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The following documents present the results of the global and veneer stability analyses along with the seismic
deformation analysis and also the liquefaction screening evaluation performed for the proposed expansion to the
Matlock Bend Landfill located in Loudon County, Tennessee. Deformation has been calculated using three different
methods as follows:

e Franklin/Hynes

o Simplified Procedure, Bray/Rathje/Augello

o Tennessee Division of Solid Waste Management’s (TDSWM) Earthquake Evaluation Guidance Document.

The specific seismic event evaluated is described in the TDSWM regulations as the earthquake that has a two
~ percent chance of probability of occurrence in fifty years or a 100 percent chance in approximately 2,500 years.
The magnitude of the projected earthquake is estimated as a 7.0 on the Richter Scale.
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Matlock Bend Landfill Veneer Stability Analysis
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Matlock Bend Landfill Veneer Stability Analysis
GLOSSARY OF TERMS / NOTATIONS

= s0il cohesion (Pa)
cm/sec = centimeters per second

Dsgs = significant duration of acceleration-time history (s)
FS = factor of safety (dimensionless)
FSqu. = static factor of safety (dimensionless)

= shear modulus (Pa)

Gn = maximum shear modulus (Pa)
g = acceleration due to gravity (m/s?)
GRI = Geosynthetics Research Institute
H = height of landfill waste or cover thickness (m)
HE = House Engineering LLC
HEA = horizontal equivalent acceleration (m/s?)
- HCV = highest conceivable value

kN/m® = Kilonewtons per cubic meter

k = permeability (cm/sec)

k = seismic acceleration coefficient (dimensionless)

Ko — maximum seismic acceleration coefficient = MHEA/g (dimensionless
Ky = yield acceleration coefficient (dimensionless) ‘
kPa = kilopascal

L = length of midsection of landfill (m)

LCV = lowest conceivable value

Ls = length of cover slope mass (m)

LLDPE = Low Density Polyethylene
MBL = Matlock Bend Landfill

MHA = maximum horizontal ground acceleration (m/s?)
MHA., = maximum horizontal ground acceleration at crest of landfill (m/s?)
MHAg, = maximum horizontal ground acceleration of rock (m/s)

MHA;,, = maximum horizontal ground acceleration of site (m/s?)
MHA,, = maximum horizontal ground acceleration at top of landfill (m/s?)
MHFA = maximum horizontal equivalent acceleration (m/s?)

MHEA&SE — maximum horizontal equivalent acceleration at base of landfill (m/s?)
MHFA,,.,= maximum horizontal equivalent acceleration of landfill cover sliding mass (m/s?)
MLV = most likely value




Matlock Bend Landfill Veneer Stability Analysis
GLOSSARY OF TERMS / NOTATIONS (continued)

= millimeter
m/s = meters per second ‘
My, = moment magnitude of earthquake event (dimensionless)
psf = pounds per square foot
PSR = parallel submergence ratio
NRF = nonlinear response factor (dimensionless)

RFCR = creep reduction factor

R = seismic displacement reduction factor = k, / k. at selected displacement (dimensionless)

Rs = seismic displacement reduction factor = &, / k,,, at selected base displacements (dimensionless)
Re = seismic displacement reduction factor = k, / k., at selected cover displacements (dimensionless)
Santek = Santek Waste Services LLC

S = back-slope run to height ratio (dimensionless)

S, =front-slope run to height ratio (dimensionless)

T, = mean period of acceleration-time history (8)

T.ra = mean period of earthquake (8)

Tp = predominant period of ground motion (s)

To.a = predominant period of earthquake (s)

T = fundamental period of column of waste fill (s)

T = fundamental period of fill material (s)

Towse = fundamental period of waste

t = lime (s)

U = seismically induced permanent displacement (mm})
USEPA = United States Environmental Protection Agency

V, = average shear wave velocity (m/s)
Y] = slope angle of cover from horizontal (°)
€ = strain (dimensionless)

] = fransmissivity (cm/sec)
@ = internal friction angle (°)
~ = fotal unit weight (N/m?)




Matlock Bend Landfill Veneer Stability Analysis

F11.0 INTRODUCTION

House Engineering LLC (HE) was contracted by Santek Waste Services, Inc. (Santek) to complete the responses to
comments specific to the slope stability of the Matlock Bend Landfill located in Loudon County, Tennessee.
Specifically, (HE) was subcontracted by Santek to perform the veneer slope stability evaluation for the proposed final
cover system for the Matlock Bend Landfill in Loudon County, Tennessee. This report outlines the approach taken by
HE during the performance of the veneer stability evaluation and presents the findings and recommendations that
resulted from the evaluation.

Landfill cover systems have a high sensitivity to relatively small changes in various parameters. A number of
analytical methods were used to calculate the veneer slope stability factor of safety of the proposed final cover
system.

A number of landfill designers are of the opinion that of all the factors which contribute to the loss of veneer stability
of a Iandf.ill final cover it is the depth of hYdrostatic head above the liner that is most critical. Other parameters -
include the hydraulic conductivity of the overlying soil, transmissivity of the drainage layer, the slope angle, and
spacing between outlet drains. (One significant final cover slide in Tennessee was altributable to an excessive length
of drainage with an outlet). Interestingly, climatic conditions do not impact stability as much as it would seem
primarily since a 30 minute rain event is generally enough to create a critical drainage condition within the cover
system.

It is the intent of the design to ensure that the liquid thickness is less than the drainage layer thickness. Veneer
failures often are attributable to conditions where water builds to a level that exceeds the thickness of the drainage
layer such that it comes in contact with the overlying saturated soil cover resulting in a condition where the depth of
saturation is suddenly from the top of the final cover to the top of the geocomposite drainage net. Therefore, when
geocomposite drainage net is used as the drainage layer in a final cover system it is imperative that the hydraulic
head be kept to less than 5mm. Limiting the hydraulic head to Smm presents a situation where there is little room for

error since a failure of the geocomposite can lead to a total slope failure.

o

2014 Matlock Bend Landfill Expansion Submittal 1OUSE ENGIEERING LLC




Matlock Bend Landfill Veneer Stability Analysis

#5120 DESIGN APPROACH

" Santek provided House Engineering LLC (HE) with existing slope stability and investigation reports and historical data
(performed by Geosyniec) generated from previous studies performed for the Matlock Bend Landfill. These
reports/data included some geotechnical information such as boring logs, grain size data, and Atterberg Limits, but
did not include interface testing of cover system components. It should be noted that this design approach
establishes the parameters necessary to satisfy veneer stability of the final cover system. Again, the high level of
sensitivity of final cover systems to relatively small changes of cerfain parameters emphasizes the importance of
determining the limiting values of the parameters which are critical fo providing a stable final cover system for the
Matlock Bend Landfill.

Peak vs. Residual Interface Strength Approach

Numerous articles have been written specific to using the peak or residual interface strength for designing final cover

systems. Based upon a review of the literature and personal discussions with geosynthetic industry researchers the

final cover system for the Matlock Bend Landfill has-been designed using peak strength. The following paragraphs

provide excerpts taken from white papers and journal publicaﬁons from which the Matlock Bend Landfill final cover

design approach is based:

Tim Stark and H. Choi have stated:

“The stability of the geosynthetic cover systems can be analyzed using the peak shear strength of the weakest interface, -
or, if necessary, the weakest composite interface, when the factor of safely greater is than 1.5, The use of peak
strength is recommended for the cover system because of the lack of or limited amount of defrimental shear

displacement along the weakest interface in a cover system compared with a liner side slope. However, if the average

slope of the cover system is greater than the lowest peak interface friction, or large displacements such as construction

— induced displacements or Seismically induced displacements are expected, a residual shear strength with a factor of
safely greater than unity should be used for the cover design.” The preceding paragraph is taken verbatim from

‘Geosynthetics International, 2004, 11. No. 6.

Robert Koerner also has made the following comments in GRI Report #29 from 2003

“Peak strength design, with adequate factor of safely for site specific conditions would have prevented every one of the

previously mentioned failures! Even further, proper design such that peak strength will greatly lessen deformations and
the subsequent serviceability concerns ..."

“When using residual strength in design there is no likelihood of failure and while exiremely conservative it is

unnecessarily so and in the author's opinion is not needed at all.”

HE’s design approach for the veneer slope stability evaluation was based on the performance of parametric analyses

2014 Matlock Bend Landfill Expansion Submittal Hﬁysséwé;ufénfks e




p’ Matlock Bend Landfill Veneer Stability Analysis
to determine the critical minimum physical properties of soils and geosynthetic materials that would yield a final

| cover system with the following:
Y% A factor of safety against sliding of 1.5 for veneer stability with peak strength parameters.

o A factor of safety against sliding ranging between 1.0 and 1.3 for veneer stability for seismic conditions.

(The United States Environmental Protection Agency (USEPA) accepts 1.0 as a suitable factor of safety).

The Cross Section identified on the permit drawings as Section C-C poses the greatest challenge from a slope
stability perspective; hence, HE concentrated the veneer slope stability evaluation on this slope. It is noted that the
stability of the final cover system is dependent upon the ability of final cover components to satisfy critical interface
strength requirements.  Therefore, the construction contractor will be responsible for verifying that the minimum
strength criteria of the final cover components are satisfied using industry approved testing prior to construction of the
final cover system.

3.0 PROPOSED FINAL COVER CONFIGURATION

~ Veneer stability analyses have been performed on the cover system configuration illustrated in Figure 1. The final
cover system design has been developed by Santek for the Matlock Bend Class | Landfill. The proposed layers of the
cover system for the Matlock Bend Class | Landfill (from final landfill surface grade downward) are as follows: 1
e 24 inches of vegetative support <
o Drainage layer (Double sided geocomposite)
\ e 40 mil textured LLDPE
o One foot (minimum) of compacted soil
o (One foot of intermediate cover soil

The final cover system also has the following properties:
e A final cover slope ratio with an approximated 3:1 slope
(i.e., 3H: 1V).

2 Vegetative Support Layer e Benches for vertical relief and tack-on swales at a
maximum of 128 foot intervals along the slope.

T o A uniform final cover thickness (vegetative support soil
Geocomposite Drainage Net [ayBI') above the geosynthﬁ’[lcs Of 20 feet

40 mil Geomembrane

Intermediate Cover/Soil Subbase
Approximately 24*

Wasle (Variable Thickness)

Figure 1 - Typical Final Cover Section

2014 Matlock Bend Landfill Expansion Submittal HOUSEENG!EERINGHC




; Matlock Bend Landfill Veneer Stability Analysis
f:‘-" 4.0 VENEER SLOPE STABILITY METHODOLOGY
o Numerous analytical methods were used to calculate the veneer slope stability factor of safety of the proposed final

cover system. In addition, a simple reliability analysis was performed as outlined by Duncan (2000), which utilizes

a Taylor series method. The methods performed can be referenced to the following sources:

o Te-Yang Soong and Robert M. Koerner, “The Design of Drainage Systems Over Geosynthetically Lined Slopes”,
(GRI REPORT# 19), by June 17, 1997.

e Te-Yang Soong and Robert M. Koerner, "Analysis and Design of Veneer Cover Soils”, Proceedings of 6"
International Conference on Geosynthetics, 1995, Vol. 1, pp. 1-23, Atlanta, Georgia, USA.

e Ling and Leschinsky, (1997), “Seismic Stability and Permanent Displacement of Landfill Cover Systems”, Feb.
1997, Vol. 123, No.2 Journal of Geotechnical and Geoenvironmental Engineering.

o Thiel, R.S. (1998), “ Design Methodology for a Gas Pressure Relief Layer Below a Geomembrane Landfill Cover
o Improve Slope Stablhty“ Geosynthetic Internatmnal Vol. 5, No. 6pp 589-617.

o Thiel, R. S. (2008), "Slope Stability sensitivities of final covers” Geosynthetlcs August September.

o Duncan, J. Michael, “Factors of Safety and Reliability in Geotechnical Engineering”, 1999 Spencer J. Buchanan

Lecture, Texas A&M University.

o Bray, Rathje, Augello and Merry, “Seismic Design for Lined Solid-Waste Landfills”, 1998, Vol. %, Nos. 1-2.

41 Step One: Determine Impingement Rate,( § ) and transmissivity of the geocomposite drainage layer.
Assume Unit Gradient Method for the design:
O = Ko = 1% 108 cm/sec = 1 x10° m/s
Solve for the required transmissivity with the following equation:
Oreq= 0; * L/ SN
For the proposed landfill side slope the required transmissivity of the geocomposite is,

Breg - Koowr * L/ 5INB = 1x10°m/s * 30 = 9.5 X 10"cm/sec
Sin18.4°

Determine the allowable Transmissivity Ojeq,

Ouiiow = ereq " Fep * RFgg * RFBC* RFCH

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING 1LC




Matlock Bend Landfill Veneer Stability Analysis
Where:
FS, = 3.0 (accounts for uncertainty associated with inflow rate and the potential for particulate clogging)

RF,; = 1.0 (See Table 1.0 - ranges from 1.0 to 1.2 based on alkalinity of protective soil; if soil is not alkaline in
nature, then this can be ignored and set equal to 1.0)

RF,; = 2.0 (See Table 1.0 - ranges from 1.2 to 3.5 based on anticipated biological growth environment; allow
that potential root penetration could reduce transmissivity by half)

RF., = 1.1 = see Table 2.0 = Contact manufacturers of products being considered

Table 1 - Chemical clogging and biological clogging reduction factors

Application Reduction Factor for Reduction Factor for
Chemical Clogging (RFcc) | Biological Clogging (RFpc)
Cover Drainage Layer 1.0to 1.2 1.2t03.5
Leachate Collection and 1.5t02.0 1.1to 1.3
Removal Layer
Leakage Detection Layer 1.1t0 1.5 1.1to 1.3

-Table 2 Creep reduction factors (RFCR) for geonets manufactured by GSE Lining Technology, Inc.,
(Narejo and Allen, 2004) ‘

Pressure, kPa (psf) " Creep Reduction Factor (RFcg)
48 (1000) 1 o
240 (5000) 1.2
478 (10000) 1.3
718 (15000) 1.6

Therefore,

Otiow = ereq i an * RFee * RF BC* RFCR
O = 9.5x107cm/sec *3*1*1.5* 1.1

Q0w = 4.7 x10° cm/sec

NOTE: Laboratory 100-hour transmissivity test value should be equal to or higher than the above allowable value.
For relatively mild slopes, such as the top deck, where the slope is stable even under saturated conditions, the

drainage requirements are much less demanding. In such cases, the primary function of a drainage layer might
be to allow the cover soils to drain after precipitation events so they will not remain saturated for prolonged
periods of time. Saturated soils, even on relatively flat slopes, are more susceptible to erosion and localized
hearing capacity failures (e.g. under a wheel load or a deer hoof).

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING LLC




Matlock Bend Landfill Veneer Stability Analysis

Step Two - Evaluate the Soil / Drainage Layer Interface Using the Parallel Submergence Ratio
Initially, GRI Report #19 was used to determine the impact of a specified rainfall event (input within the

calculation in mm per hour) upon the drainage capability of the proposed geocomposite. Exceeding the
drainage capacity of the geocomposite could potentially cause the final cover soil to become saturated and
possibly unstable.

The required factor of safety for this analysis was set to 1.5. The following table summarizes the input
parameters that were inserted into the Report #19 spreadsheet developed by Soong and Koerner to evaluate the
veneer stability with respect to drainage capacity. The required angle of interface friction (8) necessary between
the cover soil and geocomposite material was determined using a trial and error approach. Numerous iterations
revealed that a (8) of 26 degrees between the soil and geocomposite drain material would produce a factor of
safety of 1.5. A parametric evaluation was utilized to determine the parameters which are most critical to the
stability of the slope. Table 3 summarizes the input values which were modified and how each modification

impacted the factor of safety.

Table 3 - Parametric Veneer Stability Analysis of the Final Cover Soil over Geocomposite Drain Layer

Conditions
Hydraulic Slope  Slope SOIL  INTERFACE
conductivity RUNOFF  Length  Length  Slope Angle Conductivity FRCTION  FRICTION
P Kesvrsol teoversen Lowrsen COEFRCIENT L L B Kgs Tes ANGLE  ANGLE  FACTOR
CONDITION EVALUATED (mmir)  coveee ft mm RC ] (m) (deg) (cmisec) (mm) ¢ 5 OF SAFETY METHOD
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 9 29.88 18.4 0.27 7 28 26 1.531  KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 98 2088 18.4 0.27 7 28 K} | 1.884 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 ] 20.88 184 0.27 7 28 19 1.084 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 602.6 04 il 29.88 218 0.27 7 28 2 12711 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 ] 29.88 15.8 0.27 7 28 26 1.805 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 25 762 0.4 o8 29.88 184 0.27 7 28 2 1548 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 17 51816 04 %8 29.88 18.4 0.27 7 28 2 1521 KOERNER
COVER SOIL TO GEOCOMPOSIE 81 0.000001 2 609.6 0.4 o0 2.4 18.4 0.27 7 28 26 1538 KOERNER
COVER SOIL TO GECCOMPOSITE 81 0.000001 2 609.6 04 120 36.59 18.4 0.27 7 28 2 1519 KOERNER
COVER SOIL TO GEQCOMPOSITE 81 1.0E-05 2 609.6 0.4 9% 29.88 18.4 0.27 7 28 26 1527 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 5.0E07 2 609.6 04 2% 29.88 184 0.27 7 28 2 1532 KOERNER
CQVER SOIL TO GEOCOMPOSITE 81 1.0E-05 2 609.6 0.4 % 29.88 18.4 027 7 33 26 1533 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 1.0E06 2 609.6 04 9 29.88 18.4 0.27 7 19 26 1529 KOERNER
COVER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 04 % 20.88 18.4 0.22 7 28 28 1531 KOERNER
“VER SOIL TO GEOCOMPOSITE 81 0.000001 2 609.6 0.4 9 29.88 184 03 7 28 26 1.531 KOERNER

2014 Matlock Bend Landfill Expansion Submittal HOUSE ENGINEERING 11C




Matlock Bend Landfill Veneer Stability Analysis

43  Step Three: Determine Minimum Interface Friction of all Geosynthetic Components (above the liner)
HE evaluated the geosynthetic-geosynthetic interfaces, such as geocomposite drainage net-geomembrane

interface based on Stark and Poeppel (1994) whose study showed that the geosynthetic-geosynthetic interface
was weaker under low normal stresses (up to approximately 150 to 300 kPa). Based upon the Stark and Poeppel
study HE evaluated the geocomposite-geomembrane interface within the final cover system utilizing the veneer
stability calculations presented by Ling and Leschinsky. HE utilized a trial and error approach using a
spreadsheet developed with the equations presented in the February 1997, Journal of Geotechnical and
Geoenvironmental Engineering by Ling and Leschinsky. (Note: At HE's request, the equations chosen by HE for use
in this evaluation have been previously reviewed and checked by Dr. Robert Koerner, Director of the Geosynthetic
Research Institute, (GRI) at Drexel University.) The results produced very similar results to other veneer
equations. The designer selected these equations as they appear to provide a refinement of previously
developed analytical methods (Koemer and Soong 1995). A parametric analysis was also conducted by varying
the input parameters using the Ling/Leschinsky veneer stability method. Table 5 provides a summa'ry table of
the calculated results attained from the parametric analysis of the MBL final cover system.

The parameters used to input into the veneer slope stability equations developed by Ling and Leschinsky are
provided in Table 4.

Table 4 - Parametric Veneer Stability Analysis of the Final Cover

Parameters

Hyd;au.lllc Thickness Slope Slope - SOIL  INTERFACE

Cﬂnducm’lh‘ of RUNOFF Leﬂgm Angle CDndUBlIVIly FRICTION FRICTION FACTOR
CONDITION P Keoverseil  Loversoit Leaverson COEFFIGIENT L I B Kos Tes  ANGLE  ANGLE, OF
EVALUATED | (MWL) covesc it mm RC ()  (m (deg) (cm'sec) (mm) o 5 SAFETY METHOD
Driliags ko | g4 10006 2 6096 04 08 2088 184 027 7 8 26 1524 KOERNER
Geomembrane .
— 100606 2 6096 04 8 2088 184 027 7 8 31 1864 KOERNER
Geomebrana 81 100E06 2 6006 04 % 2088 184 027 708 19 1002 KOERNER
A 81 100E06 2 6096 04 98 2088 218 07 7B 25 1262 KOERNER
Goanekiing 81 100605 2 6096 04 08 2088 158 0 7 @8 25 18  KOERNER
. 81 100E06 27 829% 04 08 2088 184 07 70 25 1544  KOERNER
Drainage Net o
Geomenbrane | gy 100606 17 51816 04 % 2088 184 027 7@ 25 1515 KOERMER

Table 5 provides the minimumn value for each of the input parameters to provide an acceptable factor of safety for
veneer slope stability as determined with the Parallel Submergence Ratio and the Ling / Leschinsky method.

10 /‘W EEMQ/
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Matlock Bend Landfill Veneer Stabilily Analysis

able 5 - Minimum Required Parameters to Achieve Veneer Slope Stability per PSR and Ling/Leschinsky

Mirimurn

INPUTFPARAMEIERS ; - ;
! valueiRequired

¢ = cohesion (PSF) = 0

Ca = adhesion (note: adhesion has been ignored) = 0
y = wet unit weight of slope material(s) (KN/m?) = 19
= angle of internal friction of the soil (DEG) 19°

= [nterface Friction between soil and Geocomposite drain 26°
H = thickness of soil cover (mm) 518

t = thickness of drainage layer(mm) = /

L = length of slope (m) = 36

= s0il permeability (cm/sec) = 1.00E-05

K, = geocomposite permeability (cm/sec) = 0.22

P =100 yr 1 hr event precipitation in mm/hr = 81

" In summary, the results of the parametric evaluations of the veneer stability analysis using both the Parallel
Submergence Ratio (PSR) and the Ling / Leschinsky equations indicated that a 26° interface friction angle was
required between each of the interfaces within the final cover system to achieve a factor of safety 1.5 against
sliding failure of the cover slope.

