Stratum II is modeled using a cohesion of 1,200 psf and a friction angle of 26.7° conservatively. Moist unit weight 
values are calculated from each pair of moisture content and dry unit weight obtained from all laboratory testing performed on the material.  
These moist unit weight values were then averaged and this value is used in the slope stability analysis.

Cohesion 
(psf)

Friction 
Angle 

(degrees)

16

16

Cohesion 
(psf)

Friction Angle 
(degrees)

1. A cohesion of 100 psf and internal friction angle of 16 degrees (effective stress) and a cohesion of 1,000 psf and internal friction angle of 0 
degrees (total stress) is used for the clay liner for simplified Bishop Method of the slope stability analysis.

Friction Angle
(degrees)

2. For translational (block) stability analysis, the strength parameters of the weakest interface were used to model the liner. The values used for 
the interim slope stability analysis are highlighted in the table below titled "Minimum Required Interface Strength Values".  Note that both total 
and residual stress analyses were performed for the translational analyses.

Triaxial Shear Test G-3

Direct Shear Test WB-121

Stratum I (Caliche)

Stratum II (Sand)
Stratum III (Shale)

The slope stability analysis indicates no failure surface through this stratum as the top of this stratum is located a minimum of 74 feet below the 
elevation of the deepest excavation.  The laboratory testing for shear strength is reported on page IIIE-18.

Material

Stratum I (Clay)

Material

P:\Solid	waste\Allied\Southwest\LSMPA	2024\Part	III\IIIE\
Global	Slope	05‐2024	NOD2	CLEAN.xls.xls
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INTERIM SLOPE STABILITY ANALYSIS

Chkd By: DEP
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Solid waste data used in this analysis are listed below.  

Moist Unit Friction
Soil Description Weight Cohesion Angle

(pcf) (psf) (degrees)

Solid Waste 59 288 23

This information was derived from several references.  Reference 3 provides a summary of several studies 
that have been completed to develop the shear strength parameters for MSW (refer to Chapter 6.7 in Ref. 3).
MSW shear strength parameters reported in technical literature references vary widely, with friction angles 
as low as 10° and as high as 53° and cohesion values varying from 0 psf to 1,400 psf.  Many of the lower
values are directly contradicted by observations of actual stable landfill slopes. A summary of a few of the
studies completed is listed below.

Reference

To provide for a conservative analysis, a cohesion of 288 psf and a friction angle of 23° were selected. 

The moist unit weight is calculated at the midpoint of the average depth to represent the average unit weight
of waste/cover soil within the landfill, consistent with what is used in the site life calculations in Appendix IIIM.

Total Effective Total Effective Total Effective
1.56 1.60 1.5 1.3 YES YES

Peak Residual/Total Peak
Residual/

Total
Peak

Residual/
Total

1.53
1.44 (Residual)

 1.30 (Total)
1.5 1.1/1.3 YES YES

100 18 80 14
Liner (Note 1, 3) Geonet/Smooth Geomembrane 188 11 188 9
Liner (Note 3) Geonet/Textured Geomembrane 0 13 0 10

100 21 80 10
100 13 80 8
200 15 80 10

Liner Clay Internal 100 16 100 12
Liner Smooth Geomembrane/Geosynthetic Clay Liner 100 16 80 10

100 18 80 10
Liner Geosynthetic Clay Liner Internal 100 24 380 11

Liner/Protective Cover (Note 4) Clay Internal/Protective Cover (Total Stress) -- --
1000 

(Total Only)
 0 

(Total Only)
1. Interface parameters used for translational block analysis of cell floor.
2. Interface parameters used for translational block analysis of cell sideslope (3H:1V typical).
3. Interface parameters derived from GRI Report #30 (Ref. 5).
4. Total stress values assumed for both rotational and translational analysis of interim conditions.  Effective, peak and residual stresses also analyzed.

Friction 
Angle 

(degrees)

Description

Adhesion (psf)

Interim A-1

Recommended Minimum 
Factor of Safety

Slope Designation Method of Analysis

Minimum Required Interface Strength Parameters

Landfill Component Friction Angle 
(degrees)

Interface

Peak

Minimum Factor of Safety 
Generated

Method of Analysis

Acceptable Factor of Safety

Recommended Minimum 
Factor of Safety

Residual

Adhesion 
(psf)

Minimum Factor of Safety 
Generated

Acceptable Factor of Safety

Bishop-Circular

Factor of Safety Summary for Slope Stability

Slope Designation

Laboratory direct shear tests 
on MSW

Results

Description

Landva & Clark       
(1990)

Data Type

Smooth Geomembrane/Clay Liner
Liner (Note 2) Textured Geomembrane/Clay Liner

Richardson & 
Reynolds (1991)

