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1.0 SLOPE STABILITY ANALYSIS

This stability analysis has been provided to demonstrate through computerized modeling that the
proposed liner system and grading configuration described in Section 1.1 will be stable under the
worst case landfill configurations as defined below.

Slope stability analyses were performed to assess the stability of the proposed liner for the
reconfigured Blocks P and O to be constructed at the landfill. The critical stability of mass waste
and interior waste slopes of Block O and P were evaluated .

1.1 STABILITY ANALYSIS DURING FILLING

Analyses were performed to assess the stability of interior waste slopes for Block O. These
analyses consider the liner systems as follows (from top to bottom):

e 24-inch thick layer of protective cover soil;

e geocomposite drainage layer;

e 60-mil high density polyethylene (HDPE) smooth (floor only) or textured (sideslope only)
geomembrane; and

e 24-inch compacted clay liner (CCL) or a reinforced Geosynthetic Clay Liner (GCL).

Construction quality assurance/control procedures that will be implemented during installation of
the protective cover, geocomposite, geomembrane and CCL or GCL are described in Attachment
10. Strength parameters and interface shear strengths are provided in Attachment 12, Appendix
C-1.

A review of the floor grades and final cover contours was performed to determine the worst case
conditions for Blocks O and P. A worst case condition was considered as a combination of greatest
waste height, steepest floor grade directed downslope, or away from the interim waste slope, and
interim waste slope angle. The slope of the floor liner system in Block O ranges from 2 to 5
percent towards the north as shown on Attachment 15, Drawing 15-2 of the landfill permit
application. The worst case condition for an interim waste slope configuration occurs along Cross
Section CC’ at E12000, as shown in Figures 1 and 2 (from Drawing 2Y, titled “IIL.1.1.b
Attachment 2 Fill Cross Section™). It is assumed that the maximum height of waste over the bottom
liner system is approximately 56-46.2 feet as shown on Figure 2. Several worst-case scenario
analyses were performed to determine the appropriate filling height and interim slope conditions
for the representative floor grades along Cross Section CC’. These scenarios were listed in Table
1 of Appendix C-1. Due to steeper floor slopes in Block O, waste filling should progress from the
low end to high end across the phases.

Since Block P is already filled above ground, and the entire liner area is filled, no interim waste
analysis is needed.

The results of the most critical analyses are presented in Table 1 of Appendix C-1. The
PCSTABL5M3 model output is provided in Appendix C-1 as well. The analyses demonstrate
that smooth geomembrane/CCL or GCL liner systems on the floor is acceptable for all the phases
under consideration if interior waste slopes are 3H:1V or flatter.
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1.2 MASS WASTE STABILITY AT CLOSURE

Analyses were performed to assess the stability of exterior slopes at Closure. These analyses
consider the same liner systems as in Section 1.1.

A review of the floor grades and final cover contours was performed to determine the worst case
conditions. A worst case condition was considered as a combination of greatest waste height,
steepest floor grade directed downslope, or away from the perimeter below grade sideslope, and
shallowest below grade sideslope height.

The slope of the floor liner system in Block O ranges from 2 to 5 percent towards the north as
shown on Attachment 15, Drawing 15-2 of the landfill permit application. The final grade
sideslopes is-atare 4:1 and 6:1. The worst case condition occurs along Cross Section BBAA” at
N68OOE12000, as shown in Figure 42 (from Drawing 2EY, titled “II1.1.1.b Attachment 2 Fill Cross
Section”). The maximum height of waste over the liner system is approximately 58-57.5 feet along
Cross Section BBAA’. Several worst-case scenario analyses were performed to determine the
final waste filling stability for the representative floor grades along Cross Sections AA’ (Figure 2,
E12000) and B-B’ (Figure 4, N6800). These slope section profiles are included in Appendix C-1.