4.4  Step Four: Calculate Infinite Slope Stability of the Final Cover System
An infinite slope stability evaluation of the final cover system was also performed using a slope angle of 18.4

degrees. The infinite slope stability analysis was performed with an equation presented by Koerner which is as

follows:

Factor of Safety = tan &/ tan
Where: 8 = interface friction angle and p = slope angle.
Given Input Parameters and Assumptions:
¢ Neglect Toe Restraint
¢ Neglect Excess Pore water, Gas
oy applied from the soil cover at the interface = 400 psf
¢ Minimum factor of safety = 1.5 for Stability

<

Solve for &
Required Interface Friction = & =1.5* (Tan 18.4°) = 26.5°

Therefore, the required Shear Strength of the interface Tyepeace 1S = 254 psf * tan 26.5°
TIHTERFACE = 1266 pSf

11 S
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Matlock Bend Landfill Veneer Stability Analysis

Geosynthetic Interfaces

The Nonwoven Geotextile to LLDPE Interface

Since the peak interface friction angle & of most Composite Drains to Textured Geomembranes is greater than
26°the Factor of Safely is acceptable.

The Nonwoven fo Soil Interface
Assume that the typical efficiency of the shear sirength is 80%.
Therefore:
Factor of Safety = 1.5 = (Shear Strength of Interface / Soil Shear Strength) * 0.8

Therefore, since the required shear strength of the interface (tiegrace) 1S 126.6 psf, then:
Required Shear Strength of the Soil = g, = (126.6/.8) * 1.5 = 237.4 PSF

45  Step Four: Perform Seismic Evaluation of the Final Cover System
The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting
from the seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey
(USGS) has developed an interactive hazard map to determine the peak horizontal. ground acceleration which can
'be used to predict seismic induced ground deformations and movements. However, the use of one ground
motion parameter as a design basis is considered somewhat simplistic since the frequency and duration of
ground motion are equally important parameters. Bray, Rathje, Augello and Merry (1998) have developed a
simplified seismic analysis procedure for geosynthetic-lined, solid waste landfills titled “Simplified Seismic
Design Procedure for Geosynthetic Lined, Solid-Waste Landfills”.
The procedure used to calculate the seismic coefficients, k, using the aforementioned procedure is detailed in
the document titled “Seismic Coefficient Determination” located in Appendix B. The seismic cogfficients
determined from the “Simplified Procedure” for the final cover are as follows:
MHA o = (0.21)(1.19)(0.95 to 1.2) = 0.237¢ to 0.299g
MHEA s = (1.25)(0.237 t0 0.299) = 0.2969 to 0.373g
MHEAver sope = (0.65)(0.237 10 0.299) = 0.154g to 0.194g

Veneer Stability of Final Cover Slopes using Seismic Loading Cogfficients

The highest seismic coefficient (MHEA) calculated using the “Simplified Procedure”™ within the final cover near
the crest of the slope was determined to be 0.373g. This seismic coefficient was input into the Ling /
Leschinsky equation along with the minimum critical parameters presented in Table 5 of this document to
estimate the factor of safety. The resulting factor of safety was determined to be less than one. Since the MHEA
resulted in a FS of less than one HE used the Ling / Leschinsky equation to determine the yield acceleration K,
(acceleration which results in an FS = 1.0). The resulting K, was calculated to be 0.145g.

12 _ il 2O
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Matlock Bend Landfill Veneer Stability Analysis

Using the k., and k, HE estimated the seismically induced permanent displacements for localized sliding near
the crest of the landfill for the design earthquake based on the Simplified Procedure using Figure 3 and the
following relationships:
Knastopecrest = MHEA/G = 0.296 t0 0.373g, and k, = 0.145g, 50 k, / Ky = 0.49 10 0.387
To estimate the permanent displacements (U) use the values calculated for k, / kq to locate predicted
displacements graphed in Figure 3.
Thus, from Figure 3, U = 150 mm = 5.9 inches near the crest and along the slope using both the 50 and 16%
exceedence for M, = 7.
It should also be noted that using the maximum k of 0.194g of the cover slope and increasing the minimum
interface friction angle to 29° while holding all of the other critical parameters constant resulted in a factor of
safety of the final cover slopes of 1.008 which is an acceptable factor of safely according to the USEPA
guidance.

Figure 2 - Cover Liner Sliding Displacements (Bray, Rathje, Augello and Merry, 1998)
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E 1000 .
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:a- 10 3 B i
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g - — — M, = 6.25| median and 16%
= [ probability| of exgeedance ° ]
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O ey M, = 8.0,|median and 16% %
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0'01 1 ] 1 | 1 | i | L
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Ky [ Knox

Note: The values of k, / ki ( 0.49 for 16% exceedence and 0.387 for 50% exceedence ) were used to enter
Figure 3 to determine the magnitude of displacements within the final cover.
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Matlock Bend Landfill Veneer Stability Analysis

46  Step Six: Check Equipment Loading During Construction
Final landfill cover design must be done with the ability to construct the design as a major consideration.

Designs that require numerous geosynthetic components are susceptible to damage during construction. For
example, a low ground pressure Caterpillar D4 bulldozer has a factor of safety of one when placing soil materials
in one-foot lifts above geosynthetics based upon the spreadsheet developed by Te-Yang Soong. The
spreadsheets used to calculate the equipment factor of safety are provided in Appendix C. Therefore, other
iterations could be performed to determine the minimum cushion required between the equipment and the
geosynthetics if the contractor proposes different equipment for placing soil materials on the side slopes. It
should be further noted that soils should be pushed upslope if using a D4 rather than down slope. If soil is
pushed downslope it requires a much thicker layer of soil to prevent damage to the geosynthetic [ayers within the
final cover.
50  Determine Allowable Gas Pressure for Veneer Stability

Thiel (1998) developed a method for designing gas venting layers under landfill final covers which establishes
the primary design criterion for geocomposite drainage nets to provide ample flow capacity. Figure 4 provided
helow illustrates the infinite slope stability equation with gas forces. The formula can be rearranged so that the

— value of the maximum allowable gas pressure can be
Representative Slice Width
b / determined, which is the parameter that controls the
design of the gas pressure relief system.

Equation 5.1 Maximum Allowable Gas Pressure

(F Ss " cm'er" leaver® Siﬂﬁj

tand

u 'cosﬂ =

L= A L
max l’co\fer hco\'er

Where: p,,,, = allowable gas pressure (kPa);

Voo = COVET S0il density (kN/m?);
Neer = SOIl cover thickness (m);

Infinite Slope Factor of Safety: FS, = factor of safety against sliding;
a+(hycosf —u)tan ¢T & = interface friction angle (degrees) for
FS = e geocomposite — geomembrane interface.
hysin 3 B = slope angle

Figure 3 - Infinite Slope Factor of Safety with Gas Pressure
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Matlock Bend Landfill Veneer Stability Analysis

It should be noted that the calculated maximum allowable gas pressure controls the design of the gas relief
system.
Step 1 — Determine the maximum allowable gas pressure using Equation 5.1.

Given: B= 18.4 degrees  0.321141 radians
&= 27 degrees  0.471239 radians
Yeover = 19.9 kN/m3
| —— 0.61 m
FS = 1.5

Calculate:  cosp = 0.948876
sinf = 0.315649
tand = 0.509525

HUmax = 0.238311 kPa = 498  pst

Therefore, in order to maintain a FS of 1.5 the landfill gas collection system must maintain the maximum gas
pressure under the liner system at less than 5 psf.

Reliability Analysis to Determine Probability of Failure

As a result of the sensitivity of landfill final covers to relatively ‘small changes in loading, slope angle, pore
pressures, and interface friction angles as well as observations of cover slope failures HE has performed an
evaluation of the project reliability in addition to the factor of safety approach previously presented in this
document. The reliability analysis presented in the following paragraphs is an approach outlined by Duncan
(2000) and presented by Richard Thiel August September 2008 issue of GFR Magazine.

Step 1 — Determine the Most Likely Values (MLV)

Determine the Most Likely Values (MLV) of the parameters pertinent to the final cover in calculating the factor of

safety. This analysis has utilized the Ling / Leschinsky veneer stability equations for determining the sensitivities
of the critical parameters in calculating factors of safety.
Step 2 — Estimate the Standard Devialions of the Parameters

Estimate the Standard Deviations of the Parameters using the “Three Sigma Rule” due to a limited number of
data points to base a standard deviation. Duncan states that the standard deviation can be determined using the
“Three Sigma Rule” if the designer can estimate the highest conceivable value (HCV) and the lowest conceivable
value (LCV) using the equation presented below:

o= HCVG-LCV

Table 6 summarizes the HCV and LCV of each of the critical slope stability parameters used to determine the

standard deviation using the “Three Sigma Rule”.
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Matlock Bend Landfill Veneer Stability Analysis
Table 6 - Standard Deviations of Critical Slope Parameters

Interface

Liquid Interface Friction Interface

Slope Angle  Slope Slope Depth  Friction Angle, Friction
toover soil B Angle B Angle h Angle, 8 Angle,
CONDITION EVALUATED tooverson  ft MM (deg)  (Radians) COS p (mm) &  (Radians) tan 3
MOST LIKELY VALUE (MLV) 2 609.6 18.4 0.3211 0.949 3 26 0.4538  0.4877
HIGHEST CONCEIVED VALUE (HCV) 25 762 21.8 0.3805 0.928 500 33 0.5760 0.6494
LOWEST CONCEIVED VALUE (LCV) 1.7 518.16 15.8 0.2758 0.962 0 21 0.3665 0.3839
Standard Deviation 0= 0.13 40.64 -0.0056 83.33 0.0443

Step 3 — Compute the Factor of Safety with Modified Parameters

Compute the factor of safety with each parameter increased by one standard deviation and then decreased by one
standard deviation from its most likely values. Table 7 summarizes the results of the addition/subtraction of the
standard deviation from each critical parameter and the resulting factor of safety for each.

Table 7 - Calculated Factors of Safety with Standard Deviations

Interface
Sat. Friction Slope Thickness Thickness Gas
' Wet Unit Wt. UnitWt.  Angle Angle . t t Pressure Factor of
Condition (kN/m’)  (kNIm’) " phi beta (mm) (ft) (kPa) Safety AF
MLV 19 19.9 26 18.4 610 2.0 0 1.524
FS + o for cos 19 19.9 26 19.4 610 2.0 0 1.437 0.193
FS - o for cos 19° 19.9 26 17.3 610 20 0 1.63 '
FS + o for tan 19 19.9 26.48 18.4 610 2.0 0 1.555 0133
FS - o for tan 19 19.9 24.41 18.4 610° 2.0 0 1.422 '
FS +ofort 19 19.9 25 18.4 650.24 21 0 1.526 0.005
FS-cfort 19 19.9 25 18.4 569.36 1.9 0 1.621 '

Step 4 — Calculate the Standard Deviation of the Factors of Safety

The difference in the factors of safety using the plus-c and the minus-c values for a given parameter is termed
AF. A separate AF is calculated for each of the paramelers determined to be critical to_the stability of the slope.
The standard deviation of the factor of safety o; is calculated using the Taylor series technique presented below:

V(0 ) (2

Standard Deviation or= 0.117221
Step 5 — Calculate the Coefficient of Variation of the Factor of Safely

Calculate the Coefficient of Variation (V) using the Standard Deviation of the Factors of Safety and the Factor of

Safely with the Most Likely Value (MLV).

c
Coefficient of VariationV = - P 0.077
FuLy
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Matlock Bend Landfill Veneer Stability Analysis
Step 6 — Calculate the Lognormal Reliabilily Index (5,,)
Calculate the Lognormal Reliability Index () using the Coefficient of Variation (V) and the Factor of Safety with
the Most Likely Value (MLV). | (_Fm_)

n 1+ 2
Lognormal Reliability Index = B, = %
. In +

B. = 56

In

Step 7 — Calculate the Reliability, ( R ) and Determine the Probability of Failure (P)

The NormDist Function in Microsoft Excel is used to calculate the Reliabilily, (R) using {3,y as the argument.
Based upon the Excel calculation Reliability R = 99.99%

Therefore, the Probability of Failure (P) = 1- R = 0.01 expressed as a percent.

So the P, represents about a 1 in 10,000 probability of failure.

7.0  SUMMARY

The veneer slope stability analyses performed in this study were focused on final cover slopes designed to be
constructed at a three honzontal to one vertical slope ratio with a vert tical relief ranging from 30 to 40 feet between
benches/tack-on swales which pmvnde drainage rehef from above t the geosynthetic components of the final cover. |
The objective of this veneer stability analysis was to determine the required minimum parameters that will provide the
proposed final cover system with adequate stability. The parametric studies did substantiate GRI report # 19 that
cautioned designers about the impact of percolation rales on cover slope stability. Based upon numerous calculations it
was determined that the maximum hydraulic conductivity for the 24 inch final cover layer should be 1 x 10 = cm/sec.
Again, all of the minimum required values for the parameters critical to the veneer stability of the Matlock Bend Landfill
final cover system are summarized in Table 8 along with the minimum required interface friction angles.
However, it is absolutely essential that laboratory interface friction testing be performed with the soil materials and
geosynthetic materials to be used in the current final cover system prior to commencement of construction. Specifically,
the following interfaces must be tested:

e Soil to Double Sided Geocomposite

o Double Sided Geocomposite to Textured FML

o Textured FML to Soil
The required interface friction angles appear to be attainable based on a review of the literature provided by various
manufacturers.
Finally, with respect to seismic stability of final cover systems it has been the opinion of the Tennessee Division of Solid
Waste Management (see TDSWM Earthquake Evaluation Guidance Policy, page 14) that the veneer type of slope failure
will generally not result in a catastrophic type failure which would result in an adverse impact to human health and the
environment.
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Matlock Bend Landfill Veneer Stability Analysis

Table 8 - Summary of Minimum Interface Friction Requirements

Slope Angle Dg;"'&?r'érg
Interface Method B qs
Degrees Degrees
Soil to Geocomposite Parallel Submergence' 18.4 26
Geocomposite to 40MIL LLDPE* Finite Slope? 18.4 26
Any Interface under Seismic Loading Finite Slope® 18.4 29°
Landfill Gas Pressure Thiel/Richardson 18.4 27
Any Interface Infinite Slope 18.4 26.5

Assumptions
¢ = cohesion (PSF) = 0 _
' ‘Ca :'adhesion_ (note: adhesion has been fgnored) =)
Y = wet unit weight of slope material(s) (PCF) = 127
@ =angle of internal friction of the soil (DEG) = 28
1 = pore water or gas pressure at the failure interface (psf) = 5
K. and k, = vertical and horizontal seismic coefficients (g's) = 0.
H = thickness of soil cover (FT) = 2.0
L = length of slope (FT) = 98
P = precipitation in mm/hr = 81
FACTOR OF SAFETY = 1.5

Other Required Parameters
Kson = soil permeability (cm/sec) = 1.00E-05
Kaeocemposte = g€OCOMPpoSite permeability (cm/sec) = 0.27

NOTES:
1. Koerner and Soong

2. Ling and Leshchinsky
3. Using k., of the cover slope and a Factor of Safety of 1.0.
4. Weakest Interface.

18
2014 Matlock Bend Landfill Expansion Submittal

= 2 i)
HGUIE ENGINEERING LLC




APPENDIX A
MAPS/NOAA INFO



0c 2g- .00.68- .0€.€8- 00.r8- 0S.b8- .00.58- .0£.98-  .00.9%-

: : — e e e e N . v oY W &V <

_ ~ Af el 1 e L i : .OO ummﬁ
00°0 ON W By L 3 5 33ISSINNIL
Mmm s B R Je1seyauip’
€004+— |
¥0°0
90°0
80°0
0L 0
cL0
gL 0
0Z0
G¢c0
0€0
0)40)
0G0
09°0
080
060
00'L

SH

0€ .G¢

00 .9¢

Angeqoid .0¢€ .9¢

_ﬁnﬂﬂ_.u__._ﬂ_.,—m_nﬁsﬂ 33SS3IANNIL

JI8SINNIL

GL'GEIP Iy'¥8-elS [oroN YHSd 6002 Aenng [e2160j0sD "S'N

W 0G 9 SIeak 00GZ UIYNM Q'L < [N Yum sxenbypes Jo Ajljigeqold



Savsssdousin

ey - - -  rm - -

b i {B%) £2°HFIA 05 Ul S60TP3S 0'T
Jr SR ,_ =4 (69%) 68°6E| A 05 Ul 9LEPas €'0f |

- / (D%} 6€ E€T[SIA QS Ul %0TPas T
rboq) #1°€2| SIA OS Ul 8%E] wOd
(Bon) 647084 OS Ul 950T| WOd

amEm,mmlmmW

syney dew prezey @

SERS Og L 2AUEHSIONE
1

T — 48 RIEEQEE 56T Ik UBIRIS(RI08 PUAISE-(1L

sy 5 W SAUEREILE -
10 fpaegoud g LU, USIEIS(E00S pUdsss-g)

siEad 5 W 30UEIEImE -
i
40 FuCEqRLS! 357 L LOIEIHSI08 PUSIBS-TY T

SiEEh 05 L SIUE0EI00

20
| I
| 1o fapaenosd gen LI OoIEIR|SEI06 pUaoEs-Tl T

- __ i
!
= 7 =igad 03 Ul 20UBPEAE 40
- \ ._.... ﬁ Syugecord s wpva (S9g) vonsusEcse puncil Heas -
||._ - ___
_ LIS | ek _... _ sERh J5 Wl AcuspaesE 1o Qpgeeoud -
ﬂv.|lﬂ f { a0l v (Hog) vapEsmEess puncad u._qmu__u
{0°cg- - 0STE-] T4TETP'#8- :apnybucy ...|_v \\.Ly m
(0'0s - m.qwu,l S4FL'SE repmanET |_r_ A SausEdus
|~ _ ey p————mee— ]
"opnyibua] pue apmnej b5 - sdew piezey |~
Jajua Jo “uoryedof jeb o3 dew uo Moy m.. //m_ﬂ. ,
| : G~
x uojfie] Aq plezey _ s|00]  SISAET
800¢ pleZeH dlwWsi=s SN

HOMVISIY ONIFOLINOW NMYE Viva SQUEVZIVH SIRNVNOHLAVI

N SN peiuo) | snanoqy



NOAA Atlas 14, Volume 2, Version 3 LOUDON
Station ID: 40-5451
Location name; Loudon, Tennessee, US*
Coordinates: 35.7333, -84.3333
Elevation: )

Elevation (station metadata): 244 m*
* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PE_graphical | Maps_& aerials

PF tabular

PDS-based point precipitation frequency estimates with 90% confidence intervals (in
millimeters/hour)’
Average recurrence interval (years)

Duration

1 2 5 10 25 50 100 200 500 1000

§-min 102 120 140 161 186 208 231 253 283 311
(84-113) || (110-131) || (128-153) || (147-176) || (169-204) || (188-228) || (206-252) || (224-277) || (247-311) || (267-342)

10-min 82 96 112 129 148 166 183 201 224 245
(76-90) || (68-108) || (103-123) || (118-141) || (135-162) || (150-181) || (164-200) || (177-220) || (195-246) || (210-270)

15-min 68 80 95 109 125 140 154 169 188 205
83-75) || (74-88) || (87-103) || (99-119) || (114-137) || (126-153) || (138-169) || (149-185) || (164-206) || (176-226)

30-min 47 55 67 79 93 106 118 131 150 166
@3-51) || 51-61) || (62-74) || (72-86) || (84-102) || (85-115) |[(106-129) || (116-144) || (130-164) || (142-183)

60-min. 29 35 43 51 62 72 81 92 107 121
, @7-32y || (32-08) || (39-47) || (47-56) || (s6-68) | (64-78) || (73-89) || (81-101) || (93-118) || (104-133)
2.hr 17 20 25 30 36 42 48 54 63 72

(16-19) || (19-22) || @s-2n) || @7-33) || (33-39) || (38-46) || (43-52) || (48-59) || (65-69) || (61-79)

3hr 12 15 18 21 26 30 34 38 45 50
(1-14) || (14-18) || (17-20) (20-23)l (23-28) || (27-32) || (30-37) || (34-42) || (39-49) || (43-55)

6-hr 8 9 1" 13 15 18 20 23 26 29
(7-8) (8-10) (10-12) || (2-14) || (14-17n) || _ve-19) || (18-22) || (20-24) || (23-28) || (26-32)
12-hr 5 6 7 8 9 1 12 13 15 17
(4-5) (5-6) (6-7) (7-8) (9-10) (o-11) || (1-13) || (12-14) |[ (13-16) || (15-18)
l’ 24-hr 3 4 4 5 6 } ] 7 8 9 9
(3-3) (3-4) (4-5) (5-5) (5-6) (6-7) @-7 7-8) (8-9) (8-10)
2.day 2 2 3 3 3 4 4 5 5 6
(2-2) (2-2) (2-3) (3-3) (3-4) (4-4) (4-5) (4-5) (5-6) (5-6)
3-day 1 2 2 2 2 3 3 3 4 4
(1-1) (1-2) {2-2) (2-2) (2-3) (3-3) (3-3) (3-3) (3-4) (4-4)
4-day 1 1 1 2 2 2 2 3 3 3
(1-1 (1-1) (1-2) i (2-2) (2-2) (2-2) (2-3) (2-3) (3-3) (3-3)
7-day 1 1 1 1 1 1 2 2 2 2
(1-1) (1-1) (1-1 (1-1) (1-1) (1-2) (1-2) (2-2) (2-2) (2-2)
1 1 1 1 1 1 1 1 1 2
10-day (1-1) A1) (1-1) (1-1) (1-1) (1-1) (1-1) (1-1) (1-2) (1-2)
0 0 1 1 1 1 1 1 1 1
20-day (0-0) (0-0) (-1 -1 (1-1) (1-1) (1-1) (1-1) (1-1) (-1
0 0 0 0 1 1 1 1 1 1
30-day (0-0) L(O—O) (0-0) (0-1) (1-1) (1-1) (1-1) (1-1) -1 (-1
0 0 0 0 0 0 0 1 [ 1 1
45-day (0-0) (0-0) (0-0) (0-0) {0-0) (0-0 (0-1) (0-1) (1-1 (-1
0 0 0 0 0 0 0 0 0 0
60-day (0-0) (0-0) (0-0) (0-0) {0-0) (0-0) (0-0) {0-0) (0-0) 0-1)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).

Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation
frequency estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound)
is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently
valid PMP values.