Large direct shear tests 
performed in-situ

= 18o to 43,o

c = 210 psf (10 kPa)

Interm A-2 Rankine-Block

Liner Protective Cover/Geocomposite

Pagotto & Rimoldi 
(1987)

Back-calculation from plate 
bearing tests

= 22,o c = 605 psf            
(29 kPa)

Liner Textured Geomembrane/Geosynthetic Clay Liner

Liner Geocomposite/Textured Geomembrane
Liner

= 24,o c = 460 psf            

(22 kPa) to  = 39,o

c = 400 psf (19 kPa)
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APPENDIX IIIE-A-3

 FINAL CONFIGURATION AND OVERLINER SLOPE STABILITY ANALYSIS

Chkd By: DEP
Date: 1/29/2025

Derivation of Slope Stability Parameters:

Laboratory testing data are provided in Appendix IIIE-C.  The following includes material strength properties based on
the laboratory testing results from each subsurface unit.

Moist Saturated
Unit Weight Unit Weight

(pcf) (pcf)

122.5 --
121.9 --
122.5 127.0
138.4 139.0

The strength parameters for the in-situ soils were selected based on the following:

Stratum I (Clay and Caliche)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction 
Angle

100 26.0 100 27.1

Stratum II (Sand)

Cohesion 

(lb/ft2)
Friction 
Angle

Cohesion 

(lb/ft2)
Friction 
Angle

1620 
(total)

40.9 
(total)

3020 
(effective)

35.0 
(effective)

900 
(residual)

26.9
(residual)

1200 (peak)
26.7 

(peak)

Shale

100 26 100 27.1

100 26 100 27.1

1,200 26.7 1,200 26.7

500 33 5,000 0

Material

Stratum I (Clay)
Stratum I (Caliche)

Stratum II (Sand)

Stratum III (Shale)

Cohesion 
(psf)

A triaxial shear tests and direct shear tests were performed on the Stratum II (sand) samples which resulted in cohesion and friction angle values 
listed in the table below. Stratum II is modeled using a cohesion of 1,200 psf and a friction angle of 26.7° conservatively. Moist unit weight 
values are calculated from each pair of moisture content and dry unit weight obtained from all laboratory testing performed on the material.  
These moist unit weight values were then averaged and this value is used in the slope stability analysis.

A triaxial shear test was performed on Stratum I samples which resulted in cohesion and friction angle values listed in the table below. The 
values in the table will be used for both Clay and Caliche. Moist unit weight and saturated unit weight values are calculated from the dry unit 
weight, the moisture content, and the void ratio obtained from the triaxial shear test. These unit weight values conservatively compare to the 
average obtained from all laboratory testing performed on the material.

The slope stability analysis indicate no failure surface through this stratum as the top of this stratum is located minimum of 74 feet below the 
elevation of the deepest excavation.  The laboratory testing for shear strength is reported on page IIIE-18.

Stratum I (Clay)

Stratum I (Caliche)

Stratum II (Sand)

Total Stress Effective Stress

Triaxial Shear Test G-5

Triaxial Shear Test G-3

Direct Shear Test WB-121

Friction 
Angle 

(degrees)

Stratum III (Shale)

Material

Effective Stress Total Stress

Cohesion 
(psf)

Friction 
Angle 

(degrees)

P:\Solid	waste\Allied\Southwest\LSMPA	2024\Part	III\IIIE\
Global	Slope	05‐2024	NOD2	CLEAN.xls.xls
Final	Summary  IIIE-A-3-13 Weaver	Consultants	Group,	LLC

Rev. 1, 1/29/2025



Prep By: CCH
Date: 1/29/2025

SOUTHWEST LANDFILL
0120-094-11-107-01
APPENDIX IIIE-A-3

 FINAL CONFIGURATION AND OVERLINER SLOPE STABILITY ANALYSIS

Chkd By: DEP
Date: 1/29/2025

Slope stability strength parameters for constructed soil materials were selected as follows based on engineering 
judgment. Prior to construction, laboratory tests will be performed to verify the assumed strength parameter values 
using project-specific soil materials. If test results differ from the assumed values, this analysis will be updated 
for acceptable factor of safety values.

Moist Unit 
Weight Cohesion 

(pcf)  (psf)

Final Cover System 116 100

Clay Liner(1) 120 100

Protective Cover 120 100
Overliner Protective Cover(2)

120 100

3. A cohesion of 100 psf and internal friction angle of 16 degrees is used for the overliner for Simplified Bishop

method of the slope stability analysis.  For global translational stability analysis, the strength parameters of

the weakest interface were used to model the overliner. For peak values, an adhesion of 100 psf and an

interface friction angle of 18 degrees (textured geomembrane/GCL) is used in the Rankine Block method of

the slope stability analysis to represent the weakest interface. For residual values, an adhesion of 80 psf and 

an interface friction angle of 8 degrees (smooth geomembrane/GCL) is used.