For Block P, the slope of the floor liner system is approximately 2 percent towards the north as
shown on Attachment 2, Drawing 2V-1 of the landfill permit application. It is assumed that the
maximum height of waste over the bottom liner system is approximately 77 feet as shown on
Figure 5. The worst-case scenario analysis was performed for the representative floor and fill
grades along Cross Section DD’. This scenario is listed in Table 2 of Appendix C-1.

The results of the most critical analyses are presented in Table 2 of Appendix C-1. All factors of
safety calculated are adequate to demonstrate the slope stability of the final waste slope conditions.
The PCSTABLS5M3 model output is provided in Appendix C-1 as well.

1.3 FINAL COVER VENEER STABILITY AT CLOSURE

The final cover was analyzed to ensure the prescriptive maximum slope and soil cap profile will
present a stable configuration over the long term. The “worst case” slope (25%) was analyzed.

A static safety factor of 2.26 was obtained for 25-percent slopes given conservative assumptions.
Calculations are included in Appendix C-2. This static safety factor listed is considered adequate
to demonstrate final cover stability under dry slope condition. In the case of seismic safety factor,
it was calculated to be 1.93, assuming dry slope conditions and under a seismic coefficient of
0.04g.

Under wet slope conditions of 6-inch of head, safety factors calculated for static and seismic
conditions were 1.94 and 1.66, respectively. These safety factors are considered adequate to
demonstrate final cover stability under wet condition.
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APPENDIX C-1
WASTE SLOPE STABILITY CALCULATIONS AND RESULTS
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For Permit Purposes Only Liner Stability Analysis
SCS Engineers WASTE SLOPE STABILITY-GM/CCL
Proi. No. 16209006.6226 Made By: JKR Date: 6/16/2011 rev 12/230
Project: Checked By: JRM  Sheet 1 of 2

City of Nacogdoches Landfill

OBIJECTIVE: Estimate the factor of safety against sliding for interior and exterior waste slopes.

GIVEN: Based on a review of the designed grades, the following worst-case conditions were identified:

Floor Grade 2.0% - 5%
Maximum Interior Waste Slopes 33.0% 18.4 degrees
Maximum Waste Height 50-57.5 feet (Block O), 77 feet (Block

P)
Liner System Evaluated (from top
to bottom): 24” Protective Cover consisting of on-site soils
Geocomposite Drainage Layer
60-mil HDPE Geomembrane
24” Compacted Clay Liner (CCL) [Block P and Block O, Cell 1
and 2 liner system. Alternate Liner for Block O, Cells 3-6]

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

Material Strength Parameters Unit Weight (pcf) Reference
@ (deg) C (psh moist saturated
Waste 33 500 65 75 Eid, et al.
(2000)

Protective Cover 20 200 100 115 Est. for clay
Protective 26 0 *
Cover/Geocomposite
Interface
SS Geocomposite/Smooth 8 0 *
Geomembrane Interface
DS Geocomposite/Textured 28 0 -—- *
Geomembrane Interface
Smooth Geomembrane/ CCL 11 300 **
Interface
Textured Geomembrane/ 20 50 *
CCL Interface
CCL/Subgrade Interface 20 200 100 115 Est. for clay
Notes:

*  Unpublished testing data by Golder Associates, Inc. (attached)
** Based on shear strength parameters, the critical interface will be the SS geocomposite (geonet side)
and smooth geomembrane.

METHOD: PCStabl5M3, Purdue University, 1985
Analyze the critical condition for block and circular failure surfaces.

RESULTS: See Tables 1 and 2, Appendix C-1
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CONCLUSIONS: Using the estimated strength parameters and worst-case slopes, the analysis
indicates that the interim and final waste slopes will remain stable under the configurations presented
in Tables 1 and 2 for a FML/CCL liner.

SCS Engineers WASTE SLOPE STABILITY-GM/GCL
Proi. No. 16209006.++26 Made By: JKR Date: 7/15/13 rev 12/230
Project: Checked By: JRM  Sheet 2 of 2

City of Nacogdoches Landfill
OBJECTIVE: Estimate the factor of safety against sliding for interior and exterior waste slopes.