Please refer to NOAA Atlas 14 document for more information.
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ENVIRONMENTAL

= ¢ SEISMIC RESPONSE EVALUATION OF THE MATLOCK BEND LANDFILL
Determme the Seismic coefficients k, for use in the analysis of the landfill waste mass and final cover

The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting from the
seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey (USGS) has
developed an interactive hazard map to determine the peak horizontal ground acceleration which can be used to predict
seismic induced ground deformations and movements. However, the use of one ground motion parameter as a design
hasis is considered somewhat simplistic since the frequency and duration of ground motion are equally important
parameters. Bray, Rathje, Augello and Merry (1998) have developed a simplified seismic analysis procedure for
geosynthetic-lined, solid waste landfills titled “Simplified Seismic Design Procedure for Geosynthetic Lined, Solid-
Waste Landfills. The following paragraphs follow the steps outlined in the Simplified Procedure to characterize
predicted ground motions at the Matlock Bend Landfill.

Given:

The proposed Matlock Bend Landfill a 60 m high landfill founded on stiff soils approximately 16 km from the East
Tennessee Seismic Zone. The largest recorded earthquake to the Matlock Bend Landfill was a 5.6 magnitude
earthquake located 41.29 km (25.66 miles) to the northeast.

Determine Earthquake Paramelers:

1. Estlmate the median Maximum Horizontal Ground Acceleration (MHA),Mean Peﬂod of Acceleration Time History (7,,),
and Significant Duration of Acceleration-Time History (Ds.s)values of the rock ground motion:
- M, 6.0 7.0
Distance 16 100
MHAzoc 0.1g 0.21g
i 0.45s 0.72s
D5_95 73 2?
(b) (c)
@ I aukestp W07 7173 g T T 1
ot s 8 50 [ 3
@ ARt
G g 40F o
0.1L — w = Eo. E
% F —— M. =60 3 e g 30F- E
[ - - M, =70 “F ] Ezoz_
..M, =80 0,2:_ _' %10::'
0.011 Il“'“';lo IIILLL‘;J(-]D 0.0: Ly 1 | l_l: i%, 0:| L 1o+ b s 1 1
Distance (km) 0 20 40 60 80 100 0 20 40 60 80 100

Distance (km) Distance (km)

Check Design MHA Values.
HE performed a comparison of the probabilistic peak ground acceleration determined with Figures a-c by entering the
latitude and longitude of the site was entered into the 2008 USGS Interactive Map (see Figure 1) to determine the peak
ground acceleration (PGA) for the 2% and 5% probability of exceedence in 50 years which are presented below:

10% PGA in 50 yrs. 0.068¢ and the 2% PGA in 50 yrs. 0.23g
The PGA values from the USGS interactive map fall within close proximity to the range of values determined from
Figures a-c therefore the seismic coefficients will be selected from the Figure a since it is sensitive to earthquake
magnitudes.
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Matlock Bend Landfil L JSANTEK

Determination of Seismic Coefficients =522 ENVIRONMENTAL

Figure 1 — USGS Hazard Map with Probability of Ground Accelerations
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2. Calculate the seismic loading, MHEAgs:

Bray et al. (1995) found that the MHEA for important

base sliding case depends primarily on the dynamic Shear wave velocity, V; (m/s)

properties and height of the waste fill (ie. its L
fundamental period, T,, as described by T, = 4HAV, ] L AT
where H= height of waste fill, and V; = average initial B ’
shear wave velocity of the waste fill) and the MHA and §
T, of the input earthquake rock motion. Based on an
examination of Figure 3 the average velocity (Vs)
profile of waste would approximate 180 m/s at the :
waste surface, approximately 250 m/s at a depth of 30 -
m, and approximately 325 m/s at a depth of 60 m. s e o b
Therefore, a reasonable weighted average for Vs WOUIA | gigures. shear wave velosity profites for municipal solid-waste (after Kavazanjian et

approximate 250 m/s. =
Calculate the fundamental period T

T, = 4H/V;

T, = 4x60/250=0.96s,

Where H = 60 meters and V,= 250 m/s

Pusssens

Recommended
+ range

Depth (m)

a5 |- /
.l

[ Average profile

Summary of Parameters
Fill Thickness (H) Initial Shear Wave Velocity V, = 250 m/s Fundamental Period T,
60m (~200ft.) 250 m/s (820 ft/sec) 0.96s
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Determination of Seismic Coefficients

Base Sliding Analysis — Determine the seismic coefficients along the landfill base for the design earthquake.

Matlock Bend Landfill é ; SANTEK"

Determine MHEAgse0f the waste fill for bottorn liner sliding using Figure 6.

Calculate T,/T,, which is the fundamental period of the waste divided by the mean period.
T,/ Ty, = 0.96/0.92 = 1.043

Enter Figure 6 to determine MHEAgsse/ [(MHAgoc) (NRF)]

Based on Figure 6 the valugés of MHEAsse / [(MHARacd (NRF)] = 0.72 and 0.54 for the 16% and 50% exceedence

And also from Figure 6 NRF = 1.19 for MHApgex = 0.21g
Therefore: MHFAgsse = (0.21)(1.19)(0.72 to 0.54) = (0.18g to 0.13g)
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& 16L* 16 and 84! probability of exceedance lines
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Figure 6, Normalized maximum horizontal equivalent acceleration for base sliding
versus normalized fundamental period of waste fill (adapted from Bray and Rathje 1998).

Cover Sliding Analysis — Determine the seismic coefficients near the crest and slope for the design earthquake.

3. Calculate the seismic loading, MHEAcoyz.

2'2_°'t'l'!_‘|'l‘l'l'
20 -, Rock site median
i8 [ - — — 1¢!h and 84! probability of exceedance lines
1.6 [«°%
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o2l
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Figure 8. Normalized maximum horizontal acceleration at the top versus lhe
normalized fundamental period of the waste i)l (from Bray and Rathje 1998).

MHAgocx = 0.21g, Ts/ Ty, = 1.043
MHA e | [(MHARoc) (NRF)] = 0.95g to 1.2g (50%/16% exceedence ) (Figure 8)
Determine MHA g,
MHA / (0.210)(1.19) = 0.95 to 1.2 (50% / 16%) from Figure 8
MHARe = (0.21)(1.19)(0.95 to 1.2) = 0.237g to 0.299g
MHEAyercrest = (1.25)(0.237 to 0.299) = 0.296¢ to 0.373g
MHEAcoyer swore = (0.65)(0.237 t0 0.299) = 0.154g to 0.194g

MHATR | [(MHArock ) (NRF)]
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APPENDIX C
CALCULATIONS
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MATLOCK BEND LANDFILL 2014 EXPANSION v| v‘

WasteServices
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002 gZ0 009 y20 009 €20 HH ve

ooer 68l 00 s9'L 00'9e el HHZ

00’18 6L'E 00T £8°2 00°2Z9 vz NIN09

(ww) (NI} (ww)  (NDmAos  (ww)uasz (NI M¥A SZ NOILYHNG
HAO0L  MA00L A0S

“IU/SIUR Ul fsuSul [eurey
(v1 Senv YYON wos) ANVINANS NOILYLIdIDTd V0T

¥2°0 0'06 Z-NDOL et gz-8L 66l
ulslqual
LZ°0 Log* 0'oo0L wHLIN zle 9z - 8L 99l
- 000L ¥ 5000° L3N X3L
-jsdooc’ol e
sosun  savubep 20s/,W wdB 48d soalBoep SWNY
M o$ utw *bas Aaissiwsuen 93y MOld e RS ]
1 XYIN IVINEON

LEL

g0l

14norsdt

paEs),

Apg

PIL 108 AVID

APL 9108 AV

‘g/6ue ado|s au) PUB LONDL} SEMEIUI IR AJBJES JO JOI0B B} O] BANE(D) S1ajBWeled [BRUaNIUI JSOW By Jey) 21edipul Apeap ones sauablawqns (a)esed ay) Buisn pajeinojes A19jes JO SI0j0EL BU) JO MBIARL Y

YINSFON  LESTL 92 14 L €0 '8l 88'6¢C 86 ¥'0 9'609 4 1000000 L8 3LISOdNCD0ID OL TI0S ¥3AN0D
WINY3IOH  LES'L 9z 82 L Al '8l 88'6¢ 86 0 9'609 Z 1000000 18 3LISO4N0203D OL T10S "W3ACD
HINY3IOM  6ZSL 9z 61 L LZ'0 gl 2862 26 o} 9609 z 90-30°L L8 ALISOLNOT03D OL TI0S {3N00
HINYION  EESTL jera ce L LZ0 '8l 88'62 26 ¥'0 9'609 [A 90-30°L 18 JLISOdINOD03D OL TI0S ¥3IA0D
HANY3OY  ZES'L 9 8¢ L 20 el 88’62 86 ¥0 9’609 e 20-30°S 18 ILISOdNO2032 OL 7108 ¥3ACD
HINYIOA  L2S'L 9¢ 214 L LZ0 78l 88'6C 86 0 9'609 Z $0-30°L 18 3LSOdNO203D CLTIOS ¥3A0D
HINYSOM  6LS7L 214 8z Z 20 '8l 65°9¢ 0zl 0 9609 C 1000000 L8 JLISO4NOO0TID OL T1I0S ¥IN0D
HANEION  8ESL £74 g 2 20 '8l PrLE 06 ¥0 9'609 Z 1000000 18 J1LISOdNCD0ID OL NOS HWIANOD
H3NWIOM  les'L 9g 8z i 420 '8l 88'62 86 0 9L'8Ls L'l 1000000 (%] 3LISOdINCD03D OL 1108 ¥3A0D
HINYION  erEL 92 14 L 20 gl 88'62 26 0 9L §T 1000000 18 JLISOdINOD03D 0L 110S JY3N0T
J3INEZOM  908L gz 214 L LZ0 2'sl 88'6¢ 86 #0 9609 g 1000000 L8 JLISOdINCD03D OL 708 HANOD
d3INEA0ON  LLZL LeTA 2¢ L 20 A 88'62 86 0 9'609 4 1000000 18 JLISOdN0D03D OL NOS ¥W3IACD
g3NyIOM  p80°L 6l 2¢ L 20 el 28'62 26 0 9609 z 1000000 L8 ALISOJNOD03ID OL 0S ¥3A0D
YINWION  #88°L LE ez L 20 P8l 2862 86 4] 9'609 A 1000000 18 J1ISOdN0D03D OL 1108 ¥3N0D
HIANYION  LESTL 9Z 82 L .20 raci 88'6¢ 86 0 9'609 4 1000000 18 JLISOdNCD0ID OL TI0S W3N0D
QOH1ZW  AL3dVS g o {ww)  (cesqwo) (Bap) {w) [th) oy ww 3 o (rayy/usu) QaLvAIYAI NOILIANOD
40 ‘ITONY  TIONY 59y 59y d 9)6uy ado|s 1 1 INTIOIIJZOQ  Hemdonody  jlessshody (19830402 y d
HOLOYd  NOWLOIMd  NOILOA MAnonpuos ybuan 136ueT 440NNy AyAnonpuod
JOVAUILNI T10s ado|g ado|g afneaphpy
suoRIpuoD

SISATYNY JILIANVHV

13N ZayNIVHd 3LISOdIN0I0TD ¥IAO TIOS WILSAS ¥IAAND TVNIL

/
—

- \




WS ‘B161085) 'BIUENY -SONSUILASORD) U0 S0USIBUO [BUOHEUIBI] .9 'SHOS JaA0D) J9BUSA Jo uBisa( puE sisAleuy "886) ‘BUSOS "A-L pUB USLIBOY W'Y

Buocg Buei-a1 Ag palanisuos SaNBA PEEINSIED I SONBY Ul SIequint
[~ Senjen ndUl Ik $8X0q Ul SISGUINU|:aioN

(pely gro = 092 = ¢ = suriqwawoal pue jos Jan0o usamjeq s|bue UohoLy spepalul
(pes) 680 = o 082|= ¢ = 110S 1909 3y} Jo 86U UoKoLy
AN V86 = M = daiea jo JyBiam yun , 000°0 = ¥Sd
SUND| BB = RIE4 = (105 JDA0D B4 JO WBlam Jiun pajeines w 000 = By
JUNL L= MR/, = LOS JAACT Bl 0 Wbtem lun Alp
oasj W L0-H8 = b
W 000 = *y = oUeiguIawosh oy} WO PaINSEstl S0BUNS JajeMm au} Jo Ujdap
000 = HSd = oel souabawqgns |aitered 1afe| obelep 8y $2 1 feay
W $5 = M =30} oyl wol painseaw adols sy jo WY [edtan ¥BLEET = 271G YW 200 = N N7 ?w Jr0GR Joke] 105 BUO AU 1 1BI0N .
(pes) ge0 = . ¥8L = ¢ = suriquawoal sy} yiesusqg 2|Sue ado|s |los BITTRTY L1000 = B XS
L
W op =7 =dueigquswoab au Buole painsesw adojs 10 yibus) (I ¥00 = OMId
W Ze'0 = Y = [I0S JBAGD JO SSOUNIILS Jyjww 86708 = Jount [ensy o= oy
Jyswi ree =(0uld dywa 00°L8|= o
a
_< ool SAW E0H0E = 5910 Py spus| Lo-S0°C|= S92 10 Py
s 80-30% = STy S/ 9o-30°L|= Oy
n LS Y
ey ﬁ \ﬁwmm N u 290 =Py + SOy
" T wyatisd 1E5°L s W 400 = 52500 Py wut 0Z]= 5250 Py
LSt =84 0000 o5d W g0 = 5%y Wi 0L8)= 594
Eay gicez |=o00| W 6 =x
522 =2 g l__l / W 2852 = (gs02)7 o ¥ell= ¢
GOSL = Q 8Gle0 =/ w O.WN = 4
g'B8 = B UM froanynd
2z gus=
et S = n T Qmm._uu UB)) WS =i
By v
Ny 90FEt =N vy o0l
NY 9BFS0L = 9M
,.m_mﬂm>> m>_.wwmn_
H SOy
Nt 9ze0BZ = YN
MY Lo-IEr =0 Feoou gup
MY BEER0D =N e -
NY 216662 =Y aBpam anoy {8)
BOPSIA DAY
ST TORETES X

W54 PUE 510 §0 UOHE[o[es




Buoog BueA-af Aq DejonnsuoD

{pel)
{'ped)
('pes)
588 =8+
£es =2
g18.- =g
e'eg = B alaym
87
28 - N&“E--wm
NE go-geL =0
Mo9BEE0E = 9M
“mmﬂmg ERIEEEN
N BLE08Z = YN
My Jo-pe = 'n
NY ESZE0C = Yn
Y ggeez = YM
If SANOY

53 J0 UONEnoE)

o 'elfioen ‘eluely "SORSYIUAS09S) L0 SDUBIBJUOD [BUCTIEUISIU| G "SIOS JAADD) J133UdA Jo UBISaQ pue sIsAleuy ‘8661 ‘BUCOg "A-L PUB 18MIaoy 1Y

SBNEA POBINOES 818 SN Ul SISGUINY

SONJEA JNdU] SIE Sa%0q Ul w_mnE::_”Qoz
S0 = J oiel= 2 = surlquiswosB pue jos Jeros usamiag a|Bue uonoLy BoRLPIN
650 = o 08Z|= ¢ = 105 19700 38U} J0 91Bue Uoo)
JUNY 188 = M= usiea g0 wBam un 1000 = ¥Sd
JAUMNS| BBL= ARA = oS JaA00 BU) Jo JyBiam Jun pajeines w 060 =y
JUNY| 98LE= &P{, = 10§ 28A0D YJ Jo JyBiam jun Ap
o8/ W L0387 = o
W 000 = “y = suUBIqUIBINas Sy} LI0J) PRINSEIW I0BUNS IBJEM BU) JO Uidap
000 = S =0hel @ucmm‘_mrcn:m _m__m.“mn *1ake] mumc_m._v au se i ijeal)
W F6 = [ = 50} BY) WOy painseatu adojs s Jo 1y BiaYy 1eomIaA SHOLE = D70 AU 120°0 = M1 X hD snoge Jakel 1108 BUG Ajuo Ji SION .
zZE0 = . FBI = g =oumiquowoab ay; yeausq aibue adols |10s yzw L6070 =" xnd
W og =7 = suerquswoab oy Buoje painsesw adojs jo yiBue| YU P00 = DYI
W 290 =Y = |[0S JOACD JO SSIUNDIYY Jyfuue g96'08 = fount jemoy #0|= oy
Jy/ww pze = (M) d Jyww o0 1e|= g
_ obpam anssed (d} S/ £O-FLE = S9yU0 Py s/WD! LO-T2'2|= FVy 10 Py
! S{W B0Fe = Oy $/wo|_g0-30'}|= 9y
n AE ‘
e W Z90 =Py SOy
n \ 7 - I#I ;ﬁnmﬁ opgL Sd w 100 =59 )0 Py s 0li= .m.nw,:o 2y
1/\\ L0070 ¥Sd w 90 = oy L orgl= S0y
e ﬁm LT | =20 w EF6 = X
& 1 N\ W $£9Z = (g500)7 N
95180 = | ot} G62|= 7
fgrogngsd
Jus=
i e - 00k

feos fups as.u
——"

abpam aapoy {&)

m.._vq

.c...

S

I.... ,..v...ma.

u....m..ﬁ... Sty

(=) uep) ups =t

Q0L

TSd PUE 514 Jo UoHEINIIED




Buocg BueAi-al AQ pRIORLSUOD

('ped)
{'pes)

{"pes)

ye0°l =84
2'9L =2
6CLi- =4
s'gg = B aIsym

ez
I

NY 90-99°L ‘n
NY Q6H50L M
"SOPEAA SAIS5Eg

i

]
<
=2

MY BLE08E
NY L0-FP'G
N¥ £5260°0
Nt 2C968
SEESR IAY

I 10 UCHENIED

douon
T & &=
N

“war "eBioag ‘BUBNY ‘SONBUIUASOSS) U0 SoUSIBJUOD [BUSIBUIBIY| 8 SII0S JIA0D J9aUsA (o ubisag pue sisAreuUy 'gE61 ‘BUOOS “A=L PUE 13WSOM NN

SONJEA PAIBINGIED 2JB SOIEY U SJaqUny

SSI[EA INGU] BIE S6X0 U} SJAQINU]BioN

13

5Bl |= ¢ = susiquauIoab pue |los Janto usamieq ofbue uonaLy aoBMELl

D82|= ¢ =105 Janod ay) jo BiBue uolou

126 = A4 = 121em Jo Wybtam un

B8'84|= ™4 = (10s 19A00 BU) Jo JyBIam yun psleinies

99l {="PL = 10s 180D U} Jo JuBlam pun Alp

000 = My = oueIqaI0aB Byl WOI} PAINSEAW SIBLNS JSBM aU) 10 Uidap

00'0 = HSd = onel aoushiawgns [aieled

'8 = M = an) 9y} Woly painsesw adols auy jo biay |eaipan
¥'2L = ¢ = sueiquowoab ay) yresusq ajbue adols 10s

oe =1 = 2ueigwawosh ay) Buoje pansealw adols jo LBus|
Z9'0 = 1 = JIOS I9ACD JO SSaUYDIL)

n

obpam anssed q;

iy aygd

froamyd

ffroojuis gute
——

afipam amoy (e}

LO0Q = ¥S5d
w

o3sf,W 0

SLPO'LZ = 07 UM

S/l 80307k

.E\n.:.._
) g/
Iy
Ay

S/ £0
w
¥80°L S w
1000 HSd i
WwolT | =01 w
W

951870

= JOUn By

1

if

)

Jafe| eheUIEIp 9U} S8 11 18al)
?o DACAE JOAR] 1O BUC AJUD )| :BION .