Moist Unit
Soil Description Weight Cohesion

(pcf) (psf)

Solid Waste 59 288

This information was derived from several references.  Reference 3 provides a summary of several studies 
that have been completed to develop the shear strength parameters for MSW (refer to Chapter 6.7 in Ref. 3).
MSW shear strength parameters reported in technical literature references vary widely, with friction angles 
as low as 10° and as high as 53° and cohesion values varying from 0 psf to 1400 psf.  Many of the lower
values are directly contradicted by observations of actual stable landfill slopes. A summary of a few of the
studies completed is listed below.

Reference

To provide for a conservative analysis, a cohesion of 288 psf and a friction angle of 23° were selected. 

The moist unit weight is calculated at the midpoint of the average depth to represent the average unit weight
of waste/cover soil within the landfill, consistent with what is used in the site life calculations in Appendix IIIM.

23

Data Type Results

Richardson & 
Reynolds (1991)

Large direct shear tests performed 
in-situ

= 24,o c = 460 psf           

(22 kPa) to  = 39,o

c = 400 psf (19 kPa)

= 18o to 43,o

c = 210 psf (10 kPa)

Pagotto & Rimoldi 
(1987)

Material Friction Angle
(degrees)

16

(degrees)

16

16

Friction

1. A cohesion of 100 psf and internal friction angle of 16 degrees (effective stress) and a cohesion of 1,000 psf and internal friction angle of 0 degrees (total 
stress) is used for the clay liner for simplified Bishop Method of the slope stability analysis.

2. For translational (block) stability analysis, the strength parameters of the weakest interface were used to model the liner. The values used for the final slope 
stability analysis are highlighted in the table below titled "Minimum Required Interface Strength Values".  Note that both total and residual stress analyses 
were performed for the translational analyses.

Landva & Clark       
(1990)

Laboratory direct shear tests on 
MSW

Back-calculation from plate 
bearing tests

= 22,o c = 605 psf           
(29 kPa)

Angle

16
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Effective 
Stress

Total       
Stress

Effective 
Stress

Total        
Stress

Effective 
Stress

Total           
Stress

Final Cover A-1 Bishop-Circular 2.43 2.38 1.5 1.3 YES YES

Final Cover B-1 Bishop-Circular 2.26 2.27 1.5 1.3 YES YES

Final Cover C-1 Bishop-Circular 2.62 2.69 1.5 1.3 YES YES

Final Cover D-1 Bishop-Circular 2.62 2.71 1.5 1.3 YES YES

Overliner A-1 Bishop-Circular 2.61 2.71 1.5 1.3 YES YES

Overliner B-1 Bishop-Circular 2.35 2.35 1.5 1.3 YES YES
Overliner C-1 Bishop-Circular 2.55 2.56 1.5 1.3 YES YES

Peak
Residual/

Total
Peak

Residual/
Total

Peak Residual

Final Cover A-2 Rankine-Block 2.23 2.09/2.05 1.5 1.1 / 1.3 YES YES

Final Cover B-2 Rankine-Block 2.67 2.55/2.81 1.5 1.1 / 1.3 YES YES

Final Cover C-2 Rankine-Block 4.05 3.96/3.86 1.5 1.1 / 1.3 YES YES

Final Cover D-3 Rankine-Block 3.10 2.71/2.79 1.5 1.1 / 1.3 YES YES

Overliner A-2 2.17 1.72/2.39 1.5 1.1 / 1.3 YES YES

Overliner B-2 3.27 3.06/3.49 1.5 1.1 / 1.3 YES YES

Overliner C-2 2.05 1.61/2.26 1.5 1.1 / 1.3 YES YES
Overliner D-1 6.19 4.41/15.5 1.5 1.1 / 1.3 YES YES

100 18 80 14
Liner/FC Systems (Notes 1, 3) Geonet/Smooth Geomembrane 188 11 188 9
Liner/FC Systems (Note 3) 0 13 0 10
Liner/Overliner/FC Systems 100 21 80 10
Liner/FC Systems 100 13 80 8
Liner/FC Systems (Note 2) 200 15 80 10
Liner/Overliner Systems 100 18 80 10

-- --
1000

(Total Only)
0

(Total Only)

1. Interface parameters used for translational block analysis of cell floor.
2. Interface parameters used for translational block analysis of cell sideslope (3H:1V typical).
3. Interface parameters derived from GRI Report #30 (Ref. 5).
4. Total stress values assumed for both rotational and translational anlaysis of final cover conditions.  Effective, peak and residual stresses also analyzed.