GIVEN: Based on a review of the designed grades, the following worst-case conditions were identified:

Floor Grade 2.0% - 5%

Maximum Interior Waste Slopes 33.0% 18.4 degrees
Maximum Waste Height feet (Block O)
Liner System Evaluated (from top

to bottom): 24” Protective Cover consisting of on-site soils

Geocomposite Drainage Layer

60-mil HDPE Geomembrane

Reinforced Geosynthetic Clay Liner (GCL) [Alternate Block O,
Cells 3-6 Liner system]

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

Material Strength Parameters Unit Weight (pcf) Reference
® (deg) C (psf) moist saturated
Waste 33 500 65 75 Eid, et al
(2000)

Protective Cover 20 200 100 115 Est. for clay
Protective 26 0 *
Cover/Geocomposite
Interface
SS Geocomposite/Smooth 8 0 *
Geomembrane Interface
DS Geocomposite/Textured 28 0 *
Geomembrane Interface
Smooth Geomembrane/ GCL 10 60 **
Interface
Textured Geomembrane/ 20 140 **
GCL Interface
GCL/Subgrade Interface 24 140 - *k

Notes:

*  Unpublished testing data by Golder Associates, Inc. (attached)

**  Direct shear testing data by CETCO Lining Technologies Group. (attached)

** Based on shear strength parameters, the critical interface will be the SS geocomposite (geonet side) and smooth
geomembrane.

METHOD: PCStabl5M3, Purdue University, 1985
Analyze the critical condition for block and circular failure surfaces.

RESULTS: See Tables 1 and 2, Appendix C-1
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CONCLUSIONS:  Using the estimated strength parameters and worst-case slopes, and given the worst case
friction interface remains unchanged for either a FML/CCL or a FML/GCL liner, the analysis indicates that the
interim and final waste slopes will remain stable under the configurations presented in Tables 1 and 2 for a

FML/GCL liner.
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City of Nacogdoches Landfill
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For Permit Purposes Only Liner Stability Analysis
Table 1.
Waste Interim Slope Stability Analysis
Scenario Section File name Eaijure Logding Fagesof
Mode Condition Safety
1
CCS5200231 "
Single-sided GC, FML- | Section CC’: 3:1 0 S i
Smooth on base floor, slope with no Static
FML-Tex on sideslope be.nches; ‘I’VGS"e_ CBS200231
height 56'46.2 0 £9 ) Block 277273
2
CCE200232 . 2.50
Single-sided GC, FML- | Section CC': 3:1 0 Circle Sl
Smooth on base floor, slope with no Seismic = 0.04g
FML-Tex on sideslope be.nches; wcste, .
height 56'46.2 o 232 | Block 2.402.34
3
CCS300233 .
Single-sided GC, FML- | Section CC': 4:1 0 Circle 3-463.24
Smooth on base floor, slope with no
FML-Tex on sideslope benches; waste Static
height 50°46.2 CBSSgO& Block 2243.36
4 CCE3060
E300234
. nA. — Circle 2:862.92
Single-sided GC, FML- | Secfion €T 41 0
Smooth on base floor, bs os: wit n<: Seismic = 0.04¢g
FML-Tex on sideslope encnes; \,NOS iy
height 50'46.2 CBE%?)Q&‘- Block 271276
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For Permit Purposes Only

City of Nacogdoches Landfill
Attachment 12, Appendix C-1
Liner Stability Analysis