¥0l= oo
yruwi 00TRi= d
s/woi LO-3.°2)= 59y 10 Py
sjuo| 90-a0'L|= Py
LI O.N“mmuho .uE
ww 018]= 2y
. ¥'8L|= ¢
w 66Zi= T

~,~”~M~

f,.,,
m
”wmr a«

.. .._..r Mﬂw_.ia

HSd PUE 10 30 UOREo[ed)




Buoos Buei-a] Ag pajonisucs

("ped)
(pey)
(‘pel)
2LTE =S
552 =2
gigl- =9
Ao = & oJaym
ez
98y- 7+ -= 84
Ny LO0-SPE =0
NY 99E9LE =9Mm

TBhpe/ DAISSEL

NY EBGGLE = YN
N 2038 =9n
NY §5200 =N
N OLoE'esE = Y

“wS ‘etBIoas) ‘BUEY ‘SNSUUASODD UD 23U218jU0S [BUCIRWIAIY] , 'S|I0S JOA0D 18auap jo uBisag pue sIsA|Buy 'ge6 1 "BUo0S AL PUB “JBUWIBOH N Y

sanjeA pajenajeo 8l SIe U SIeqLInU

[ san[ea jndul ale saxoq Ul sIaquinu:sion
SE0 = | oozl= ¢ = suriquatueab pue jios 19A00 uaam)aq 216ue uonsly aceLaul
680 = of O'8Zi= ¢ = nos JsA0o sy} Jo a1bue uoou;
NN LE'E = M = aerem o wbiem pun 0000 = ¥Sd
L[ 8'61]= A4 = os seaod dul jo JyBlam Jun pajeanes w 000 = Bty
RUVIN R MB) = nos Janoo aul Jo yfiamun Ap
oasf Wl 0392 = b
W go0 = Yy = suelquaosb au) woll PLINSEIL IDENNS J8JEM au] Jo Yidap
000 = S = ohel souabiawans |ojeed "1DAE] BERUIBIR DL B Y jend)
W L = 4 = 90) 9l Wos paanseaw ado)s su Jo yhiey [edpea ¥66262 = D10 JuLw SE60 = X hi2 anoge sake) 1os 2uB AjUS J1 1SION «
880 = . 8% = ¢ = suriquawoab ay) esuaq 2|6ue adojs pos - S LO0'0 = PP e 1
W of =7 = surRIquoweab syl Suole pamseaw ado(s o YiBus) FFTIT] P00 = OMTd
W 290 =\ = |I0S JOADY JO $SBUNDIYY Ay 9608 = Jouni [enjoy P Ol= Ox
Jyauw ree = (o) d Jywwf p0'lel= o
aBpam ayssed (a) S EO-TLE = SOy U0 Py s/wot L0-3LE|= S0y 1o Py
ﬁ S/ 030t = Sy swn| 90-30')L{= SOy
o mu. .
froaned _— i w 290 = Fy+ SOy
" II_,I ;ﬁ&um LT $d w 00 = .mm; Jo P it 0'll= mo,ﬂ 0Py
00070 HSe! w 90 = ¥y ww otgl= 52y
we g6z5C |=07G] W oukk=X
k] |PI / W F2LZ = (gs02) 7 o 2'1z]= o
pLLEQ = ] w B'RZ|= 7
[froavytd
Fuss
W 00t

fsonfine s
TR

<Bpam anroy (e}

9_;;..

me m..awm.,m

Ko

(=) uenus =1

0ok

95d PUE 5] 30 UOjEMOTed)




"wan '2ibloss) BBy *$oNaLILAS08S UC 20URISH0D [RUOHEBLISIL| 0 "$I0S JaAeD Jasuap Jo ublseg pue sIsAeuy 'g66) 'Buoes "A-L pUE B2 W'Y

Buoog SueA-8) A paionSu0D SanjeA PAIBINSIED ale SoNe) W SJaquuny
, _ SB0[EA IndU| 8J& $8X0] Ul SIBGLUNU| SN

{pen} opo0 = J062)= ¢ = aueiquiswoaB pue 1os Jancd uaamlag 816ue Lonouy S0
(pes) 650 = 1 082|= ¢ =05 1800 BU) Jo 316ue uoyol
SNy Lee = M = Jajea Jo yBlam Jun 1000 = NS4
SJUNY| BBLi= PRI 4w |10 1AA0D 2U) 1O WSeM JIUn pajeInies . w 000 =™y
SN]SO |= MY, = |10S 19A0D 2Y3 JO WBam Jun Ap
288, LO0FET = b
W 000 = "y = suelquisosd sy} WoL PRINSEIW SYBLNS JBIEM ST Jo Yidep
000 = XS = Cne: scuabiawgns |ejeled “JBRE| SBEUTEID 24 52 ) Jeol
W 18 = 4 = 20} ) Woy paunsesus adols au} jo JWBiaY [2oaa 8868°LL = 271Gy W 6L0°0 = MO TS _,Ho BACGE JOAR) 10§ AU0 AJUO J1 :RION |
(‘pea) @20 = . 8% = ¢ = sueiquawoab ay) Yeatiag abue adejs los BUTATH 100°G = ™ X1
w 0g =" = sueiquawosb auy Buoie painsesw adofs jo Yitua) TSI POD = DNYSS
W 29’0 = U = 108 IBACD JO SSaUNDIY] Jyjua 9608 = JouUnt [emoy vOl= oy
Juiw rze = (0¥ d yuw|  o0'Lgls o
ant .
h a0pem anssed (@) S £0-TLE = SOy 0 Py spuo] 103 zl= 2y 00 Py
m S/ gorF0L = SOy SAUD| 90-H0' )= STy
FER
o
.%u_,:ﬂ/ ﬁ v . . w 290 =Pl + S0y
- l/w.wwr Jﬁl huummm - g0gL 54 w oo = .m,,.uto Py wi O Ll= m& Jo Py
808t =5 geos Logo YSd w gp = Sy ww aLgl= 9y
7 -~ : 6684 | =070 w plEg =X
0'0e =2 3 1 / W 8482 = (gs00)7 . g6Li=g
o =g £2LEC =} w B'6Z(= 7
Q4L = B aaym 0a%s4
-1 Jus=
98y~ g =S " 00}

(1m0, ) s =

Nt 9g-gie =N
NY B0SDEL =9M
"BBPafA SAISSEY

00}

NY 964'282 = VN

N 20887 =N ¥ Groodur fhis

N EOLLO =N T

MY GLO'PEE = YA atipom anioy (2)
ST TS X

US54 PUE T 1q JO UGHENIED]




“wan ‘2151089 ‘BIUBNY "SOISUASODE) UC SOUSISUOD [BUOIBLISN ,.Q "SII0S JAAGD J95UaA Jo UBISa( PUB SISAl2uY 8661 'BUO0S “A-L PUB ‘ISLIB0Y NN

Buaog Buei-al 4G PSISNASUOD sanfea pajeinojed ale Soyey Ul Sloquinu
[ Sen[en AU 618 S5X0q Ul SISqUINU] 310N

{pes) sp0 = [ 082]= ¢ = auriquiawoal pue |10 100 UsaMiag 8|BUE UONDLY 2oBLB
pel) 6r0 = .| 088|= ¢ =108 Janod 2y} Jo 9jfue uoiow]
JUNY 186 = 4 = Jagem o WBiam pun . 000°0 = d5d
SN[ BBk PiTs 4 - 1oS JBA0T B jO JBeM Jun pajeimes w 000 =By
SN 9L = ML = Jlos 1A% au} jo WBeM pun Aip
08, LGHRT = b
W gop = 'y =susiqualuoal sy Wo painseaw a2euns Jaem al) Jo yidap
000 = HSd = oljel souabrawigns (| ered rohe] abeuraip oyl se ) 183]
W 6 = pf = 20] 32U} WoJ painsesaw adojs auUj 4o B2y [EI9A SLPO'LZ = 07U Y/ W £20°0 = " X4 jiD Bnoge sofer 1108 SUC AUG 31 210N »
(pey) zgo = . b8 = ¢ = suerquswosb sy) yiesuaq ajbue sdos los Juy, LOG'G = O sy
w0 == ausiqwawoab ay) Buole painseaw adols Jo ybugl 1y P00 = OMIS
W 220 = = |IOS JOADD JO SSaWaY) g g6'08 = gount |pmoy 70]|= oy
, Jyrauw rze ={oxld yuwl Q0L |= o
o
ﬂ s SW £0FLT = S0 Py spwo| 1.0-92°2|= SOy 10 Py
s §0-0'L = SOy sjup| 90-3¢')|= S0y
" o
sséﬂfj H o W L0 =Py+ Sy
"X peny 8rs’L S w 100 = 52310 7y I Oil= 59110 Py
gL =84 /\\ uo” _ 00070 HSd W g0 = ¥y ww zol|= Sy
~ - oiz (=070 w £F6 = X
£ez =2 2 L.p / W59 =(gs0m)7 o v'al|= ¢
g8L- =q 9gie0 =1 w 68'6C(= 7
£60) = @ aUdym froavyghd
L WN . .c__e__mu
08y Jafvg =84 [ n.@ml_.v e} s =

W ogE9t =N
Ny LEBEGL = 9Mm
B5PefR SAESed

Q0L

NY BLEGFE =YN
NY L0-5FG = cD / Feoofuie tu
NY £62600 = ' TUTTHT
NY S20°698 =Y%M afpam angay {g)
CEPIA oAV
54 0 UOHEINO[ED /

HSd puk 574 Jo UoREnaE]




v 'E151085) 'BUEHY ‘SASUIUASOSD) U SOUBIBIUCD [EUOEWISI] . “SIOS JOAGD) JasUBA Jo UBISa(] pue SISAleUY 'g661 'Buooeg "A-1 PUB 1BLIBCY IN'Y

Buoos Bues-ai A paongsuos sanjeA pajeinoles aue Salel U SIogLUm

[ senjenindus 81€ S8X0] Ul S1aquinu] sien

(pe} s¥o = . 09Z]= ¢ = sueiqusLLoaB pUB [10S J9A00 UsamiE] S1BUR LoDl aoBYSL
(pes) s8ro = .| 08g|= ¢ = 1os 19n00 au) Jo ajBue vonou)

SN 186 = A= 1ojem Jo JyBiam un . LOO0 = ¥Sd

SN EB'BL= AR L - 1108 12A00 Buy 4o 1uBiom un nmgﬂzmw w 000 = ey

SN 99L|= MR{ = |10S J9A0D BU} ¢ W BIamM un fap

288/ L0FRT = b
W op0 = MY = sueiquawosl oy} ol PRINSESW SOBMNS J31EM 2 jo Widap
000 = HSd = onel aouablawqns [ayesed “Jafe| IBRUIEID B4 5211183

W 6 = M = 20 3l Woy paunseaw adols au3 1o Jybiey |eoan SLp07iE = 270 Iy W 1200 = 0 X174 7@ 2a0tE 19AR| [10S BUO AUC JI IDION .

(p=a) ze0 = . PBI = = sueiqwalioas ay) yieauaq 2|Sue adols 10s TS 1000 = ™ X4
w e =" = suelguaiucab ay) Bucle painseaw edofs Jo yibux I $00 = DMId
W £6'0 = Y = IOS JDA0D JO SSAUNDILY MUY 8608 = Hount jemoy FOi= 0N
Jypun vee = (oMl d ypuw|  o0'L8l= o
9N
h vpom axssed (g) S/W £0-g2'Z = SOy 40 Py spun[ T0-922]= Sy 10 Py
" S/W 8050k = SOy spwo| 90-30°L|= S2¥
RN ﬁ b W ge0 =Py SOy
X - wy=dSd 1Z5°L S W 100 = 59710 Py W 0'L]= 2710 Py
L8t =84 diha LO0Q HSd w g0 = SOy W gLG1= Sy
Y e 10ie | =07a W £r's = X
96t =9 a If / W 5087 = (gs00)7 o 8= o
L824 =g aeLEe = | w 662|= 7
LG4 = B aJSiym TN
s wN o= gus=
il Sk n w& %u? %M.N 2 molf.zg s =

Nt 9p-39°L =4n
NY G0889°L = M

“mmmmg u>._wmmn_
NY 282682 =N
W loEFe =40
NY £5260°0 =N
NY 8627282 =Y

130 GORETDED

o Jugs fuis
ey

abpam anoy ()

m_.u_c_

.v.....vv vv
Hhvm.“{...m,ﬂ ,...»

001

Sd pue 7 40 UoReIngey




Bucog Busi-a) Ag pajonisuod

“wgn ‘21B100D ‘BjuRY '$I8OUIUASOSD) UO 93UBIBIOT [BUORELIAI] 9 "S|I0S JBACD) JDBUBA JO ufitsaq] pue sIsAleUY "2861 ‘BucLS "A-L PUB JBWB0M I

SanjEA pajBINSBY Ble SAe) U StagLuny
M sanjea jndul a1e s&xoq Ul &mnE::_“Eoz

(‘pel) gro = 092 = ¢ = sueIqWsWOaB pue |10S JAA0D USaMBE JSUE UDIOL) STENSILI
(pel} 650 = o[ 082|= ¢ = 10s Jonoo 2y} jo a1Bue uonoly
JHING L8 = #4 = Jajem Jo JyBiam yun 0000 = Hsd
LUMD| BBL[= a2 = 108 19A02 aU) O JUBlam Jlun pajelnies w 00'0 = ¥y
N JUMD| 99k |= ~BJ, = 10§ J9A0D U1 40 JYBlom Jun Alp
Jo% Ml L039Z = b
’ W eoo = My = sueiquiewoal sy} LWOJ PamMSESl S0BUNS JSJBM AUy 30 uidap
00°0 = H¥Sd = ones asuablawans [ajesed ‘1oke| oBeUIEIp BU3 SE ) jea)
W '8 = A = 90] Y] Wwol painsesw adols oy Jo 1ubey [2opaa §ZL6'EZ = D70 Y/ 1200 = U X714 hi9 ancqe Jake; |j0S AUC AUO 2 TBION «
(pes) zeo = . P8l = ¢ = suerquiatiioal ayy yieauaq 2(bue adoys [1os Juyw 1060 = "N XIS
w2z =7 = sueiguawicat ayy Buoie painseaw adols jo yybust gL P00 = OMId
W Zeo = = (05 JOADD JO SSIUOIU} Jy/a 9608 = HOUNI [BNI0Y ¥'0l= O¥
Ay #2e = (M) d w0018 = o
I oBpom aussvd () S G034 = S9N 10 Py sl 10-3LZ)= 5940 Py
k s o307 = T9y spume| ag-goL|= S0y
" o
hoawymd ﬁ .\\ [T w 290 = UQ " .m.Or.
. /F. Ilﬂl ,H.&wm LES'L S4 W L00 = mu,._ lo Py s (WA mu.w Jo Py
L8687, =84 00070 YSd L go = 52y L 018|= Sy
il Zi6ze |=070| w99 =X
0z =2 l |_r / W P92 = (gson)T . 78 l= g
el =4 g5iL'0 =} w ig|= T
o'L8 = B asaym ——"
2e Fus=
oe-7gT+0-=83 '%ﬂ " - 00}

Ny 9o-3Ft =N
NY g685GL =M
SEPON, ONSSEg

NY 918962 = YN
Ny Lo-39% =0
NY £0820C ='N
NY P2G'0LZ =T
TSETBIA SAIY
§370 UOREMIEs

Yo guie Hupe
—

obBpam ooy (B)

(=g, uep s =1

08l

G55 BUE 1A 30 UORenaies




NI GeRE  =YN
Ny LoeEre = tn
N¥ GZ8€LG =YD
NY Z292'F98 =YM
BEUSTR SATY

5410 UoRenaes

Buoeg SueA-e) A peIoisSues

"7S( ‘BIBI099) 'BIUE]Y 'SANSYIUASOST) UO SOUAIBINOD [BUCHBWISIY| .9 "SII0S JSA0D JoBLBA J0 ubisaq pue sisAeuy ‘8g6] ‘Buoog "A-L PUB UBUIR0N VY

SBnjEA PEIBINDIED S8 SOB]] Ul Sidquunu

S3anjeA Jhau] ake $8Xoq U m._mnE:c_umuoz

feoa s gus
—y—y

oBpsm anoy {2}

(pey) gFQ = [ 09Zl= ¢ = sueiqwaioal pue Jos JaAc usamiaq o|Bue UONDL} aoBLSIUI
tpes} 6r0 = .| 08Z|= ¢ = o5 19n09 BY} Jo 2|Bue uoioLy
JLUNY 188 = M = setem o ublam Jun 000 = ¥Sd
JUND 66L[= RIES 4 = l0S JBAOD B3 JO WBIOM JUN pajemies w oo'o =8y
LN 9'BL|= “PA = J1os Jan0o ay) Jo JyBlam yun Aip
298/ L0-F5Ee = b
W 000 = *y = BUBKIWLSWODE AU} WO PRINSES @DRHNS Jajem SU) 4o yidap
000 = MSd = Cli_l wocmmhmEgsw _m__m._ma ‘1ake| abeuleip 9U)] SB j] jedd
W g1l = M =90} 2y} woy pa:nseaw adojs ay) jo JBIaY [BI[UDA 8z8LLL w270 AYLW 1200 = W x4 li9 eaoqe Jafer o8 BUC AUC 3} ISION .
(pe2} 2E0 = . P8l = g = auriquowoab sy uieauaq 9ibue adojs (10S Jug, L0 = " X7
w L6 =] = steigawicsB ay} Suo|e painseaw ado|s jo buay g P00 = DN
W Z90 = = |I0S J2A02 JO SSTUNAL . Jyfunu 96’02 = jouns [enmay 0= oy
Jypu vee = (oM d A 00°'L8|= d
«f
ﬁ aBpam anssed Q) sful go-3.T = SOy 10 Py /WO L0-3L°2l= 59y o Py
' Spu go-50°% = 9y s €030 L|= Iy
x_J .W,D.I-&?.
froovynd ? guar, w 290 = nt + S0y
6LS'L §d w 1ol = 8930 Fy Wi 0L]= 59110 Py
815'L =8 L00°0 ¥5d w g0 = ¥y ww 01g|= 2y
gaLz | =070 tw §5Ll = X
cez =o w 2LPE = (H500)7 N PRLi= &
eraie =g 98180 = | wl o%el=7
L'BOL = B aloym oMyt
gZ Fus=
ogy-3af a3 S T GO
Ny B0-EFE =N L 00
N 9BESOL = IM
"BDDEfN GNSSEY
o oY

U5d PUE 10 J0 UORERED]




Buoes Buei-a| Aq pejonssuon

("pad}
("pes}

('ped)

22570 =Gy
oy =0
gost- =g
g'gg = @ asum

24
98y-7qf+q-=54

NY 9LO00D =N
NY 96K5 DL =M
“vam__s M>_wmmnw

NY 282762 =YN
Y go-gFs =Yn
NY ELGE60 =N
NY §LR'G6Z = ¥m
SO DAY

o §O UCLEINNED

YSN 'BIBI0aD ‘BBNY "SOUSLILASCS) UL S0USIBIU0D [BUOKBUISIU] O "SII0S 19ADD) J93UAA J0 UBISa(] puB SISAleuy "986] ‘BU0DS “A-| PUB JBUISOMAY

SanjeA paleInojes aie Sole) Ul SleqLuny

_ sahiea Indu; aJe saxoq ul wEgE_._c_”mﬁz
§H0 = ol 092]= & = aueiquewosb pue ([0S JoA0D usamlaq a|Bue uoioly soraUl
850 = o1 0'8Z|= ¢ =108 12A00 8L} Jo a1fue ooy )
LN LB = ™4 = Jalem Jo Blam Jun G000 = HSd
S| 6°8L|= M4 = [los Jaaod ay} jo Jublam Jiun pajeinies m 000 = Py
LUUND | 98k |= MR = 108 12400 BY} Jo W Bem Jun A1p
093/ 90-HgE = b
W goe = *y = susiguaweal ey} Woll paINSES BIBKNS JBIEM BY) JO Uidap
100 = H5d = onel souabiowgns [9)eied “12he] abeuelp o se 1 leR)
W p6 = 4 =20} 3Y) Wol panseaw adors suy jo JBLay |eantsn HOLZ = 010 sy W LEOD = MO xeryrt ?o QAOQR JBAR] [10% BUD ATUO I 310N .
280 = o 78l = ¢ = auriquzwoab ay) yiesuaq a|bue adojs ji0s FITTAI QL0 = " e
W pr =T =aueiguawoab ay) Bugle pamseaw ado|s Jo LBus; Iy 950 = ONId
W Z9o = U =105 JBAD JO SSIUNOIY) Ay PO08 = JJOUN [Bmoy $0]= on
AT P28 = (DH) d | 00'18|= o
of
' aBpom axssed (G) S §0-5LT = SOy 10 Py sl 109 z|= SOy 40 Py
ﬁ SW o L0-30% = 9y spws| 50-30°L|= Ty
n | S
roadynd F (e w 290 = Py + SOy
v . llj ,ﬁ.m,& 125t S w 100 = S2700 Py ww 04i= 52110 Py
5000 HSd w g0 = Py 1w 0L8 = Sy
oLz =07d w €6 = X
w $E'52 = (gso0) 7 ° ¥8Ll[= ¢
8GLE0 = | 53] [ XA ER]
thoavyns
o us =
L] 5 Tyt - 001,

i

RNnTER
R
MWN S ,%._ux

o

:

)

&

e
B

abpem anav (e}

0gl

ASd PUE D710 JO UCREN2IED




buoog Buei-al Ag pelonagsuod

van ‘e1BJoan) ‘euRY ‘SOLBYIUASODS) U0 SIURIBILOD [BUORBLIBIU] 9 "SII0S JDADD J23UaA JO ufisaq pue sish|euy "g861L ‘Buoog *A-L PUB SBWIRoy ATy

S&nfeA PejRInIes Ale Solfe)l Ul SIeqLInu

_

052]= ¢ = aUelqualuosh pue |10s JaA00 uaamjaq aifue uanou) aoeuaiul

Et

0'EE|= ¢ = [10S 1aA02 2y jo ajBue uolly

LE'8 = M4 = zejem jo Jubtem jun

B'8L|= A4 = 108 tan0d By} Jo ubism Jun pajeinjes

984 = M4 = 103 120D 3Y} J WYBIBM JUn AP

3

000 = My = sueiquawoal ay) woul PaInsesw soBMUNS 12eM 3U) JO ydap

b

000 = HSd = onel asuabiowans [ayeled

6 = | = 90} 91 W0y painseat adols ay) 3o Wby [eatkian
9l = f = aueigquswosd sy Yesuaqg 9fue adols |10s

08 =" = sueiquawoab sy} Buoe painsesaw 9dojs o Yibug
Z5°0 = | = [I0S JOACS JO SSAUNOIY

afipam sussed (q)

{pes) sro = o
(pel) 6r0 = a
SN
SHI/NY
SN
w
w
(pet} 220 = o
w
w
<N
|
n
ool ﬁ
n_\u .
ZESL =8
6722 =2 g
G0GL- =g
&eg = B 3laum
Bz

o8y-74F+g- =87

Ny Lo-FLe =N
N 96FGOL = 9M

TPOUPB/A, SAESEd

H
M ge08g = YN
WoLoearl =40 troz s guie.
NY 9ZSF00 =N T
NY POSEEE = YM aBpam ey ()
TBOPIRA OATOY

froarysd

530 UOHE[No[eD

(=), e us =/

sanfea ndul ase saxoq U slaquunu Tmuoz
000°0 = ¥Sd
u 000 = u>q£
288/ 20Tt = b
“JeR2] abeulelp Su SF Jt 18N
6280°2F = D7G Y/ 1200 = M1 _,_o 2A0qe JoAe] [IOS U0 AUO jI :BION .
IITATH Lo00 = P X
L Z0°0 = D&3d
MU ge0g = lound ey ¥el= oy
Jy/uaw 28 = (DM} o upur - Q0'Llel= o
S §0-3LT = S9y 10 By spue| L0-FLE|= ¥y 10 Py
S s0-F0'¢ = Sy s/WS| L0-S0°6j= 9
w 290 =Py + Sy
ZES'L Sd ul Lo = S%310 Py uul QL= mﬁ o Py
0000 HEd w g0 = Ty i 0Lo|= 9y
ggozr | =070 tu £Fe = X
W 5e9T = (50T o ¥8l|= &
g8ie'0 = | w g'6ci= "7
Fuss
001,

HSd PUE D10 §0 UORBINIIEY




buoog Bue-af A pE1onysuen

“vSM 'elfl0es ‘BJUERY SOIBIUASOE U S0USIBHICD [BUCHBLISI 9 *SIIOS J9A0D 122UaA JO UBISS(] pue SISA[BUY "8G | 'BUCOS "A-L PUB BUIB0M N