Landfill Component

Textured Geomembrane/Geosynthetic Clay Liner

Protective Cover/Geocomposite

Geonet/Textured Geomembrane

Minimum Factor        
of Safety Generated

Recommended Minimum  
Factor of Safety

Peak Residual

Description

Liner/Protective Cover (Note 4) Clay Internal/Protective Cover (Total Stress)

Acceptable Factor of Safety

Adhesion (psf)

Minimum Required Interface Strength Parameters

Slope Designation Method of Analysis

Slope Designation

Factor of Safety Summary for Long-Term Slope Stability

Adhesion 
(psf)

Friction 
Angle 

(degrees)

Acceptable Factor of Safety

Description

Friction Angle 
(degrees)

Rankine-Block

Recommended Minimum  
Factor of Safety

Minimum Factor        
of Safety Generated

Method of Analysis

Rankine-Block

Geocomposite/Textured Geomembrane
Smooth Geomembrane/Clay Liner
Textured Geomembrane/Clay Liner

Rankine-Block
Rankine-Block

Interface

Liner/Overliner/FC Systems
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Prep By:  CCH/BY
Date: 1/29/2025

SOUTHWEST LANDFILL
0120-094-11-107-11
APPENDIX IIIE-A-4

INFINITE SLOPE STABILITY ANALYSIS SUMMARY

Chkd By: DEP
Date: 1/29/2025

Peak Residual Peak Residual Peak Residual Peak Residual Peak Residual

Composite Liner

Protective Cover/Geocomposite 100 80 18 14 2 120 18.43 0 0.00 3.0 1.0 3.3 2.35 1.85 1.5 1.0 YES YES

Geocomposite/Textured Geomembrane 100 80 21 10 2 120 18.43 0 0.00 3.0 1.0 3.3 2.53 1.63 1.5 1.0 YES YES

Textured Geomembrane/Clay Liner 200 80 15 10 2 120 18.43 0 0.00 3.0 1.0 3.3 3.55 1.63 1.5 1.0 YES YES

Clay Liner/Subgrade (Note 1) 200 100 18 12 2 120 18.43 0 0.00 3.0 1.0 3.3 3.72 2.01 1.5 1.0 YES YES

Clay Liner Internal 100 - 16 - 2 120 18.43 0 0.00 3.0 1.0 3.3 2.24 - 1.5 - YES -

Textured Geomembrane / Geosynthetic 
Clay Liner

100 0 18 0 2 120 18.43 0 0.00 3.0 1.0 3.3 2.35 - 1.5 - YES -

Geosynthetic Clay Liner Internal 100 - 24 - 2 120 18.43 0 0.00 3.0 1.0 3.3 2.71 - 1.5 - YES -

Geosynthetic Clay Liner/Subgrade 100 80 25 12 2 120 18.43 0 0.00 3.0 1.0 3.3 2.77 1.74 1.5 1.0 YES YES

Protective Cover/Geocomposite 100 80 18 14 2 120 11.31 0 0.00 5.0 1.0 5.3 3.83 3.01 1.5 1.0 YES YES

Geocomposite/Textured Geomembrane 100 80 21 10 2 120 11.31 0 0.00 5.0 1.0 5.3 4.13 2.65 1.5 1.0 YES YES

Textured Geomembrane/ Geosynthetic 
Clay Liner

100 80 18 10 2 120 11.31 0 0.00 5.0 1.0 5.3 3.83 2.65 1.5 1.0 YES YES

Geosynthetic Clay Liner Internal
100 - 24 - 2 120 11.31 0 0.00 5.0 1.0 5.3 4.43 - 1.5 - YES -

Geosynthetic Clay Liner/Subgrade 100 100 25 12 2 120 11.31 0 0.00 5.0 1.0 5.3 4.54 3.27 1.5 1.0 YES YES

Notes

1. Clay liner to subgrade interface assumes that clay is founded on granular or sandy soils.  In the event clay liner is founded on predominantly clayey soil, the interface for infinite slope stability analysis would be represented by the "Clay Liner Internal" analysis above.

Acceptable Factor of 
SafetyCohesion/Adhesion      

(psf)
Friction Angle           

(deg)

Liner System (3H:1V Maximum Slope)

Overliner System (25 Percent Maximum Slope)

ru b A B

Factor of Safety 
Generated

Recommended 
Minimum Factor of 

SafetyComponent/Interface

Strength Parameters

H          
(ft)


(pcf)


(deg)

T          
(ft)
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