Table 2.
Mass Waste Final Slope Stability Analysis
. > Slope Factor
Scenario Section File Rallure Modeled/Loading of
name Mode o
Condition Safety
L 300
. . 4. ACS3002 Circle 3:893.68
. . Section AA’: 4:1 310
Single-sided GC, FML- . ] — X .
final slope with no Localized exterior
iTAT_o'ITh on ba.zle flloor, benches; waste ABS3002 waste slope / Static
-lex on sidesiope height 50°57.5’ 310 = Block 3-553.35
2
Section AA’: 4:1 ACE3002 Circle Localized exterior | 31253,
Single-sided GC, FML- | finq| slope with no 320 waste slope /
Smooth on base floor, benches; waste Seismic = 0.04g
FML-Tex on sideslope height 50257.5' ABEig@E Block 2.042.83
3
ABS4002 Global exterior 96513.3
i ' 4 Block
Single-sided GC, FML- 'Sechon i '.4'] 330 . waste slope / Static 9
final slope with no
Smooth on base floor, benches: waste
FML-Tex on sideslope . . } 400 Global exterior
height 58:57.5' ABE3O - Block waste slope / 5.075.76
= Seismic = 0.04¢g
4
BCS3002
i % 4 = Circle 3+444.74
Single-sided GC, FML- | , Section BB" 4:1 340 _ :
final slope with no Localized exterior
Smooth on base floor, .
ST ronp eslape benches; waste waste slope / Static
height 50'56.3’ BBSigOE Block 2.903.79
5
, _ Section BB’: 4:1 Bcesseogg Circle Localized exterior | 5023 74
Single-sided GC, FML- | . slope with no 20 w.os’r'e slope /
Smooth on ba.se floor, benches; waste Seismic = 0.04¢g
FML-Tex on sideslope height 50:56.3’ BBE30023 o o155
‘5—0- 2' I'—
6
BBS40023 Global exterior
Single-sided GC, FML- Section BB’: 4:1 60 Block waste slope / Static 5:782.43
Smooth on base floor, final slope with no
FML-Tex on sideslope benches; waste
height 56256.3’ Global exterior
BBEéo 23 Block waste slope / 4-295.00
== Seismic = 0.04g
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City of Nacogdoches Landfill
Attachment 12, Appendix C-1

For Permit Purposes Only Liner Stability Analysis
. . Slope Factor
Scenario Section nlc::nl':e F':‘::::: Modeled/Loading of
Condition Safety
A
Single-sided GC, FML- Section DD’: 4:1 DCS100 Circle 3.85
Smooth on base floor, final slope with no . .
. Localized exterior
FML-Tex on sideslope benches; waste EETeRIcEe) /ASTaile
height 77’ By =
DBS100 Block 3.48
8
Single-sided GC, FML- Section DD’: 4:1 DCE100 Circle 3.12
Smooth on base floor, final slope with no Localized exterior
FML-Tex on sideslope benches; waste waste slope /
height 77’ Seismic = 0.04¢g
DBE100 Block 2.82
8
Global exterior 3.93

Single-sided GC, FML- | Section DD": 4:1 | DBS200 Block | aste slope / Static
Smooth on base floor, final slope with no

FML-Tex on sideslope benches; waste
height 77 Global exterior
DBE200 Block waste slope / 3.02
Seismic = 0.04g
Revision 23 c-1-7 [ SCS ENGINEERS |

Nacog AllL12-App C-1 (Laf 31 Jan 2024-rlsoNacog— Att-12-App C-1-Pari--of 3-rev-2 Sep-2049 Sep—2019Janvary 2024




Stability Analysis

City of Nacogdoches Landfill

SECTION LOCATION PLAN & PROFILES
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City of Nacogdoches Landfill

Figure 1. Section Location Plan for Section CC’
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City of Nacogdoches Landfill
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Attachment 15
Citv of Nacogdoches Landfill Leachate and Contaminated Water Plan

The estimation of leachate generation is generally accomplished by a computerized water balance
model or by using actual historical data for similar waste cells or landfills. The method used for
the City of Nacogdoches Solid Waste Landfill was the U.S. EPA Hydrologic Evaluation of
Landfill Performance (HELP) model. The HELP analyses for Blocks M and P are attached as
Appendix A. Input parameters and assumptions used for the HELP model analyses are listed
below.

1. Version 2-:05-was3.07 and 4.0 were used.

2. Thirty years of actual rainfall data for the Longview/Nacogdoches area (1961 through
1994) was obtained for the Nacogdoches Landfill from the Southern Regional Climate
Center at Louisiana State University. This data is presented graphically in Appendix A.