SaNjeA pajeINfE 2.8 SHRY Ul StsGLINY

SaNeA JNdul ee Saxog Ul SJaqUInu| 210N

0°0Z]|= ¢ = aueiquaWoab pue 108 JoACD Usamiag Bue uonIu) S0BLAU

0'6E|= ¢ =105 19A0D DU} JO S1BUE LOIOU)

188 = "4 = ojem Jo Jubram un

6'Gl|= P4 = |10s JaA02 ay) Jo JyBsm jlun pajrinjes

[

gl |= ML = 108 J2A0D auy jo JuBlem Jiun Alp

{oel) gr0 = o
{pea) 8570 = .
SUW/NY

SHNA

SN

V53

95}

(pet) 2£0 = o
w

w

u

000 = "y = SUBIGWIWSSE BU) WO PRINSEBW S0BLNS J2jEM Ay} Jo yidop

1

000 = HS4 = Onel souatiawagns |apesed

B6 = 4 = 30} 913 WoJ) painsesw adols ey jo Biey (eonrea
el = ¢ = suriquiaioss oy} yieauaq jbue adols 103

08 = = BuURIWBLIOAB ay) Buole painsesw ados 3o Yyibugy
290 = | = |I0S JAA0D JO SSHUNIILY

N

oBpam wssed ()

&4
(e

g
sy BY5d

£86°L =S

0ez =2

o¥Gi- =4

S'eg = B 3Jaym Froavynd

H
a8y ..H..E.umm -
P

MY 9038t =N
NY gBFSOE =M

SDPSHA BASsEg

H

NI 6LE0BZ = N
N LomSEe = Yh Troague gups
NI £62600 =N A
Nt 26662 = YA abpam awoy (g)

Sd JO UoRE|NVED

OG0 = ¥8d
w
J9s/W
GiP0LE = o710 JYyf W
Arw
ILULLE
Jyuu
Jyuad
s
Sjl
w
£E8°L sS4 W
L000 &Sd [
LE0'EE =270 w
L

000

L0"H82

L1200
00
¥0'0
9608
e

£o-3aLe
80-50'L

9’0
oo
90
g6
S£'8¢
9G4E°0

it

= Joun! ey

bBag,
y

b

O XTI

B XL 1l

Jd3d

=(0d) d

[E]

1

It

t

S9r 40 Py
.m..Qy_

.uQ-‘. .m.UC
mOu o _ut
.mdt

X
(gfs02)7

Jafe] abeulRIp Buf) S8 }iean
_6 enoge 1a48] 105 BUD AJUC §1 910N

Pol= D4
Juui oo'ig|l= 4
spuol L0-g. 2]z oy U0 Py
spwal 90-30'L|= 57y
Wi Otl= 59710 Py
ww 0L8|= 2y
o Pell= ¢
w &'62|= 7

?u:

HSd Pue 57Q Jo UOHRNIED




Buoog BueA-si AG payonysues

590
££0

ZE0 =

WS ‘2iBI0aD 'BIUE|Y SOIRUIUASCSD) U 90USIBJICD [BUORBUISI] 9 "SIIOS JBA0D) J8BUSA J0 uBtsaq pue SISAleLY "966 L ‘BUCOS "A-L PUB USUIROM I Y

SaneA palEINoJED 948 SOlE] LI SIaquiny

Son[EA Indu] 21e $8xX0q Ul srequin _"&oz

382]= ¢ = auelqRWIOaB PUE |10% J8A02 usamlag 3|fue LonoLy el

0BL|= # = 105 Jan0n a2y} jo aibue uonayy

SN

1

188 = 4 = 1a1em Jo Jubem un

SUNA

551 |= P4 = 10S JSA0D BU) Jo JyBlamJiun pajeInies

SHINA

98t | = P4 = 10§ J9A0D Y} 4o JYBiam Jun Aip

&

w
w

o000
000 = MSd = ones sousbrawgns jo|esed

£°6 = Lf = 20} BU} WOy panseail adojs ay} 4o Jyblay jesiuen
8L = ¢ = sueigwawoab ay) Yeausq o\fue adojs jios

08 =7 = suUBIqWalOoat ay) Buole painseaw odojs Jo yiBua|
290 = | = 108 JIAOD JO SSBUNSIU}

T

(pas)
{'pe}
{'pes)
£26°L =8
&bi =2
0gFi- =4
s'ge = B a2Jolm

ez
_om«-m@.,,a-umu_

AN 90391
N 96£50)

An
<M

BEPEI, ONSSEd

N GLEDBT
N LO-38G
NY E£6280°0
NY 2GGBT

Hroampd

ki

fhoavyad

roauls Yz
T TH

abpam amoy (8)

1 = pURICLUIAWoab Sty WY PRINSEIW SOBUNS JSEM BU) JO yidap

LOG'0 = d5d
w 000 ="y
098/ W LOFEE = b
“Tofe] oBBUEIR 3U) SE i 1830}
SEOIE = 010 1YW L2000 = " i ?0 2A0qR Jekel |jos aus AUO 1 210N «
nwo L0070 = IXNTS
IVVE P00 = OYId
Jysud 85'08 = gound jenjoy 70l= 0N
Sy #26 = (DM} d yauw| o0 L8l o
s go-FLE = S9yJo Py sjwol Lo-gLz|= Sy o Py
s go30t = SOy spus| go-30'L|= SOy
w 290 = Py« STy
625t S ul W00 = 59110 Py wiw 0L|= 5230 Py
LOO0 H5d tw g0 = S9y Wl 0Le|= S°y
Lyocte =270 uw EF6 = X
w 558 = (gs00)7 o ¥ell= o
95LED = ] w 682|= 7
guss=
== 00}

T
Rt
& Yo

i e

(=) ue us =1

001

HSd PUE 51q 40 UONENYED]




VSN "BIBI03D "BUNY "SONBYIUASORY) UO B0UBIBJLOD [BUOHRWS ,,0 "SIOS JAA0Z) JasUBaA JO UBISaQ PUE SISAIEUY ‘866 'BUDOS ‘A-L PUE JELISON N u

Bucog BueA-8) Ay pajondjsuos , SBNEA PSJSINDIED S48 SIIB)} Ul Siaquiny
] sanjea ndu are saxod Ul Siaqunu|:sion

(pes} sp0 = o] 0'82|= 2 = duriquswoal pue 1os Jen0d usamiaq abue LoRoLy aoeE)

('per) gp0 = of 0'82]= ¢ =108 19n00 BY) Jo 9)BUE UOROLY
LN 188 = M4 = usjem o wBiem yun . L00°0 = ¥Sd
JAuml 6°6L|= A4 = pos 1anod ay) Jo jyBlem Jun paleinies w 000 =ty
L ek = AP < 108 Janoo syl jo JyBiam jun Ap

09Sf W L0-F8% = b

W 000 = “Y = sUBIquswest ay) Wol) paInseaw a0BENS JjeMm ay) o uidap
000 = NS4 = onel aousbiswgns |o|eied “Yake] SBEUIRID 9L SB 1 JBen
W #6 = 1 = 30] 3y} Loy paunseaw ados U} jo Jubiay [eomaa EYYLLE = 07Q UM 2100 = ¥ 1y 7_0 aaode Jadel j1os suo Aluc 3l BION .
'pel) 220 = . ¥BL = g =suelquawesb ay) yesuaq abue ados 1os Jyzw 2000 = PR eI
W 0g =7 = ausiquawioad sy} Suore palnsesw ado(s Jo Yibua] IFTIENT PO0 = DNTS
W 290 =Y = |{0S JSA0D JO S5OUILL) gy 96°08 =jount jenioy Poi= O
Jypua a0 =00yl d Jyuw| T 00'L8l= J
<
_‘ sBpain assed (@) S £09z7 = Sy 40 Py spa 10-32°2]= $°y 10 Py
s/w B0t = SOy $jwo| 90-30°L|= 9y
n $9
Bous:ﬁl E [z s - w 290 = Py + Sy
" ..lﬁl iy misd LEC'L sS4 W 100 = ﬁ.uto Ry ww WIE ”o,,.wto ]
LESL =8 100°0 dSd w 90 = TOy wu 0Lgl= Sy
L7494 3 =270 w EPe = X
622 =9 w 8262 = (gs02)7 o v8li= ¢
505l =4 ) 95180 = ! w 682|= 7
g'ge = B aJjaym g
az s =
BT 0 -5 S ' . e 1 )
eI o St T (A ueass;
e |
NY §0-38E =N sany s o0t
NY 9BpG0L =M
TOOPoM, OMSSEy
soYy
NY B0E0BZ =N
N Jo-3z8 =4n
N¥ 9GELL0 =N _ A
WY 8ZGE6Z = Ym oBpam ooy (g) .* + + * + w * » * * A
; RS d
330 UCHEnoEnD /

HSd pue J7Q 30 UolE|n3e)




SANTE
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LING LESCHINSKY VENEER CALCULATIONS




Matlock Bend Landflll

-

VENEER STABILITY EVALUATION (Finite Slope Evaluation) _

GEONET / GEOMEMBRAMNE INTERFAGE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P + Kk W, sinfi+C4

W, (k; cosp+ sinB)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k, and ks, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of aclive wedge

Wg = welght of passive wedge

C ¢s = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of é and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tans

' =
calll 7
Ces 8 ¢ tan ¢ Ky (1 - k) B cos Kn sin f L Wa c

Y H
0.917291587 | 26 I 28 10.531709I 0 I 1 0.94888'1'0.31564904’ 127 | 1.7 I 98 |21‘§58.2| 0 |

lTA = Cy tang [(1 - ky )cosB - ky, sinp ]Wﬂl

Ta= 9791.967 Ibf

nd
p= Wpl(1-Kky)tand - k;,1+C
L}
WHERE 2 AND = CO0S + cos
o [M=cos(4+P)cose| [, __H
87 sin 2 sinf
28 sin2p Ws b+p COSé+p C€COS¢ 1 c ca
368  0.5990236 6127138 464 0.689619544 0.8829 0.78104 0.00 0

P= 325.79 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P +k, W, sinB+C,
W, ( k;, cosp + sinp)

F, =

Fs= 10117.75 = 1.515
6678.57

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landflll

VENEER STABILITY EVALUATION (Finite Slope Evaluatlon)

GEOMET / GEOMEMBRAHE INTERFACGE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P+ kW, sinf+C,
W, ( k;, cosp+ sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

7 = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

3 = friction angle of soil-geonet interface

k, and k, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

W; = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of $ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tans

C,p =
& tang W,= YHL
Cas 8 ¢ tang k., (1-k) B cosp  ky sin L Wa c

Y H
0.917291587 I_ZE | 28 ‘0.531709[ 0 | i 0.94888‘1'0.31564904r 127 l &7 l 98 | 33604.2 0

_|VTA = Cy tang [(1 - ky)cosf - ky, sinf ]Wn|

Ty = 15551.95 Ibf

and
- Wgl(1-kydtand - kyJ+C
n
WHERE [ %] AND |1] = cos (¢ + B)/ cosd ] H
Wi A3 C=c¢
8= Sin2p sing
2p sin2p Wz 6+p COS$é+p COS¢ 1 C Ca
36.8 0.5920236 1545.565 464 0.689619544 0.8829 0.78104 0.00 0

P= 821.79 Ibf

VEMEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFAGE

Ta+P Tk, W, sinB+Cy4
W, ( k, cosp + sinp)

Fs= 16373.74 = 1.5437
10607.13

SOURGCE:FEB. 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finlte Slope Evaluation) P

GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P+k,W sinf+Cy4

Fs =

W, ( k;, cosp+ sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k. and k, = vertical and herizontal seismic coefficients

H = thickness of soil cover

L = length of slope

Wy = weight of active wedge

Wy = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic intetface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tans

Cg=
wlll L
C g 8 13 tan¢ ky 1-k) B cosp  k, sin B ¢
0

¥ H L Vip
0.917291587 | 26 | 28 J0.531709| 0 l 1 D.%zzle]o.znzaozd 127| 2 | QBJ 24392[

‘ \TA_;_C‘_,S tanft [(1-ky)cosf- k), sinp ]WA 7

Ta= 11681.94 Ibf

and
b Walll-ky)tang - k,]+C
n
WHERE Z AND =c + cos
o [n1=cos (¢+P)/ cosd | coc M
B™ sin 2B sinp
28 sin2p Wy 6+p COS$+Bp COSé¢ 1 c ca
31.6 0.52398591 969.4917 43.8 0.721760228 0.8829 0.81744 0.00 0
P= 515.49 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinff+C,
W, ( k;, cosp + sinf)

Fy =

Fs= 1219743 = 1.7997
6777.60

SOURCE:FEB, 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY
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Matlock Bend Landflll

VENEER STABILITY EVALUATION (Finite Slope Evaluation) g

GEOMET / GEOMEMBRAHE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sinp+C4
W, ( Kk, cosfi + sinp)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

y = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

5 = friction angle of soil-geonet interface

k. and k;, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

Wp = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tand

Ca=
* tond
Cos 8 ¢ tang k, (1-k) cosp  k, sin B H L Vi

B ¥ c
osarsasoss | 10 | 28 Josso] o ] 1 |18 ]oomss[ o Joswssesos 122 | 2 | es | 2amed o

[Ta = Gy tand [(1 - Ky Jcosp - K, sinp 1w,

Ta = 8132,819 Ibf

and _
p= Wel(l-ky)tand - k,]1+C
1
WHERE 2 AND = COS + cos
W 2H m (¢+P)/ cosd | c:cf—'
87 sin 2P sinp
2p sin2p Ws  6+p COS56+p COS¢ 1) c Ca
36.8 05990236 848.0467 46.4 0689619544 0.8829 078104 0.00 0
P=  450.91 Ibf

VENEER STABILITY EVALUATION
GEOHET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinB+C4
W, ( k;, cosp + sinp)

Fs = 8583.73 = 1.0925
7857.14

SOURCE:FEB, 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finite Slope Evaluatlon) S >

GEOMET / GEOMEMBRANE INTERFACE OUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sin+C,
W, ( k;, cosp + sinf3)

B =

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

+ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

& = angle of Internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

W = weight of passive wedge

C ¢ = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = fundction of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tand

C =
" tang W,= THL
s F 6 tané k, (1-k) cosfp Kk, sin H L Vi c

B Y
0.917291587 r 2 | 28 |n.531709| 0 | 1 0.92849|I]0.37136764|_12?I 2 | 98 | 24892 0

[Ta = G g tand [(1 - Ky JcosB - ky, sinpIW,]

Ta= 11272.41 Ibf

and
- W1l -ky)tand - k1+C
n
WHERE 3 AND [q = cos (¢ + PB)/ cosd l H
W= TH =c
2= Sin2p sinp
2p sin2p Ws 6+p COSé+p  €OSé 1 c Ca
436  0.68961954 736.6381 49.8 0.645457688 0.8829 0.73103 0.00 0
pP= 391.68 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFACE

Ta+P+k,W, sinB+C,4
W, (k;, cosp+ sinf3)

B =

Fs= 11664.09 = 1.2618
9244.09

SOURGE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY
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Matlock Bend Landfill el
‘& Ay

Ny
ENGINEERING LLC

VENEER STABILITY EVALUATION (Finlte Slope Evaluation)

GEONET / GEOMEMBRAME INTERFACE HOUSE
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P +k,W, sinf+C

=

W, (ky, cosfi+ sinf)

¢ = cohesion (PSF)  C, = adhesion{note:adhesion has been ignored)

¥ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal fricton of the soil (DEG)

§ = friction angle of soil-geonet interface

k and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

Wy = weight of passive wedge

C 45 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE
Com tan é
%" tan ¢ W,= THL

Coas 8 ¢ tané k, (1-k) p cosBp k, sinp

¥ H L Wp c
1.130054468| 31 | 28 |0.531709| 0 | 1 0.94888@0.31564904 127 2 98 24892] 0

|TA = G tand [(1- k, )cosp - Ky, sinp ]WA

Ta= 14191.98 Ibf

and
- Wgl(l-ky)tand - k,1+C
T
WHERE 1H2 AND |1]'= cos (¢ + B)/ cosd | H
W= m sinp
2p sin 2p Wg &+p COS$+p C€COS¢ 1 C Ca
36.8 0.5990236 848.0467 46.4 0.689619544 0.8829 0.78104 0.00 0
P= 450.91 Ibf
VENEER STABILITY EVALUATION
GEONET-GEOMEMBRAME INTERFACE
E = Ta+P +kuwA5inp+Ca
° W, ( k), cosB + sinB)
Fs=  14642.89 = 1.8636
7857.14

SOURCE:FEB, 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY
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For GSI/GRI members only Constructed by: Te-Yang Soong

Matlock Bend Landfill Veneer Stability Analysis

Placement of Protective CoverAnalysis with the Incorporation of Equipment Loads
(Equipment is Moving Down-Slope)

Calculation of FS
Active Wedge:
Wa= 23198.1 Ib
Na= 22012.1 1b
Passive Wedge:
Wp= 848.0 Ib
-b+Yb2 -4ac
FS =. A d
24
a=  8849.9
b= -10270
c= 13662
| Fs= 1.01 |
. thickness of cover soil =h = 2.00}ft
soil slope angle beneath the geomembrane = = 18.4/° = 0.32 (rad.)
finished cover soil slope angle = = 18.4)° = 0.32 (rad)
length of slope measured along the geomembrane = L = 98.0|ft
unit weight of the cover soill=y= 127.0[Ib/ft"3
friction angle of the cover soil = ¢ = 26.0|° = 0.45 (rad)
cohesion of the cover soil=c= 0.0]ib/t"2 c=0 Ib
interface friction angle between RSL and geotextile = 8 = 19.0|° = 0.33 (rad)
adhesion between RSLand geotextile = ca= 0.0]Ibffth2 Ca= 0 Ib
weight of equipment = WE= 17163]Ib
thickness of cover soil = h = 2.00 ft b/mh= 1.1
equipment ground pressure (= wt. of equipment/(2 1w)) = q = 610|Ib/ftr2 We=q 11= 3963.8
length of each equipment track = 1 = 6.7|ft Ne=Wecosfg= 3761.2
width of each equipment track =w= 21|t Fe=We x (a/g) x I = 753.1
influence factor* at geomembrane interface =1 = 0.97
acceleration/deceleration of the bulldozer =a = 0.19]g
*Influence Factor Defaukt Values
Cover Soi Equipment Track Width Note:|numbers in boxes are input values
Thekness | ey Wids Wida srdad numbers in lfalics are calculated values
2300 nm 1.00 0.97 0.94
300-1000 mm 0.97 0.92 0.70
31000 nm 0.95 0.75 0.30




I

For GSI/GRI members only

Matlock Ben Landfill Veneer Stability Analysis

Constructed by: Te-Yang Soong

Placement of Protective CoverAnalysis with the Incorporation of Equipment Loads
(Equipment Is Moving Up-Slope)

Calculation of FS

Active Wedage:
Wa= 12022.5 1b

Na= 11407.9 Ib

Passive Wedge:
Wp= 212.0 Ib

rg=-b+ Vb2 - dac)
2a

a= 4788.1
b= -5916
c= 876.6
| Fs= 1.06 |
thickness of cover soil =h = 1.00|ft
soil slope angle beneath the geomembrane = f§ = 18.4/° = 0.32 (rad)
finished cover soil slope angle = @ = 18.4)° = 0.32 (rad)
length of slope measured along the geomembrane = L = 98.0|ft
unit weight of the cover soil=v= 127.0|Ib/ftr3
friction angle of the cover soil = ¢ = 28.0|° = 0.49 (rad)
cohesion of the cover soil=c= 0.0|Ib/ftr2 Cc=0 Ib
interface friction angle between RSL and geotextile =& = 19.0)° = 0.33 (rad)
adhesion between RSLand geotextile = ca= 0.0|Ib/ftr2 Ca= 0 Ib
weight of equipment = WE= 17163|Ib
thickness of cover soil = h = 1.00 ft b= 2.1
equipment ground pressure (= wt. of equipment/(2 1w)) =q = 610]|Ib/fth2 We=q11= 39638
length of each equipment track= 1 = 6.7|ft Ne=Wecos = 3761.2
width of each equipment track =w= 2.1]ft Fe=We x (a/g)x 1 = 0.0
influence factor* at geomembrane interface =1 = 0.97
acceleration/deceleration of the bulldozer =a = 0.00|g
*Influerce Fastor Defauk Valies
—— Equipment Track Widh Note:|numbers in boxes are input values |
Thickness | vy Wide Wide Standard numbers in Italics are calculated values
2300 nm 1.00 097 0.4
300-1000 nm 0.97 0.92 0.70
#1000 mm 0.9 0.75 0.30
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Matlock Bend Landflll
VEMEER STABILITY EVALUATION (FInlte Slope Evaluation)

GEOMET / GEOMEMBRAME INTERFACE HOUSE ENGINEERING LLC
~ALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P +k, W, sinB+C,
W, (kK cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

¢ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k, and kg, = vertical and horizontal seismic cosfficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

W; = weight of passive wedge

C 45 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tana
Cp=
%" tand Wo= THL
Cas 8 ¢ tang k, (1-k) pcosp k, sing ¥ H L Wa c

0936876076 | 2648 | s |0.531709[ o | 1 0.94888510.31564904'7127| 2 | es | oas92] o |

_ |TA = F:ds tand [(1 - Ky )cosP - Ky, sinfl ]WA|

Tp= 11765.92 Ibf

nd .
e Wgl(l -ky)tand - k,1+C
n
WHERE z AND [1] = cos (¢ + B)/ cosé | H
w.= 7 H C=c¢
B~ sin 2B sinp
2p sin2p W, 6+p COSé+p COS¢ 1 c Ca
36.8 0.5990236 B848.0467 464 0.689619544 0.8829 0.78104 0.00 0
P= 450.91 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRANE INTERFAGE

Ta+P+k,W, sini+Cy4

F =
W, ( ky, cosp+ sinp)
Fs= 12216.83 = 1.5549
7857.14

SOURCE:FEB. 1897 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY



Matlock Bend Landfiil - }P
VENEER STABILITY EVALUATION (Finite Slope Evaluation) =

a _ W[t
GEOMET / GEOMEMBRANE INTERFACE HOUSE ENGINEERING LLC
~ALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P +k,W,sinp+Cg4

F. =
° W, ( k;, cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion{note:adhesion has been ignored)

= unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

B = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W), = weight of active wedge

Wp = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tan s

C..=
& tang W= THL
Cas tang ky (1-k) cos ki sin p H L Wa c

& 4 B ¥y
0.917291587] 26 | 28 _|o.531709|j 1 0.95475[110.29737437[ 127l 2 | 98 | z4agz| 0 |

1TA = Cyotang [(1-ky)cosB - Ky, sln[}]WA)

Ta = 11591.41 Ibf

nd
& Wgl(1-ky)tang - k,1+C
n
WHERE z AND = cos (& + B)/ cos
L [n @+B)/cos¢] [.__H
B~ 5in2p sinp
2p sin 2 W, o+p COSp+p  €COS¢ 1 c ca
34.6 0.56784375 894.6123 453 0.703394703 0.8829 0.79664 0.00 0

P= 475.67 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRAMNE INTERFACE

Ta+P+k,W,sinf+C,

E, &
W, ( ky, cosB+ sinf3)

Fs=  12067.08 = 1.6302
7402,26

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landflll ot %

K _J

VENEER STABILITY EVALUATION (Finlte Slope Evaluation)

GEOMET / GEOMEMBRANE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta + P+ kW, sinf +Cy4

W, ( k;, cosp + sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)
¥ = unit weight of slope material(s) (PCF)
z = depth to the assumed fallure interface or surface (FT)
= slope angle (DEG)
@ = angle of internal friction of the soil (DEG)
& = friction angle of soil-geonet interface
k., and k, = vertical and horizontal seismic coefficients
H = thickness of soil cover
L = length of slope
w,, = weight of active wedge
Wp = weight of passive wedge
C 4. = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and B

EVALUATE GEONET-GEOMEMBRANE INTERFACE

tana
C =
“” tend
C s 5 S tan ¢ K (1-k) B cosp  k, sin B H L Vi ¢

.
0.917291587 r % | 8 |0.531709r OJ 1 0.94322[3 0.33216113r127| 2 | o8 | 24892[ o |

|TA = Cy tang [(1 - ky)cosP - ky, sinf3 JW,

Ta= 11451.33 Ibf

and
p= Wsl(-ky)tand - k,1+C
n
WHERE S AND = cos (& + P)/ cos
o [=cos@rpycose | [
8= Sin2p sinp
28 sin2p Wy $+p COSé+p COS$ 1 c ca
388 062660381 8107196 474 067687597 0.8829 076661 0.00 0
P= 431.07 Ibf

VEHEER STABILITY EVALUATION
GEONET-GEOMEMBRAME INTERFACE

Ta+P+k,W, sinf+Cy

W, ( ky, cosp+ sinf)

Fs= 11882.39 = 1.4371
8268.15

SOURCE'FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING, LING AND LESHCHINSKY



Matlock Bend Landfill gp
VENEER STABILITY EVALUATION (Finite Slope Evaluation) Gty

= N E
GEOMET / GEOMEMBRAME INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

TA+P+kvasinﬁ+C]

W, (k, cosp+ sinf)

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)

4 = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

5 = friction angle of soil-geonet interface

k, and k, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

w; = weight of passive wedge

C 4 = ratio of the shear strength of soil-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of ¢ and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE

_ tans
S ang

Cys b 3 tany k., (1-k) B cosp  k, sinp ¢

Y H L Wa
0.917291587 l:zs | 28 |0.531709| 0 I 1 0.94888[_7__'0.31564904[ 127| 1.9 | 934! 23647.4[ 0 |

|T,\ = Cytang [(1 -ky)eosB - ky, slnﬁ]w,\j ]

Ta= 10943.96 Ibf

and
P Wgl(1-ky)tand - k,1+C
n
WHERE _ 1H2 AND |1| = cos (¢ +B)/ cosq;J - H
8= Sin2p sinf
28 sin2p W, &+B COS$+p COSé 7 C Ca
36.8 0.5900236 765.3622 464 0.689619544 0.8829 0.78104 0.00 0
P= 406.95 Ibf

VENEER STABILITY EVALUATION
GEONET-GEOMEMBRAMNE INTERFACE

Ta + P+ kW, sinB +Cy4

F .=
y W, (k; cosp+ sinp)
Fs=__ 11350.91 = 1.5207
7464.28

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEQTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landfill

VENEER STABILITY EVALUATION (Finite Slope Evaluation)

il -
GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+P + R, W, sinf +Cy4
W, ( k;, cosp+ sinB)

F, =

¢ = cohesion (PSF)  C, = adhesion(note:adhesion has been ignored)
¢ = unit weight of slope material(s) (PCF)

z = depth to the assumed failure interface or surface (FT)

p = slope angle (DEG)

& = angle of internal friction of the soil (DEG)

§ = friction angle of soil-geonet interface

k , and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L =length of slope

W, = weight of active wedge

W; = weight of passive wedge

C ¢ = ratio of the shear strength of soll-geasynthetic or geosynthetic-geosynthetic interface to that of the soil.

1 = function of $ and

EVALUATE GEONET-GEOMEMBRANE INTERFACE
tané

| G
" tang Wh= THL
Cus 8 ¢ tané k, (1-k) p cosBp k, sinp L Vi .

¥ H
oo17201587 |26 | 28 | 053700 0 | 1 o.%ssa[Ilo.awswod 127 | 24 | e8| 2s1386 o0 |

|T”‘ = Cy tand [(1 -ky)cosfi - ky, sinp ]M

Ta= 12095.96 Ibf

and
p= Wal(-kyltand - ky1+C
n
WHERE e 1H2 AND |q=cos(¢+p)/ cosd I . H
B sin2p sinp
2p sin 2 p Wy o+p COS¢+p  COS¢ 1) c Ca
36.8 0.5990236 934.9715 46.4 0.689619544 0.8829 0.78104 0.00 0
P= 497.13 Ibf
VENEER STABILITY EVALUATIOH
GEONET-GEOMEMBRAME INTERFACE
£ = Ta +P + kW, sinfi+C,
° W, (K, cosB+ sinp)
Fs=_  12693.09 = 1.5264

8249.99

SOURCE:FEB. 1997 VOL. 123 NO.2 JOURNAL OF GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERING , LING AND LESHCHINSKY



Matlock Bend Landilll
VENEER STABILITY EVALUATION (Finite Slope Evaluatlon)

GEOMET / GEOMEMBRAMNE INTERFACE HOUSE ENGINEERING LLC
CALCULATE THE FACTOR OF SAFETY AGAINST SLIDING ALONG THE SLOPE

Ta+ P +kyW,sinp +C,
W, ( k, cosp + sinf)

F =

¢ = cohesion (PSF) G, = adhesion{note:adhesion has been ignored)

v = unit welght of slope matenrial(s) (PCF)

z = depth to the assumed failure interface or surface (fT)

p = slope angle (DEG)

@ = angle of internal friction of the soil (DEG)

& = friction angle of soll-geonet interface

kv and ky, = vertical and horizontal seismic coefficients

H = thickness of soil cover

L = length of slope

W, = weight of active wedge

Wz = weight of passive wedge

C 4 = ratio of the shear strength of soll-geosynthetic or geosynthetic-geosynthetic interface to that of the soil.
1 = function of  and p

EVALUATE GEONET-GEOMEMBRANE INTERFACE

 tand
C.p=
s =
Cus 8 ¢ tang k, (1-k) p cosp kg sin p y H L Wa ¢
0.853531186 I 2441 l 28 I0.531709| 0 I 1 0,94888|I|0.31584904‘ 127 | 2 I 98 | 24892[ 0 l

lIA = Cy tand [(1 - ky )cosp - ky, sin ]WA|

Ta= 10719.22 Ibf

and
p= Wgl(1-ky)tand - kpl+C
n
WHERE AND =
. 1H2 |1] cos(¢+|})/cos¢J _ |-|
B~ Sin 2P sinf
2B sin2p Wp o+p COS$+p cos¢ il C Ca
36.8 0.5990236 848.0467 46.4 0.689619544 0.8829 0.78104 0.00 0

P= 450.91 Ibf

VENEER STABILITY EVALUATION
GEOMET-GEOMEMBRAMNE INTERFACE

Ta+P+k,W, sinf+C,
W, ( k;, cosfp + sinp)

By =

Fs= 1117043 = 1.4217
7857.14
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MATLOCK BEND LANDFILL SLOPE STABILITY ANALYSIS

GLOSSARY OF TERMS / NOTATIONS

c = s0il cohesion (Pa)

cm/sec = centimeters per second

Do = significant duration of acceleration-time history (s)
FS = factor of safety (dimensionless)

FSauc = static factor of safety (dimensionless)

G = shear modulus (Pa)

Gpae = maximum shear modulus (Pa)

g = acceleration due to gravity (m/s?)

GRI = Geosynthetics Research Institute

H = height of landfill waste or cover thickness (m)
HE = House Engineering LLC

HEA = horizontal equivalent acceleration (m/s?)

HCV = highest conceivable value

kN/m*® = Kilonewtons per bubic meter

k = permeability (cm/sec)

k = seismic acceleration coefficient (dimensionless)

Ko = maximum seismic acceleration coefficient = MHEA/g (dimensioniess
K, = yield acceleration coefficient (dimensionless)

kPa = kilopascal

L = length of midsection of landfill (m)

LCV = lowest conceivable value

g = |ength of cover slope mass (m)

LLDPE = Low Density Polyethylene
MBL = Matlock Bend Landfill

MHA = maximum horizontal ground acceleration (m/s?)

MHA. = maximum horizontal ground acceleration at crest of landfill (m/s%)
MHAz = maximum horizontal ground acceleration of rock (m/s?)

MHAs,, = maximum horizontal ground acceleration of site (m/s?)

MHA, = maximum horizontal ground acceleration at top of landfill (m/s?)
MHFA = maximum horizontal equivalent acceleration (m/s?)

MHEA,,., = maximum horizontal equivalent acceleration at base of landfill (m/s?)

MHFA,,.,= maximum horizontal equivalent acceleration of landfill cover sliding mass (m/s%)
ks MLV = most likely value

HOUSE ENGINEERING 1LC
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MATLOCK BEND LANDFILL SLOPE STABILITY ANALYSIS

GLOSSARY OF TERMS / NOTATIONS (continued)

mm = millimeter

m/s = meters per second

My, = moment magnitude of earthquake event (dimensionless)
psf = pounds per square foot

PSR = parallel submergence ratio

NRF = nonlinear response factor (dimensionless)

RFCR = creep reduction factor

R = seismic displacement reduction factor = k, / k,, at selected displacement (dimensionless)

Rs = seismic displacement reduction factor = k, / ,,,, at selected base displacements (dimensionless)
Re = seismic displacement reduction factor = &, / ..., at selected cover displacements (dimensionless)
Santek = Saniek Waste Services LLC

S = hack-slope run to height ratio (dimensionless)

S, =front-slope run to height ratio (dimensionless)

Ty = mean period of acceleration-time history (s)

Toa = mean period of earthquake (s)

Tp = predominant period of ground motion (s)

T = predominant period of earthquake (s)

T; = fundamental period of column of waste fill (s)

T = fundamental period of fill material (s)

Towsie = fundamental period of waste

{ = time ()

) = seismically induced permanent displacement (mm)
USEPA = United States Environmental Protection Agency

A = average shear wave velocity (m/s)

Y] = slope angle of cover from horizontal (°)
€ = sfrain (dimensionless)

0 = transmissivily (cm/sec)

) = internal friction angle (°)

¥ = total unit weight (N/m®)

2014 Landfill Expansion Submitlal iii

A4

WasteServices

Ny

HOUSE ENGINEERING LLC




E

S

ANT

VA

SLOPE STABILITY ANALYSIS
MATLOCK BEND CLASS | LANDFILL
LOUDON, TENNESSEE
1.0 INTRODUCTION
The purpose of this analysis is to evaluate the slope stability of the proposed expansion of the Matlock Bend Class |

Landfill (MBL) near Loudon, Tennessee. In addition, the impact of potential seismic forces on the stability of the
proposed waste fill expansion has also been evaluated. A number of different slope analyses were utilized to evaluate
the static slope stability and the stability of the waste fill under the projected seismic loadings for the event specified by
the Environmental Protection Agency in the Subtitle D regulations. The specific event is noted as the earthquake event

that has a two percent probability of occurrence in fifty years or a 100 percent probability of occurrence in
approximately 2,500 years. Figure 30 from the United States Geological Survey (USGS) Open-File No.2008-1128 and
the interactive map provided on the USGS website were used to determine the maximum horizontal acceleration for the

event specified as per the Subtitle D regulations.

The August 2008 hydrogeological report prepared by Civil & Environmental Consultants, Inc. (CEC) was the source of
the subsurface and hydrogeological information used for this slope stability evaluation. The waste fill embankment
sections were obtained from the design drawings prepared by Santek Environmental (SE). Currently accepted
engineering methods were employed to evaluate the stability of the MBL slopes. In addition, the Tennessee Division of
Solid Waste Management (TDSWM) guidance policy was used to assist with the determination of the impact of the

specified seismic event on the proposed municipal solid waste facility.

The TDSWM guidance policy presents two major design concerns regarding the seismic impact on the stability and
safety of municipal solid waste landfills in Tennessee. These concerns are as follows:
» Leachate collection systems and waste cells shall be designed to function without collection pipes for

solid waste fill embankments that are predicted to undergo more than six inches of deformation.

> No landfill shall be acceptable if the predicted seismic induced deformations within the waste fill
exceed one-half the thickness of the clay liner component of the liner system.

The cross section identified on the permit drawings as Section C poses the greatest challenge from a slope stability
perspective; hence, House Engineering LLC (HE) concentrated the global slope stability evaluation on this section.

2014 Landfill Expansion Submitlal 1
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2.0 DEVELOPMENT OF MODEL FOR SLOPE STABILITY EVALUATION
Section C-C was developed to represent the worst case section through the proposed Matlock Bend Landfill. A number

WasteServices

of borings and laboratory testing data were used to establish the subsurface conditions beneath the site. Borings B-60,
PZ-51, B-58, B-59, SB-47, and PZ-48 were specifically used to help establish the subsurface conditions beneath the
site due to their depth and location.

The following Drawings were used to prepare the seismic slope stability model:

CEC Drawing 3 Seasonal High Groundwater Contours and Summary Table
Santek Drawing 6 Top of Clay Liner and Geomembrane Plan
Santek Drawing Final Cover Plan

Santek Drawing 12 Base Grade and Final Cover Details

2.1 FINAL CONDITION SLOPE GROSS-SECTION C DESCRIPTION

Cross-Section C is oriented from west to east through the Class | waste fill. The location of this cross-section was
chosen to depict the deepest section of waste that also was representative of the- subsurface conditions beneath the
site. Another factor was due to the direction of the slope in the base of the landfill. The overall length of the cross-
section evaluated exceeded 1,000 feet. The maximum depth from the base of the landfill to the crest of the top deck
of the waste fill approximates 200 feet at an elevation of 1120 feet Average Mean Sea Level. This thickness of waste
approximates the maximum thickness proposed at the facility. | '

2.2 CROSS-SECTION OF LANDFILL BASE
The bottom liner design of the landfill consists of the following

6 oz. Geotexlile

12* Aggregale

components:
6 oz. Geotextile
° 6 ounce Geotextile o (’;"L" HEPE Hne
o 12-inch thick #57 Stone Leachate Collection Layer;
: 2 FL. Clay Liner
o 6 ounce Geotextile
o 60-mil HDPE Textured Geomembrane; o
o Geocomposite Clay Liner \\\\\ : // N _
K s q F el froie / t. Geologic Buffer
o 24-inch thick layer of Recompacted Soil Liner (max. 1 X \\,;\-,/ Lo
5 X T [
10™ ecm/sec); and _ \\\T\\_\s\\ﬁtfxt ;,:
o 5-foot thick Geologic Buffer layer (max. 1 x 10°® cm/sec). ?_\\\.: N

N
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Unit weights and shear strength parameters, consisting of internal and interface friction angles and cohesion or

adhesion values, were assigned to the proposed soils and geosynthetics and, where possible, were hased upon
laboratory testing of site specific materials. Typical strength and unit weight parameters from the available literature
were assigned to municipal solid waste (MSW) and compacted soil liner. The soil and waste materials and
corresponding shear strength parameters used within the analysis are summarized and discussed in the following
sections:
2.3 PHYSICAL PARAMETERS OF LANDFILL AND SUBGRADE MATERIALS
2.3 MSW Unit Weight
The unit weight for the Municipal Solid Waste (MSW) used in the stability analyses was taken from back-
calculations performed by Geosyntec Consultants (Geosyntec) as a result of the slope failure in Module G of
the Matlock Bend Landfill. Geosyntec determined the wet density of the waste in the MBL to approximate 90
pounds per cubic foot (PCF) from back-calculations performed from the 2010 slide whose failure plane was
limited to the waste mass. A unit weight of 90 pcf is the upper limit of wet densily as reported in the literature.
It has been reported that MSW, which consists of 16% sludge, approximates a wet unit weight of 63 to 70 pcf.
Based upon a review of the literature and experience at another site HE has used 75 pcf for static and dynamic
modeling of the MBL waste fill.

2.3b  MSW Shear Strength .

The shear strength of the MSW was obtained from recent conversations with Dr. Robert Koerner and Greg
Richardson. Koerner and Richardson both indicated that, generally, the strength of MSW could be modeled
with an angle of internal friction (¢) of 33°.

In addition, a Mohr-Coulomb failure envelope was reviewed in an effort to model the shear strength of the
MSW. Given the variability of MSW, at best an approximate shear strength envelope can be produced. The
shear strength envelope input into the program was taken from a USEPA technical report entitled "RCRA
Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities," (Reference 10). Figure
2 below shows the waste shear strength envelope used within this analysis.

250
1& ﬁ;l::r%l.nnnoﬁ Reynolds (1991) =
T 200 2 Lot mﬁ»“ﬂ" (o) "
P -l © Private Fac e
~ - a Pagotlo & leoldl %987)
i 1 e Lu:ndu\ & Clark (19
a 150:
E N
= N
“2 100~
-
i 50+
7 i
* *~— 24 kPa
0’_llll'liT'['lil['ll]]llfll['lllllll
M 0 50 100 150 200 250 300 350

NORMAL STRESS (kPa)
Figure 2 — Bi-Linear Shear Strength Envelope for Municipal Solid Waste Kavazanjian, et al.
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The USEPA document references a study performed by Kavazanjian, et al. (Reference 6) that compared and
graphed the results of seven studies performed on the strength of MSW. In six of the studies, the strength of
the MSW was determined by back-analysis of waste slopes. One of the studies used the results of
large-scale, in-situ direct shear tests. The waste strengths were plotted on a single figure that showed a
bi-linear trend in the strength of the MSW. For low normal stresses, up to approximately 30 kPa (626 psf) the
waste strength was primarily cohesive in nature with shear strength of approximately 24 kPa (500 psf). At
normal stresses above 30 kPa, the waste strength was frictional in nature with the strength of the waste
increasing with increasing normal stresses represented by a friction angle of approximately 33".

Another source of shear strength of MSW by Mojan makes the following statement about the shear strength of
MSW: "Most friction angles fall between 28° and 42° while cohesion fell within a range of 0 to 835 psf. The
direct shear strength tests conducted in this study yielded a friction angle of 41° and cohesion of 501 pst.”

Finally, Geosyntec back-calculated the shear strength of the waste which underwent a slide at the site in 2010
by varying the strength parameters input into the pseudo-static computer analysis to determine the values
that would result in a factor of safety of one which is considered as imminent failure. The results of the
analysis revealed that the angle of internal friction of the slide affected waste approximated 20°. Therefore,
HE has decided to model the slope stability of the waste fill by using an angle of internal friction of the slide
affected waste of 20° and future waste placed in the landfill with an angle of internal friction of 33°. The
increased angle of friction for future waste placed in the landfill was recommended by Geosyntec due to the
fact that Santek has adopted a sludge management plan which involves mixing of the waste with sludge as
well as limiting the percentage of sludge disposed in the waste fill.

2.3¢  In-Place Soil Strength Parameters
The soil physical parameters used in the slope stability analyses were determined from correlations between
tests performed during the Hydrogeological Investigation performed by CEC, back-calculations from the 2010
slide at the site, and typical strength parameters that have been encountered with similar soils. Effective
strength parameters were used to estimate the factor of safety for slope stability of the proposed waste fill due
to the low rate of waste disposal / loading of the underlying site soils. The effective friction angle used is
68% of the estimated actual strength of the site soils as determined from the hydrogeologic investigation.
The strength of the site soils have been estimated to have an effective internal friction angle of 28°.

Ygy = Dry Unit weight = 102 pcf,

Yua = Wet Unit weight = 126.5
s, = Internal friction angle (effective)= 19 degrees
Ces = cohesion (effective) = 0 pst

HOUSE ENGINRING e
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2.4d Interface Strengths of Geosynthetics Liner Materials

HE has implemented the recommendations from Stark and Choi (2004) regarding the stability analysis of
geosynthetic-lined landfill bottoms and interior sideslopes. Specifically, Stark and Choi recommend
evaluating the failure envelope that corresponds to the lowest peak strength of one or more geosynthetic
interfaces because geosynthetic interface strength is stress-dependent. Stark and Choi further state that if
more than one interface is used to develop the failure envelope for the interface with the lowest peak strength,
the envelope is referred to as a composite failure envelope.

(1) The procedure for construcling a peak composite failure envelope for multi-layer liner and cover
systems uses the following three steps:

(@) Determine the interface(s) or material(s) in the composite liner system exhibiting the lowest peak
strength for the full range of normal stresses encountered along the bottom liner system.

(b) Determine the peak composite failure envelope for the weakest interfaces(s) or material(s) in the
composite liner system for the full range of effective normal stresses encountered along the liner
system.

(c) Determine the residual composite failure envelope that corresponds to the peak composite
failure envelope in Step (b).

(2) Utilizing the peak and residual composite failure envelopes obtained above, the two design
scenarios for the bottom liner systems with a sideslope presented by Stark and Poeppel (1994)
can be used: '

(a) Assign residual shear strengths to the sideslopes and peak shear strengths to the base of the
liner system and satisfy a factor of safety greater than 1.5, and

(b) Assign residual strengths to the sideslopes and base of the liner system and satisfy a factor of
safety greater than 1.0 or 1.1 if direct shear data are used.