3. “Fair” grass coverage was specified for the capped landfill.
4. The default SCS runoff curve number of 91.61 was used.

5. A membrane leakage fraction of 0.0001 was used for bottom liners, which is believed to
be representative of an HDPE liner installed with typical QA/QC methods. A membrane
leakage fraction of 0.01 was used for caps. This is a conservative assumption that will
result in over estimation of precipitation infiltration and thus leachate generation, and will
ensure adequate capacity of leachate collection system.

6. The HELP model analysis was performed for a 1 acre (43,560 square feet) area and a five
year period. As the landfill is developed each fill area, or phase will only be active for a
period of time on the order of 1 to 2 years. However, there is no way of knowing how
much rainfall any active fill area will be subjected to during that period. Therefore, HELP
model analyses were performed using the most severe consecutive 5 year period from the
30 years of actual rainfall data on the assumption that any similar events could conceivably
occur during the active period of any of the fill areas. The 5 year period used in the analyses
is identified within the 30 years of data included in Appendix A.

7. HELP model analyses were performed for three operating conditions:

a. 5 feet of waste and 6-inches of daily cover over the area. This analysis was used to
estimate the extreme worst case in terms of the rate of leachate production.

b. 20 feet of waste with 6-inches of protective cover. These analyses were used to
assess the maximum pipe spacing that would limit the head on the liner to a
maximum of 1 foot. Two analyses are included; one for 0% cross slope between
pipes, and one for 2% cross slope between pipes.

c. Closed cell. These analyses are included to show the expected rate of leachate
production over the long-term. Two analyses are included which show expected
leachate production when a cell is half closed and when a cell is completely closed.

Results of the analyses indicate the extreme worst case rate of leachate production would be as
shown on Figure 1. A more typical worst case expected rate of leachate flow is illustrated on
Figures 2 and 3. These figures show rates for the Case 2 analyses which assumed 20 feet of waste
in-place.
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Attachment 15, Appendix G
City of Nacogdoches Land(fill Block O - Leachate Generation Model

SECTION 1

LEACHATE GENERATION MODEL

1.1  OBJECTIVE

The following leachate generation modeling demonstrates that the design of the proposed
leachate collection system (LCS) and the composite liner related to Block “O” at the City of
Nacogdoches Landfill (landfill), complies with the requirements of 30 TAC §330.331(a)(2).
Specifically, 30 TAC §330.331(a)(2) states that the LCS and composite liner shall be
«...designed and constructed to maintain less than a 30 centimeters depth of leachate over the
liner.” The U.S. Army Corp of Engineer’s Hydrologic Evaluation of Landfill Performance
(HELP) Model, Version 3.07 and 4.0, was utilized for the purpose of demonstrating that the LCS
and composite liner (herein referred to as the bottom liner system) have been designed to
maintain leachate levels below the 30-centimeter (approximately 12 inches) criteria.

1.2 LEACHATE COLLECTION SYSTEM

The barrier components of the bottom liner system for Block “O” will be comprised of a 24-inch
thick compacted clay liner overlain by a 60-mil high density polyethylene (HDPE) geomembrane
liner. An alternate liner option consisting of a GCL overlain by a 60-mil high density
polyethylene (HDPE) geomembrane liner is also proposed for Block O. The GCL/FML HELP
Models are provided in Part III, Attachment 10, Appendix 10E. Above these barrier layers, the
LCS will include a 200-mil lateral drainage layer (geocomposite) that will convey leachate to the
LCS piping and overlain by a 24-inch-thick protective soil cover. The bottom liner system for
this block will drain at varying slopes, with a minimum 2 percent and maximum 5 percent slope,
towards perforated LCS piping (i.e., lateral and header pipes) located throughout the block, as
shown on Drawing 15-1. This leachate generation model is based on two slope and drainage
length scenarios, as follows:

1. Drainage length between LCS piping of 200 feet for slopes ranging from 2 to 2.8 percent;
and

2. Drainage length between LCS piping of 325 feet for slopes greater than 2.8 percent.

In both scenarios, the minimum slope was modeled in HELP, as leachate head is inversely
proportional to the slope of the bottom liner system (i.e., as the slope is decreased the leachate
head increases). The two scenarios were evaluated for both the Active and Interim landfill
conditions defined in Section 1.4, as these conditions of landfill development at the most critical
cases for leachate generation. The Closed landfill condition was evaluated for Scenario 1 only,
as the Closed landfill represents a stage of landfill development with little or no leachate
generation.

Lateral piping has been positioned throughout the LCS to maintain the drainage lengths for the
two minimum slope scenarios. Leachate generated at the landfill will enter the LCS piping by
either: (1) infiltrating through the protective soil cover and into underlying geocomposite, which
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Attachment 15, Appendix G
City of Nacogdoches Landfill Block O - Leachate Generation Model

drains to the LCS piping; or (2) infiltrating through the gravel chimney drains installed over the
LCS piping. Lateral piping will be sloped at a minimum 0.5 percent to drain leachate to the main
header piping, which then gravity drains to the existing sanitary sewer located outside the limits
of waste.

The layout and design details of the LCS are depicted on the Drawings 15-1 through 15-5.
1.3 METHOD OF ANALYSIS

The HELP model is a quasi-two-dimensional hydrologic model of water movement across, into,
through, and out of the disposal facility. The model uses climate, soil, and landfill design data to
perform a solution technique that accounts for the effects of surface storage, runoff, infiltration,
percolation, field capacity, soil moisture storage, recirculation, evapotranspiration, and lateral
drainage. Output includes peak daily, monthly and annual leachate generation and peak leachate
depth over the liner for the respective periods.

1.4  MODEL SETUP

1.4.1 Block O Phases

The landfill was modeled as a one-acre unit area for the following conditions of landfill
development:

e Active condition with 10 feet of waste, daily cover, and 0% runoff potential;

e Interim condition with 5760 feet of waste (maximum waste thickness), intermediate
cover, and 100% runoff potential; and

e Closed condition with 37-60 feet of waste, final cover, and 100% runoff potential.

In the HELP model, runoff is represented by two terms, “Runoff Potential” and “Curve Number
(CN)”, each of which is used differently by the model. Runoff Potential represents the
percentage of the area being modeled that is sloped such that it is possible for runoff to occur.

The Curve Number (CN) is similar to the Runoff Potential in that it is used by the HELP model
to estimate the volume of runoff from the landfill cover for a given storm event. The HELP
model uses the CN value within a subroutine based on the Curve Number Method to calculate
runoff. Unlike the Runoff Potential, the CN value incorporates the effects of soil characteristics
(hydraulic conductivity), vegetative cover, and antecedent moisture content in the soil (i.e.,
initial soil moisture content). However, CN values and Curve Number Method (and resulting
runoff values) are only applied to that portion of the landfill surface designated within the HELP
model as being capable of producing runoff based on the Runoff Potential.

The Runoff Potential was user-selected as zero percent for the active condition, since
precipitation contacting these areas will be contained at the working face by containment berms.
For the interim and closed conditions, the Runoff Potential was user-selected as 100 percent, as
these areas of the landfill will be properly graded and equipped with temporary or permanent
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Attachment 15, Appendix G
City of Nacogdoches Landfill Block O - Leachate Generation Model

1.43.1 Compacted Clay Liner and Flexible Membrane Liner

The 24-inch-thick compacted clay liner was modeled as a barrier layer using default values from
the HELP model table of soil characteristics (HELP default texture 16). The flexible
geomembrane liner (60-mil HDPE), which is placed directly over the compacted clay liner, was
also modeled using default values from the HELP model table of soil characteristics (HELP
default texture 35). The geomembrane liner was modeled for good installation quality which is
represented by four defects per acre and a pinhole density of one hole/acre (reference: HELP
3.07 and 4.0 User Manual).