HE has applied residual and peak strengths as Stark and Choi have recommended in the procedure outlined
above to analyze the stability of the geosynthetic-lined landfill bottom and interior sideslopes. HE has taken
the results from recently performed peak and residual interface testing of actual geosynthetics used to
construct a base liner system with an almost identical design to evaluate the block/wedge stability of the
proposed MBL expansion. The actual laboratory test results determined from the aforementioned project
which have been used in the geosynthetic interface stability analysis of the proposed MBL bottom liner
design are provided in Table 1.

It is extremely important to nole that for an interface involving a lextured geomembrane and any other
material, the key factor influencing the interface strength is the asperity height. Asperily should be measured
per the GRI GM12 test method. An asperity height of 20 mils is the target value above which the shear
strength properties of any geomembrane interface will not vary significantly. Figure 3 taken from the arlicle
“Interface Shear-Strength Properties of Textured Polyethylene Geomembranes”, by Blond and Elie of Quebec,
Canada illustrates the influence of asperity on shear strengih.

2014 Landfill Expansion Submittal 5
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Figure 3 - Comparison of Peak and Residual Shear Strengths of Tested Interfaces
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Table 1 — Summary of Material Properties
Residual Peak
Peak Angle Angle of Cohesion Residual
Dry Unit Wet Unit of Internal Internal / Cohesion /
Weight Weight Friction (&) Friction (&3) Adhesion Adhesion
Material Ibs./cu.ft. Ibs./cu.ft. (degrees) (degrees) (psf) (psf)
In-Place Soil 121 127 23 19 0 0
Cormpacted 124 127 28 18 0 0
Soil Berm
Future Waste 70 90 33 20 0 0
Slide Impacted 1
Waste 79 Q0 NA 20 0 0
Composite i v i =
Geosynthetic 62 62 13.3% 5.67 11977 700%
Interface

' Slide impacted waste is presently at residual strength.
2Vialues are taken from recent testing of similar interfaces proposed for the MBL liner system.

3.0  GLOBAL STABILITY ANALYSIS

Pseudo-Static Analysis
Pseudo-static slope stability methods were performed on the most critical section (section C) of the proposed

landfill expansion. The landfill cross section was constructed by taking the design final cover, design liner
grades, and groundwater table elevations and importing them into the STEDWin program which formats the
information for input into STABL5M.

2014 Landfill Expansion Submittal 6
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Slope Stability Methodology

The ordinary method of slices (OMS) also referred to as the Swedish Circle Method which was first used for
slope stability analyses ignored both shear and normal interslice forces and considered only moment
equilibrium. It was determined that the normal forces would not generally satisfy equilibrium in directions
other than those normal and parallel to the base of each slice. Hence, such neglection of interslice forces
could lead to unrealistic results.

The OMS has been modified to satisfy moment equilibrium and to include interslice normal and shear forces.
Generally, the modified Bishop procedure is recommended when the slip plane/surface can be approximated
by a circular arc.

The method most convenient for irregular slip surfaces is Janbu’s simplified procedure. The Janbu procedure
includes interslice normal forces and satisfies horizontal force equilibrium. The Janbu method can lead to
overly conservative designs.

The most accurate limit equilibrium method is referred to as Spencer’s Method. The reason Spencer’s Method
is considered more accurate is based upon the fact that it considers moment equilibrium and includes both
normal and shear interslice forces. Spencer's method of slices has been incorporated into STABLSM and the
STEDWin program to enhance the accuracy of the stability methods. :

Five different methods of evaluating the pseudo-static slope stability of the most critical MBL expansion cross

section were performed which are as follows:

\ Janbu Circle

Modified Bishop Circle
Modified Janbu “Random Failure Plane Search Routing”

Block or Wedge Analysis

Spencer's Method
In summary, each of these methods was utilized to evaluate the global slope stability of the MBL proposed
expansion. The Janbu Circle method identified a failure plane that penetrated the liner system and revealed the
lowest factor of safety for slope stability of 1.54. Spencer's method was used to further evaluate the failure
plane identified with the lowest FS. Spencer's method calculated the global factor of safety for slope stability
of the weakest failure plane to approximate 1.71
Table 2 has summarizes the results of the specific methods used to evaluate the slope stability of the landfill
and the corresponding factors of safety for global and block/wedge failures . The estimated failure planes and
output files are graphically depicted and provided in Appendix B.
A review of Table 2 reveals that all of the pseudo static methods used to evaluate the slope stability of the
proposed MBL expansion produced factors of safety (FS) against slope failure which exceeded the industry

accepted minimum threshold FS value of 1.5.
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40  DETERMINATION OF SITE SPECIFIC SEISMIC COEFFICIENT
The subtitle D regulations require landfill designs to be evaluated under seismic loading conditions resulting from the

seismic event with a 2% probability of exceedence in 50 years. The United States Geological Survey (USGS) has
developed an interactive hazard map to determine the peak horizontal ground acceleration which can be used to predict
seismic induced ground deformations and movements. Figure 4 provides the results of the predicted peak ground
accelerations resulting for different probabilities from the USGS interactive map.

Figure 4 - USGS Seismic Map
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However, the use of one ground motion parameter as a design basis is considered somewhat simplistic and overly

conservative since the frequency and duration of ground motion are equally important parameters. Bray, Rathje,
Augello and Merry (1998) have developed a simplified seismic analysis procedure for geosynthetic-lined, solid waste
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: landfills titled “Simplified Seismic Design Procedure for Geosynthetic Lined, Solid-Waste Landfills”.

SANTEK

VAY

WasteServices

The procedure used to calculate the seismic coefficients, k, using the aforementioned procedure is detailed in the

following paragraphs.

The median Maximum Horizontal Ground Acceleration (MHA), Mean Period of Acceleration Time History (7,,), and
Significant Duration of Acceleration-Time History(D,.;) values of the rock ground motion were determined from

entering Figures a, b, and ¢ which are provided below:
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(ﬂ) ‘ S lllll{ — T T T ||Ha ( ) 50
? ==aSey Stike slip E £ LI DL L BRI I
- v, -4 o .
-.‘evem - 1 50F -E
~ i Q F -3
8 Tl E
< 0.1 “ ﬁ E ]
g 3 ~ g a0f 2]
s hE 8 F
E 20F
8k
...... M, =80 £ : ]
901 sl _ao® 00:,1.1[1.|g:'gg:ll.l.i.l.f
! s "0 20 40 60 80 100 0 20 40 80 80 100

Distance (km) Distance (km)

Summary of Dynamic Parameters from Figures a, b, and ¢

M, 6.0 7.0
Distance 16 100
MHA; o 0.1g 0.21g
T 0.45s 0.72s
Dsgs. 7s 21

Distance (km)

The PGA values from the USGS interactive map fall within close proximity to the range of values determined from the
“Simplified Procedure”. Therefore, the seismic coefficients will be selected using the figures presented in the
“Simplified Procedure” since they are sensitive to earthquake magnitudes, time, and duration of motion.

Based upon the calculations outlined in the “Simplified Procedure” the range of seismic coefficients for the liner base
are as follows:

5.0

MHEA s = (0.21)(1.19)(0.72 o 0.54) = (0.18g to 0.13g)
SEISMIC STABILITY ANALYSIS

2014 Landfill Expansion Submittal 9

5.1 Pseudo-Static Analysis with Seismic Loading

Stabl5M was used to perform a number of pseudo static slope stability methods with the site specific seismic
coefficient on the most critical section (section C) of the proposed landfill.

A review of Table 2 reveals that several of the pseudo static methods produced an unacceptable factor of safety
against slope failure. Therefore, several procedures were performed to estimate the magnitude of seismic
induced ground deformations. HE has performed the Newmark Deformation Analysis Procedure “Newmark
Procedure” outlined in the TDSWM Earthquake Evaluation Guidance Document (EEGD), the Franklin & Hynes
deformation analysis, and the Simplified Method developed by Bray, Rathje, Augello and Merry (1998). The

procedures used to estimate seismic induced permanent displacements are summarized in the following
paragraphs.

- (A
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5.2 Seismic Deformation Estimation Procedures
Newmark Procedure
The following steps were performed as per the TDSWM EEGD to estimate permanent displacements.

Step 1. The first step of the analysis was to prepare the model of Section C as previously discussed.

Step 2. Perform pseudo-static slope stability analyses of Section C using different methods to determine the
lowest factor of safety.

Step 3. Calculate the seismic coefficients resulting from the seismic event defined statistically as the event
with a two percent chance of probability of occurrence in 50 years.

Step 4. Perform the pseudo-static analysis on the landfill model with the peak horizontal coefficient of
acceleration to determine the factor of safety. The pseudo static analysis resulted in a factor of
safety of less than one. Therefore, the Newmark deformation analysis was required to determine the
actual impact of the seismic event on the waste fill and liner/leachate collection system.

Step5.  The Newmark deformation analysis was performed as per the TDSWM Earthquake Evaluation
Guidance Policy (EEGP). The Newmark deformation procedure was performed as per the following
basic steps: _
4a. Determine Yield Acceleration. Yield acceleration is determined from substituting different

values for the horizontal acceleration into the pseudo static model until a factor of safety of
one is obtained.

4b,  Calculate the maximum crest acceleration induced in the embankment and the natural period
of the embankment using the Makdisi and Seed approach.

4¢.  Upon determining the maximum value of the crest acceleration proceed with the Newmark
procedure so as to calculate the total deformation predicted for the waste fill and
liner/leachate collection system.

4¢. Compare the permanent seismic deformation determined with the Newmark procedure to the
allowable maximum permanent displacement, u.,, of one half the soil liner thickness as
recommended in the TDSWM EEGD.
Step 4 of the Newmark Procedure requires that the seismic coefficient is entered into the pseudo-static model
to determine if the FS is equal to or greater than 1.0. HE entered the seismic coefficient into the different
pseudo-static slope stability methods provided in STABLSM to determine the factor of safety. With the
exception of the block/wedge analysis and Spencer’s Method, the slope stability methods performed with the
seismic loading were less than one. In cases where the seismic loading results in a factor of safety of less than
one the TDSWM EEGD requires the applicant to then determine the yield acceleration. The yield acceleration
(k) is the seismic coefficient that when entered into a pseudo-static model results in a FS of 1.0. HE has
calculated the yield accelerations and reported them in Table 2.
HE has taken the yield acceleration from each method and performed the Newmark Deformation Analysis
procedure as per the TDSWM EEGD. The results of the Newmark Procedure indicated that the maximum
deformation approximates 0.9 inches using the k; and failure plane depth determined from the Bishop Gircular
e Method. The pseudo static analysis with seismic loading and the Newmark Procedure workshests are
presented in Appendix B of this document.

2014 Landfill Expansion Submittal 10
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Franklin & Hynes Method

An additional procedure for estimation of deformation was also executed. Franklin and Hynes (1984) have
stated that slopes and embankments with a yield acceleration greater than or equal to half the peak ground
acceleration would experience permanent seismic deformations of less than one foot in any earthquake. Figure
5 is a graphical chart prepared by Franklin and Hynes for estimation of deformation due to seismic forces. The
deformation determined from the Franklin and Hynes chart was estimated to approach 5.1 inches. All
deformation estimates are presented in Table 2.

Figure 5 - Franklin & Hynes Displacement Chart
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PERMANENT DISPLACEMENT CHART (FRANKLIN and HYNES, 1984)
Displacement from Janbu Circle Slope Stability Analysis = 16 cm = 6.3 inches
Displacement from Spencer’s and Modified Janbu Random Method of Slope Stability = 12 cm = 4.7 inches
Displacement from Modified Bishop Circle Slope Stability Analysis = 11.0 cm = 4.3 inches
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Simplified Procedure by Bray, Rathje, Augello and Merry (1998)

The Simplified Procedure has provided yet another method to estimate deformations induced by predicted
seismic events. The Simplified Procedure is defailed in the following paragraphs based upon site specific
conditions:

Step 1 - Use the median Maximum Horizontal Ground Acceleration (MHA),Mean Period of Acceleration Time
History (T,), and Significant Duration of Acceleration-Time History (D55 )values of the rock ground motion
determined in Section 5.0 of this document as provided below to determine the dynamic properties:

M, 6.0 7.0
Distance 16 100
MHAR 0.1g 0.21g
T, 0.45s 0.72s
De 7s 27

Bray et al. (1995) found that the MHEA for important base sliding case depends primarily on the dynamic
properties and height of the waste fill (i.e. its fundamental period, T, as described by T, = 4H/V,, where H=
height of waste fill, and V, = average initial shear wave velocity of the waste fill) and the MHA and T, of the
input earthquake rock motion. Based on an
examination of Figure 6 the average velocity (V)

profile of waste would approximate 180 m/s at the 0 1£hear ‘E,V; “"‘°§§{; s [mfo)o 500
waste surface, approximately 250 m/s at a depth of o A LA L
30 m, and approximately 325 m/s at a depth of 60
m. Therefore, a reasonable weighted average for Vg

would approximate 250 m/s.

15 [~ .
L ', Recommended

L + range

30 [

Calculate the fundamental period T,

T. = 4HA, a5
T, = 4x60/250=0.96s, " Average prolile’./
Where H = 60 meters and V, = 250 m/s ] :

Depth {m)

60 -

75 1_li||||I|:11||||

Figure 6 - Shear Wave Profiles for MSW (Kavazanjian et al. 1996)

Summary of Parameters
Fill Thickness (H) Initial Shear Wave Velocity V, = 250 m/s Fundamental Period T
60 m (~200 ft.) 250 m/s (820 ft./sec) 7 0.96s
2014 Landfill Expansion Submiltal 12 -9
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Step 2: Calculate MHEAg s/ [(MHAgcx) (NRF)]
Using the parameters determined in the previous paragraph enter Figure 7 to determine normalized
maximum horizontal equivalent acceleration “MHEAgsse/ [(MHAzocx) (NRF)]™.

2.0 [ '+| I SR | l T | ] T I 1 T T I ) T i

—_ 1.8 - Rock site median -
g e 16th and 84th probability of exceedance lines |
gf 1.4 __3 * MHAgck (g) NARF ]
8 o8 0.1 T
£ 121 02 120 ]
S 1.0 PR B 0.3 109 -
= i c 0.4 1.00 1
gy ]

= 08 05 092 ]
{ & ¥
uj i ). 82
& 04} 0.8 078
0.2 |- e —
O-O 1 1 1 ' | 1 | 1 f 1 | i [ _I"_ff%

0o 10 20 30 40 50 60 70 80

Twasre [ Tneo

Figure 7 - Normalized Maximum Horizontal Equivalent Acceleration (from Bray and Rathje 1998)

Note: Figure 6 represents the normalized horizontal equivalent acceleration for base sliding versus normalized
fundamental period of waste fill

Calculate T,/ T, = 0.96/0.92 = 1.04
Enter Figure 7 with T, / T, at the 16% and 50% probability of exceedence to determine the value of
MHEAg e/ [(MHAzo) (NRF)]

Therefore from Figure 7 MHEAg s/ [(MHAzoe) (NRF)] = 0.7 at the 16" and 0.51 at the 50"

Determine NRF from the value previously determined for MHAzyc« by entering Figure 7. Therefore from
Figure 7 the value for NRF = 1.19

Therefore:

MHEAg e =[(MHAe) (NRF)] = (0.219)(1.19)(0.51 to 0.7) = 0.127g t0 0.175

Step 3 = Estimate the Seismically Induced Permanent Displacements:

ke = MHEA/g = 0.13g to .18g, and; k, from each of the methods can be used to calculate k, / ki,

k, = 0.14g for Bishop Circle Method, so k, / K, = 0.78

k, = 0.13g for Random Method, so k, / Ky, = 0.72

k, = 0.11g for Janbu Circle Method, S0 K, / Ky, = 0.61

k, = 0.13g for Spencer’s Method, o k, / k., = 0.72

Using the values of k., and k; for each of the methods resulting in a FS of less than one with the seismic
loading HE estimated the seismically induced permanent displacements (U) for localized sliding along the

2014 Landfill Expansion Submittal 13
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base of the land(fill for the design earthquake based using Figure 8:

Using the values of k, / k. enter Figure 8 to estimate the permanent displacements (U).

Thus, from Figure 8;

For Bishop Circle Method, enter k, / k,, = 0.78 in Figure 8 yields @ U / (k.0 (Ds.gs) = 3.50 mm/s
So U = (3.5 mm/sec)(0.18)(27sec) = 17 mm = 0.67 inches for the 16% probability fora M,, = 7.
For the Random Method, enter K, / kx = 0.72 in Figure 8 yields a U / (k;,,)(Ds.¢5) = 5.0 mm/s

So U = (5.0 mm/sec)(0.18)(27) = 24.3 mm = 0.95 inches for the 16% probability fora M, = 7
For the Janbu Circle Method, enter k, / k., = 0.67 in Figure 8 yields a U / (K, )(Ds.g5) = 8.5 mm/s
So U = (13 mm/sec)(0.18)(27) = 63.2 mm = 2.5 inches for the 16% probability fora M, = 7
For the Spencer Method, enter k, / k..., = 0.72 in Figure 8 yields a U/ (k) (D5 ¢s) = 5.0 mm/s

So U = (5.0 mm/sec)(0.18)(27) = 24.3 mm = 0.95 inches for the 16% probability fora M, = 7

Figure 8- Normalized Base Liner Sliding Displacements

10000 g y T s T T ' T3
= ] Z
m —
% 1000 E‘ - 2 g
& - :
B -
SE 100 E
2 £ ; e
= X ;
—&”‘ © Janbu Circle |
53 10F i
E= - = Bishop 1
o 8 [ ¥
0
0~ 1 E _ k-
= = A M, =625 E
N - X M, =70 ]
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Matlock Bend Landfill
Global Slope Stability Analyses

SUMMARY AND CONCLUSIONS
& Cross-Section C was used to depict the most critical waste slope relative to slope stability Factors of

Safety (FS).
4 The final cover slopes for the facility were generally found to approximate 3H:1V.

WasteServices

4 HE used the results of recent laboratory shear strength testing of the geosynthetic interfaces of an
almost identical bottom liner section to perform the stability analysis. However, it is imperative that
interface friction testing be performed prior to construction of the bottom liner.

& Peak shear strength values were used for the wedge/block analysis between the interfaces along the
shallow bottom liner grades and residual shear stress values were used on the interior side slopes.

+ The existing waste which was impacted by the 2009 landslide was assigned residual strength
parameters determined from the forensic investigation (back-calculations) performed by Geosyntec.

& The minimum target FS for static global slope stability of the proposed MBL expansion was 1.5.

« The minimum target FS for dynamic global slope stability of the proposed MBL expansion was 1.0.

& The factors of safely generated exceeded industry accepted values even though soil strength
parameters used in the model were much lower than the estimated shear strength.

& STABL5M slope stability software developed by Purdue University and the interface program referred
to as STEDWin developed by Harold Van Aller were used to calculate the FS using several methods.

& The Janbu Circle Method estimated the global slope stability factor of safety at 1.54 which was the
lowest pseudo-static calculated FS determined from all the methods utilized to estimate global slope
stability of the landfill.

& The only pseudo static slope stability methods employed to determine the factor of safety of the
waste mass that indicated a stable slope under the site specific seismic peak ground acceleration (A
factor of safety of 1.0 denotes imminent failure) was the wedge/block analysis using the Random
Method and Spencer’s Method. The random method for determining the critical failure surface under
seismic loading conditions resulted in a safety of 1.15 while Spencer's Method calculated the
seismic factor of safety at 1.27.

« Three separate seismic deformation analyses were conducted along Cross-Section C to estimate
permanent deformation. The Newmark Method developed by Makdisi and Seed, the Simplified
Method developed by Bray, Rathje, Augello and Merry (1998), and the method presented by Franklin

N and Hynes were both executed to estimate deformation resulting from the regulatory seismic event.

16
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+ The Makdisi and Seed Method was performed as per the TDSWM Earthquake Evaluation Guidance

Policy and resulted in predicted deformation of approximately one inch.

¢ The Franklin and Hynes Method predicted approximately 6.3 inches of deformation using the Janbu
Circle Method.

& The maximum estimated deformation attributed to the required design event based on execution of
the TDSWM recommended procedure was 4.9 inches. Again, a permanent deformation of 6.3 inches
was estimated using the curves illustrated in Figure 5 developed by Franklin and Hynes. Finally, the
“Simplified Method” was used to estimate deformation of the botiom liner. Execution of the
“Simplified Method” resulted in a maximum deformation of 2.5 inches. Again, Table 2 provides a
summary of the calculated deformation. Also, Appendix B, “Displacement Calculations™, provides
the Newmark Method worksheets used for calculating deformation.

In conclusion, it appears that the FS determined from the global slope stability analysis of the most critical
section through the proposed MBL expansion exceeds the minimum target FS of 1.5.

In addition, calculations performed to estimate the amount of deformation predicted from seismic loading
were less than the TDSWM limiting criteria of one-half the thickness of the clay liner component (1 foot
maximum deformation) of the liner system. Specifically, the maximum predicted deformation using several
different methods approximated 6.3 inches using the Franklin & Hynes analysis which is well below the one
foot maximum deformation threshold.

Based on the aforementioned analyses, it is the opinion of HE that the waste facility meets or exceeds the
minimum requirements for adequate global slope stability of the proposed expansion to the Matlock Bend
Landfill.

17
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Geosyntec®

consultants
Pave 7 of 19
Written by: Joseph Sura Date: 5 April 2012 Reviewed by: Ming Zhw/Robert Bachus  Dater 5 Aprit 2012
Client:  LCSWDC  Project:  "ratock B;:‘;L:;;’t';dﬁ” Slope  piect/ Propasal No.  GG4773  TaskNo.: 02

Table 1. Summary of Material Properties Used in Analyses'”,

Material Unit Weight Friction Cohesion

(ped) Angle®) | (psh)

Existing and New Waste 90 33 500

Shde-Aft?ected W??te 90 16 275

(conservative condition)

Fill Buttress 120 35 50
Liner Block Slip 90 20 0
Liner Block Slip 90 calculated®” 0
Subgrade Soils"™ 120 35 50

Notes:
1. Properties based on Geosyntec’s estimate of potential waste strength under sp. ific actual

and assumed calculation conditions.