1.4.3.2 Leachate Drainage System Layer

The geocomposite drainage layer is comprised of a geonet with a geotextile adhered to one side
when installed on the landfill floor or both sides when installed on the below-grade sideslopes.
The manufactured thickness of the geocomposite is 200-mil (approximately 0.20 inches), which
was reduced for compression depending on the amount of overlying waste and soil cover for
each condition modeled in HELP. The reduction in thickness of the geocomposite drainage
layer, as well as reduction factors associated with creep, geotextile intrusion, and environmental
conditions, were considered to account for changes in long-term performance.

To evaluate the performance of the geocomposite layer, the hydraulic conductivity value used in
the HELP model was adjusted until the maximum depth of leachate in the geocomposite (for
peak daily flow) was less than or generally equal to the thickness of the geocomposite. In this
manner leachate flow above the geomembrane was confined in the geocomposite. The minimum
allowable transmissivity was calculated based on the hydraulic conductivity, applied reduction
factors, and reduced geocomposite thickness and compared to published transmissivity values for
200-mil geocomposite.

This exercise was performed to confirm that typical 200-mil geocomposites have drainage
characteristics sufficient for maintaining leachate flow in the geocomposite layer. The
geocomposite performance demonstration is included in Appendix G2. As presented in the
demonstration, a 200-mil geocomposite has sufficient drainage capacity to meet drainage criteria
during all stages of landfill development.

1.4.3.3 Covers Soils

A clay soil (CL soil classification, HELP default texture 11) was used for all cover soils, such as
protective, daily, and intermediate cover soils, since this soil classification is representative of
onsite soils. Default soil characteristics were used for these cover soils, including a hydraulic
conductivity of 6.4 x 10 cm/s. Although re-compacted soil samples of onsite soils indicate
permeability values less than the values assumed in the HELP model, a more permeable clay was
selected to simulate more conservative leachate generation due to the uncompacted placement of
these cover soils.
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Attachment 15, Appendix G
City of Nacogdoches Landfill Block O - Leachate Generation Model

1.4.3.4 Waste

The waste layers described in Section 1.4.1 were utilized for the various landfill conditions in the
HELP model. A default hydraulic conductivity of 1.0 x 10 c¢m/s was utilized in the model to
represent municipal solid waste (HELP default texture 18).

1.4.3.5 Final Cover

The final cover from top to bottom will consist of a 6-inch-thick erosion layer, a 40-mil
geomembrane, and an 18-inch-thick infiltration layer (compacted clay). For the purposes of this
model, it has been assumed that the erosion layer will consist of a clay soil with a hydraulic
conductivity of 6.4 x 107 cm/s, consistent with soil modeled for other cover soils, as described in
Section 1.4.3.3. The geomembrane was modeled for good installation quality, 4 defects per acre,
and a pinhole density of 1 hole/acre (reference: HELP 3.07_and 4.0 User Manual). The
infiltration layer will consist of compacted soil with a hydraulic conductivity of 1.0 x 107 cm/s
or less. Default soil characteristics from the HELP model were selected to represent the layers
within the final cover system.

1.5 HELP MODEL RESULTS

The HELP model results are presented in the attached HELP Model Summary Sheet along with
the HELP model output is provided in Appendix G1. As presented in the HELP model output,
the depth of leachate over the bottom liner is predicted to be confined to the geocomposite lateral
drainage layer, which is well below the 30 centimeter regulatory requirement.
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City of Nacogdoches Landfill Block O - Leachate Generation Model
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Attachment 15, Appendix G
City of Nacogdoches Landfill Block O - Leachate Generation Model
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model
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Attachment 15, Appendix G

Block O - Leachate Generation Model
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Block O - Leachate Generation Model

City of Nacogdoches Landfill

T S T T e e T e e e L L e e e T L L e et T 2T AL L L LT LI LL T LT ELEL LI ELELLE L L L

im ]

1

TN ™D
= =

MADY SRIANYT

Thaxf L1V

ADR foem

[ = g = = o

MAD forn

EFER LML
s Sy e e g

=

Ins S FOIT
EALY A

2

23
X =

(23w il

=T

i e |
= =T

[ 25 ]
e

TOMmATL O
oI

£C
e

fale]

- T -

(oo

07

k)

= =R

e =

EN
=T

L= al
[

T

e al
e

AP AMT NS
D \}'Evu

IOV LI T

amny
L= =y

(o %]
=

7 S | =4 O
[T =

20
T

[ o = [ B I =+
oo L

1340

o=

119
Voo T E
0

0140
L e

A&7
L
053
L e = =

MOmMnY o
TorrrToR

0_SE%
L =

[ B i o+
T T v

).

A7
o

1

0 104
AR

—_

3

A 360
v O

O 774

=

Nn_3I29
Oz -2~

AD
A=

0 _ac g
e W
O 292¢
N8 = e W

O 744

L e

DEMT AT TOMNES
= f = et

[ndsilim)
LR i

£E77

1.3
=

I8
T =~

=

ko B =l =
[~ m-a-

b S Y L

=4

2 _02%

S TT-A
=7

2 523

=

Lo T W 2o
=0
2 QAL
e W T

LI LA T A

T
583
T O

LR %
2 A%
=T

=

-

O ==
2 QNG
T oo

=gy o= )

2 _NDE
£ i =

2360
-

2 .01
TauTE
0 _ 235
U

230
=
N _209
- - —

k]

240

[ate X~
T U

-
1

A _E4gn
T oo

AC A
L =

=

OEIIT AM T NS
TITY TITL DL

[aliLhx]
= o =

AEE 201 O 903
- e e R

T

AE &
= == a5

=

L T~
o

L=

a_saAns
LR e B

2 A8
T oY
018l

3

-

[« XaloW.]
=TT o

. M I e
DI ==
0 2044

|
=

AQDT
- o e
n_EATI
- o o

1

L5700 L 4 0 S
TONLTTTERS

OGe e
T SUT

1

A B3
- - = —

)

1000

(a]

LT -

L= o - g

=

0 seaq
Yooy
017792149
T

AT v i . B
e
n_c5an

T

-
02774

1450
L -

e |
08582 08037 1011 114
[a] A}

fa)

DIVIT AMT RO
o g g g g g e

[aliiim
(== =

1539

43244

&1 10

b e =

T

=

T = A 3

B o aladn) AR AR AL A
T UT U S T UUTY

O_.annn
A=A

TUTT
(A afalalal

O _AnAn

i

O _aann
AR a A

- h -y
O - Aannn
A=A

?ﬂ"l"n'! L As
L= ==

n__nnon
T O TT o

'aEE akalnlnl
Ve vU oo

A _AQnn
T W

T T O

O nn0n
e Tv

(e B aTalalal
TTUUTT
o_Annn
T UUwo

O _Anno
L=
o aYatalol
LT

e alatatal A _nfon

T W T
(oS alaYala)

faE afalalial
TS UUTY
o A VAT m]
T T

O_Annn

MU TATTONO
L= =R = e =y

L alind
e =

L=a=

o

-

o

R

N_Anan
TT oo UT

O_ 0000

w

TR oo oo

T

AR

G1-24

61

1s10Nn

Rev

June20H-January 2024

03 ENncog-HELP-Model-Gmipit

thibis G §

1 e les bbb | &

[¢] BET)

prpomtin

Allciehiment 134



Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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City of Nacogdoches Landfill

Attachment 15, Appendix G

Block O - Leachate Generation Model
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Land(fill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Land(fill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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City of Nacogdoches Landfill

Attachment 15, Appendix G
Block O - Leachate Generation Model
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Land(fill
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Attachment 15, Appendix G

Block O - Leachate Generation Model

City of Nacogdoches Landfill
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