Vulues of interface shear strength are calculated to obtain a minimum calculated FS of 1.30

{Sequence 3) and FS of 1.50 (Sequence 4).

3. The stip surfaces {circular and liner block slip) occur in the liner or waste materials,
therefore the subgrade soils are not expected to impact the calculated FS values.

!\J
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TRI/ENvIRONMENTAL, INC.

A Texas Research International Company

Interface Friction Test Report

Client: House Engineering TRI Logi#: E2373-94-07 John M. Allen, P.E., 10/28/2013
Project: I Test Method: ASTM D5321 Quality Review/Date
Test Date: 10/24/13-10/28/13

Tested Interface: Lean Brown Clay (LC-1) vs. GSE FS1-200E-08 Single-sided Geocomposite

(131434748)
Shear Stress vs. Normal Stress '
o0 Test Results
Peak Shear Stress (Linear Fify — ======= Lingar (LD. - Dotted)
16000 | Large
14000 & Peak | Displacement
e _ 3.0in.
2 12000 = @ )
E j Friction Angle
g (degrees): 16.5 16.3
‘e 8000
g : Y-intercept or
& 8000 <
7 : & Adhesion (psf): | 1571 1514
4000
2000 |, uun=" S S Shearing occurred at the interface.
0+ t — S e s e |
0 2000 4000 6000 8000 10000 12000 14000 46000 18000
Normal Stress (psf)
Test Conditions
hear St . Displ t
— Sl L Upper Box & Lean Brown Clay (LC-1) remolded to 103
pcf at 20.0% moisture content '
6000 |
- . Lower Box GSE single-sided geocomposite (geonet
7] 5000 + .
2 ’ side down)
#4000 - +4500 psf =9000 psf 218000 psf
§ Box Dimensions: 12"x12"x4"
_;:3 Interface Interface loaded and held for a minimum
0 Conditioning: of 24 hours prior to shear.
3 S . Test Condition: Wet
0% 0 20 e W Shearing Rate: 0.04 inches/minute
Displacement (inches)
reovoata
Specimen No. 1 2 3
Bearing Slide Resistance (Ibs) 51 94 179
Normal Stress (psf) 4500 9000 18000
Corrected Peak Shear Stress (psf) 2187 5309 6540
Corrected Large Displacement Shear Stress (psf) 2049 5309 6379
Peak Secant Angle (degrees) 25.9 30.5 20.0
Large Displacement Secant Angle (degrees) 24.5 30.5 19.5

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road LI Austin, TX 78733-6201 00 (612) 263-2101 I (512) 263-2558 11 1-800-880-TEST



| TRI/ENVIRONMENTAL, INC.

A Texas Research International Company

Client:
Project:

Interface Friction Test Report

House Engineering

Test Date: 10/22/13-10/25/13

TRI Log#: E2373-94-07
Test Method: ASTM D6243

John M. Allen, P.E., 10/28/2013

Quality Review/Date

Tested Interface: BentoLiner NWL GCL vs. Lean Brown Clay (LC-1)

30000

:

:

Shear Stress (psf)

15000 1

10000

Shear Stress vs. Normal Stress

Peak Shear Stress (Unear Fil)

Linear (LD. - Dotizd)

10000 15000 20000

30000

Test Results
Large
Peak | Displacement
(@3.0in.)
Friction Angle
(degrees): 15.0 1.0

Y-intercept or

Adhesion (psf): | 1174 2429

Note: Regression angles include an area
correction. Shearing occurred at the interface.

o 5000
Normal Stress (psf)
Shear Stress vs. Displacement Test Conditions
7000 - = ——
bl <G00l BYEp Ugper Box & BentoLiner NWL GCL (scrim side)
hydrated under 150 psf for 24 hours prior
- to mounting in the shear box
e Lower Box Lean Brown Clay (LC-1) remolded to 103
8 pcf at 20.0%
&
§ Box Dimensions: 12"x12"x4"
=
@ Interface Interface loaded at 2.5 psi‘hr to desired
Conditioning: load and held for a minimum of 16 hours
prior to shear.
40 Test Condition: Wet
Displacement (inches r ; ‘
P ! ! Shearing Rate: 0.04 inches/minute
Test Data

Specimen No. 1 2 3

Bearing Slide Resistance (Ibs) 51 94 179

Area Corrected Normal Stress (psf) 4811 9686 19286

Area Corrected Peak Shear Stress (psf) 2501 3721 6370

Area Corrected Large Displacement Normal Stress (psf) 6000 12034 22065

Area Corrected Large Displacement Shear Stress (psf) 2843 2157 3012

Peak Secant Angle (degrees) 27.5 21.0 18.3

Large Displacement Secant Angle (degrees) 25.4 10.2 7.8

The tesling herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.

TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.

9063 Bee Caves Road Ui Austin, TX 78733-6201 U (512) 263-2101 1 (512) 263-2558 O 1-800-880-TEST




TRI/ENVIRONMENTAL, INC.

A Texas Research International Company

Client:
Project:

Interface Friction Test Report

House Engineering TRI Log#: E23

Test Method: ASTM D6243

Test Date: 10/15/13-10/18/13

73-94-07 John M. Allen, P.E., 10/18/2013

Quality Review/Date

Tested Interface: BentoLiner NWL GCL vs. GSE 60 mil HDPE Textured Geomembrane

Shear Stress vs. Normal Stress
o _ _ Test Results
Peak Shear Stress {LinearFit) = ======= Linear {LD. - Dotted)
Large
5000 | Peak | Displacement
E (@ 3.0in.)
iy Friction Angle
§ 10000 + (degrees): 13.3 5.5
(/7] H
3 Y-intercept or
7 Adhesion (psf): 1197 703
Shearing occurred at the interface under the 4500
— : — | and 9000 psf. The GCL sheared interally under
° o000 Normal Sgress (psf) 1o 2% | the 18000 psf. '
Shear Stress vs. Displacement Test Conditions
6000 T
: +4500 psf ~9000psf  A18000 psf Upper Box & BentoLiner NWL GCL hydrated under
. 150 psf for 24 hours prior to mounting in
& r the shear hox
-1 i Lower Box GSE 60 mil HDPE textured
a ! geomembrane
& T
E } Box Dimensions: 12"x12"x4"
g i
“ k Interface Interface loaded at 2.5 psi/hr to desired
I Conditioning: load and held for a minimum of 16 hours
; prior to shear.
" e 20 % A5 Test Condition: Wet
Displ t(inch
R plaTRIRHC Shearing Rate: 0.04 inches/minute
Test Data
Specimen No. 1 2 3
Bearing Slide Resistance (lbs) 51 94 179
Normal Stress (psf) 4500 9000 18000
Corrected Peak Shear Stress (psf) 1942 3810 5299
Corrected Large Displacement Shear Stress (psf) 1038 1712 2382
Peak Secant Angle (degrees) 23.3 22.9 16.4
Large Displacement Secant Angle (degrees) 13.0 10.8 7.5
Asperily (mils) 17.8 19.0 14.0

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested. TRI neither accepts responsibility for nor makes claim as to the final use and purpose of the material.
TRI observes and maintains client confidentiality. TRI limits reproduction of this report, except in full, without prior approval of TRI.
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TABLE 2: SUMMARY OF LABORATORY TEST RESULTS FOR SANTEK ENVIRONMENTAL MATLOCK BEND LANDFILL EXPANSION

IN- IN-
=
Q8 PLACE | PLACE REMOLDED | UNDISTURBED
0 UNIFIED OPTIMUM | yniT | UNIT NATURAL HYDRAULIC | HYDRAULIC
= boring SOIL Pocket MAX DRY | MOISTURE | WEIGHT | WEIGHT | % FINER | % FINER MOISTURE | LIQUID | PLASTIC | PLASTICITY | CONDUCTIVITY | CONDUCTIVITY
> w BORING | elevation | SAMPLE | SAMPLE | CLASS | Penetrometer | DENSITY | CONTENT | pRy | WET | NO.4 | NO.200 | %FINER | CONTENT | LIMIT | LIMIT INDEX ASTM D5084 | ASTM D5084
2 NUMBER (ftmsl) |DEPTH (FT)| TYPE | (USCS) (tsf) (PCF) ® % (PCF) | (PCF) | SIEVE | SIEVE | .002MM (%) L.L. P.L. P.L (CMISEC) (CM/SEC) COMMENTS
B-58 876.6 35 ST cL 102 1026 | 802 57 33.4 24 43 22 21 5T LR el L L
B-58 876.6 28-29.5 ss cL 15 99.9 80.3 59.9 36 52 28 24
B-58 876.6 |COMPOSITE| BAG CL-CH 99.0 235 50 28 22 49X 10° ;ﬁg‘;ﬁe" fo:86% af sfandard
B-59 929.12 27-29 SS Bl 35 95.7 75.2 493 28 54 28 26
B-59 929.12 | COMPOSITE | Bag CL 107.5 16.8 41 21 20 25x10° ;ﬁg‘;‘(‘jﬁd 0 95% of standard
B-61 960.99 32-34 ST CcL 88.9 85.3 30 57 31 26 1.4x 107 Ezg‘age”°“6d BECASTM
B-62 926.67 18-19.5 SS cL 45 92.2 68.6 486 22 56 30 26
-3 B-62 926.67 28-29.5 SS cL 63.1 20.3 9.9 13 48 26 22
(=}
(3]
= B-63 935.27 18-19.5 SS cL 4 75.5 53.1 325 23 48 26 )
D 0y
o B-64 94456 |COMPOSITE| Bag cL 106.2 17.8 42 22 20 235 10° o 95% of standard
Q
) B-64 94456 | 34.5-36 ST &l 1007 | 101.2 26 55 29 26 g4 x 10 [T perarmed per ASTI
B-65 943.61 13-14.5 SS OH 45 31 51 30 21
B-65 943.61 38-39.5 SS cL 35 34 52 28 24
B-66 919.14 26-32 BAG Gl 109.0 17.4 40 21 19 8.6 x10° ;‘jg‘c‘;'odf“ to 98% of standard
B-67 912.31 17-19 ST CH 87.2 85.5 97.3 69.3 56.5 32 63 33 30 13%x107° Eg%tsﬁeffwmed per ASTM
B-68 904.42 14-15.7 ST OH 95.5 94.3 27 51 31 20 10x 107 ngteierformed per ASTM
B-68 904.42 29-30.5 ss cL 1 2 30 42 20 22
B-68 02498 |comPosTE| BAG | CL-CH 101.1 2138 50 26 24 6.2 x10° o kil
8 SB-47 903.4 6-8 BAG &L 114.8 14.1 82.5 40 NA 15.2 24.4 145 9.9 1.7x10° ;?g”;ged /95%af slapdard
= -8 Test performed per EPA
g SB-47 903.4 10-12 ST cL 90 85 NA 30.1 51.8 26.3 25.5 3.9x10 Nt o100
=) _8 Test performed per EPA
% 'E PZ-51 925.7 34-36 ST CcL 84 70 55.3 315 23.8 56x10 e amD
@ 7 remolded to 95% of standard
EW SB-52 928.8 20-22 BAG cL 104.3 19.4 92.5 62 NA 28.4 434 233 20.1 2.3x10 2 g
[ =
w -6 Test performed per EPA
- SB-53 957.2 26-28 ST ML 87 76 NA 40.4 26.8 13.6 1.3x10 i
2 P Test performed per EPA
= SB-55 924.9 7-9 ST cL 22x10°  |uemeasion
= EPA 9100 remolded @ 95.4%
e B-34 978.2 0.5-50 BAG CL 98.7 225 90.4 65.2 321 45 24 21 205x 107 std proctor density & 2% wet
= ¢ of opt. @
0n o
@D
e 7 EPA 9100 remolded to 100%
z B-34 978.2 0.5-50 BAG cL 98.7 225 90.4 65.2 32.1 45 24 21 4.99 x 10°® e
; .
NOTES ST - SHELBY TUBE SS - SPLIT SPOON BAG- BULK SOIL SAMPLE N/A - NOT AVAILABLE SS - SPLIT SPOON SAMPLE NP - NOT PLASTIC
Santek Environmental, Inc. Class | Landfill
Hydrogeologic Investigation Report
Northern Expansion
080-624 June 2008
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*% PCSTABLSM **
by
Purdue University
--Slope Stability Analysis-—-
Simplified Janbu, Simplified Bishop
or Spencer’'s Method of Slices

Run Date; 2/13/2014

Time of Run: G9:56AM

Run By: Jo K House

Input Data Filename: F:MATLCOCK BEND LANDFILL blockwedge.dat
Cutput Filename: F:MATLOCK BEND LANDFILL blockwedge.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLCCK BEND LANDFILL blockwedge.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION

Block Wedge

BOUNDARY COORDINATES
16 Top Boundaries
2% Total Boundaries

Boundary X-Left Y-Left X-Right Y~Right Soil Type
No. (ft) (£t} (£t) {ft) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 895.00 861.00 1
4 95.00 861,00 220.00 861.00 1
5 220.00 861.00 2385.00 900.00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900.00 324.00 897.00 2
8 324.00 - B897.00 332.00 90G.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952,00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.0C0 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 §42.00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1084.00 1120.00 3
17 332,00 900.00 441.00 861.00 5
18 441,00 861.00 464.00 861,00 6
19 464,00 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 8916.00 700.00 901.00 5
22 700.00 901.00 1094.00 8966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441,00 860.90 464.00 860. 90 1
26 464.00 860.90 630.00 915.90 1
27 630.00 915,90 646,00 915.90 1
28 646,00 915.90 700.00 899.90 1
29 700.00 899.90 1094.00 919.90 1

ISOTROPIC SOIL PARAMETERS

6 Type{s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) {pcf) (psf}) (deq) Param. {psf) No.
1 121.0 127.0 0.0 18.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70,0 90.0 0.0 33.0 G.0c0 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 i
5 62.0 62,0 700. 5.5 0.00 0.0 1
[ 62.0 62.0 1i97.0 13.3 0.00 0.0 1

1 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62,40

Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Water
No. (£t) (ft)
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1 0.00 820.00
2 450.00 856.00
3 1094.00 878.00

Searching Routine Will Be Limited Tc An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-Left X-Right Y-Right
No. (ft) (ft) (ft) (£t}
1 332.00 900.00 441.00 858.00
2 4431.00 858.00 464.00 858.00
3 464.00 858.00 630.00 813.00
4 630.00 913.00 646,00 913.00
5 646.00 913,00 700.00 897.00
6 700.00 897.00 1094.00 914.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating S8liding Block Surfaces, Has Been
Specified.

10 Trial Surfaces Have Been Generated.
7 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments Por Active And Passive Portions Of
Sliding Block Is 50.0

Box X-Left Y-TLeft X-Right Y-Right Height

No. (ft) (ft) (£t} {ft) (ft)
1 332.00 900.00 332.00 900.00 0.00
2 441,00 860.90 441.00 860,90 4,00
3 464,00 860. %0 464.00 860.90 4,00
4 630.00 915. %0 630.00 915.%0 4.00
5 646.00 915.90 646,00 915.80 4.00
6 T00.00 500.90 700.00 900.90 4,00
7 10060.00 916.00 1000.00 916.00 4,00

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined., They Are Ordered - Most Critical
First.
* % Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 12 Coordinate Points

Point X-8urf Y-Surf
No. (fT) (£1)
1 332.00 %00.00
2 441.00 859.83
3 464.00 B61,40
4 630.00 915.33
5 646.00 914.99
6 700.00 902.76
7 1000.00 917.11
8 1021.77 962.13
9 1035.26 1010.27
10 1067.58 1048.43
11 1075.36 1097.82
12 1086.66 1120.00
*** MINIMUM BLOCK FACTOR OF SAFETY 2.055 ***
Individual data on the 27 slices
Water Water Tie Tie Earthquake
Force Force Force Force Foxce Surcharge
Slice Width  Weight Top Bot Nerm Tan Hor Ver Load
No. (£t} {1bs) {1lbs) {1bs) {lbs) {1bs) (lbs) {lbs) (1bs)
1 52.6 66195.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0
2 56.4 219376.2 0.0 0.0 .0 G.C 0.0 0.0 0.0
3 15.7 84444.7 0.0 0.0 G.0 C.C 0.0 0.0 0.0
4 1.5 8064.2 0.0 0.0 0.0 .0 0.0 0.0 0.0
5 5.8 32459.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 33.0 184896.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 10.0 54430.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 18.6 98436.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 15.5 8199%1L.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 88.9 473019.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 16.0 88686.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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12 13,1 78052.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.9 5829.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 5.7 35874.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 4.3 26989.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
186 30.0 207183.6 0.0 0.0 0.0 0.0 c.0 0.0 0.0
17 15.0 114519.5 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0
i8 117.0 #**xkk*x 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 10.0 100815.3 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0
20 158,00 w#*xFkxdx 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 17.5 213369.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 4,2 45200.2 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0
23 13.5 120193.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 12.7 89239.8 0.0 0.0 6.0 0.0 0.0 0.0 0.0
25 19.6 113919.2 0.0 0.0 Gc.0 0.0 0.0 0.0 0.0
26 7.8 25546.2 0.0 0.0 6.0 0.0 0.0 0.0 0.0
27 11.3 8775.0 0. 0.0 0.0 0.0 0.0 0.0 0.0
: Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (£t) (£t
1 332.00 " 900.00
2 441.00 859.23
3 464.00 862.28
4 630.00 914,07
5 646.00 014.96
6 700.00 902.34
7 1¢00.00 917.68
8 1025.65 960.60
9 1102%.01 1010.49
10 1064.20 104¢.01
11 1088.27 1089.83
12 1091.28 1120.00
ok k 2.188 Kk k
Failure Surface Specified By 12 Coordinate Points
Point Z-8urf Y-Surf
No. (ft) (ft)
1 332.00 $00.00
2 441.00 862.04
3 464.00 860.16
4 630.00 917.33
5 646.00 914.42
6 700,00 901.31
7 1000.00 915.97
8 1009.71 965.02
9 1044.74 1000.70
10 1059.52 1048.46
11 1069.84 1097.39
12 1087.62 1120.00
&k k 2_212 * %%
. Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
No. (£t) {ft)
1 332.00 900.00
2 441,00 862.35
3 464.00 862,88
4 630.00 916.71
5 646.00 914.71
6 700.00 900.75
7 1000.00 914.82
8 1017.41 9461.69
9 1025.18 1011.08
10 1044.37 1057.25
11 1060.99 1104.41
12 1075.32 1120.00
* kK 2.249 * %%

Failure Surface Specified By 12 Coordinate Points
Point X-Surf Y-Surf
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(£t}

No. (ft)
1 332.00 900,00
2 441.00 862.61
3 464.00 859.52
4 630.00 916.54
5 646.00 917.05
6 700.00 901.41
7 1000.00 914.11
8 1029.66 954,36
9 1035.74 1003.99%
10 1042. 64 1053.51
11 1071.84 1094.10
12 1077.84 1120.00
* k& 2‘296 * Kok
Failure Surface Specified By 12
Point ¥-Surf Y-Surf
No. {fL) (ft)
1 332.00 900.00
2 441.00 859.09
3 464.00 859.990
4 630.00 915.26
5 646.C0 914,04
& 700.0C0 902.11
ki 1000.00 917.46
8 1003.76 967.32
9 1032.75 1008.06
10 1034.78 1058.01
11 1066.17 1096.93
12 1087.89 1120.00
* ok k 2.444 kK
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (£t) (ft)
1 332,00 900.00
2 441.00 861,98
3 464.00 862.85
4 630.00 916.595
5 646,00 %16.66
6 700,00 899.35
7 1000.00 914.50
8 1007.50 963.94
9 1016.19 1013.18
10 1037.43 1058.44
11 1071.79 1094.76
12 1078.57 1120.00
*k Kk 2.490 *kk
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (ft) (£t)
1 332,00 200.00
2 441.00 862.07
3 464,00 861.83
4 630.00 817,44
5 646.00 914.29
o 700,00 802.75
7 1000.00 917.29
8 1035.24 952.77
9 1040.82 1002, 486
10 1043.50 1052.38
11 1057.66 1100.34
12 1077.31 1120.00
* Kk 2.605 * %k
Failure Surface Specified By 12
Point X-Surf Y-surf
No. (ft) {ft)
1 332.00 200.00

Coordinate Points

Coordinate Points

Coordinate Points . .-

Coordinate Points -

blockwedge.out

Page 4
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441.00 861.72

2
3 464.00 860.00
4 630.00 917.490
5 646.00 917.28
6 700.00 900,02
7 1000.00 %14.10
8 1001.28 964,08
9 1033.90 1001.97
10 1036.12 1051.92
11 1058.76 1096.50
12 1082.26 1120.00
ok 2.993 * kK
Failure Surface Specified By 12 Coordinate Points
Point X-8urf Y-Surf
No. (£t) (£t)
1 33z.00 900.00
2 441,00 862.52
3 464.00 861.02
4 630.00 917.56
5 646.00 917.03
) 700.00 901.29
7 1000,00 916.33
8 1001.62 966.30
] 10062.76 1016.2%
10 1015.33 1064.68
11 1028.86 1112.82
iz 1029.93 1113.95

* ko 3‘888 *k *



MATLOCK BEND LANDFILL EXPANSION Block Wedge

stelactive projects\matlock bend landfillfinal submitaNglobal stabilty reporfiappendix b stability and deformation results\stabl output\block-wedge analysis sect c\matlock bend landfil blockwedge.pl2 Run By:J

: = ; T T T T T
Soil Soil Total Saturated Cohesion Friction Piez.

Desc. Type UnitWt. UnitWi. Intercept Angle Surface
Mo. (pcf)  (pcf) (psf) (deg) No.
121.0 127.0 0.0 19.0 W1 a
1240 127.0 0.0 28.0 Wi ” i
70.0 90.0 0.0 320 w1 )
79.0 20.0 0.0 200 VW1
62.0 62.0 700.0 55 W1
62.0 62.0 11970 133 W1

M bW N
D e R =

1 1 | 1 1 1 1 |

1

200 400 600 800 1000 1200 1400 1600

PCSTABL5M/si FSmin=2.06
Safety Factors Are Calculated By The Modified Janbu Method

1800
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% PCSTABLSM *¥
by
Purdue University
~—S8lope Stability Bnalysis—-—
Simplified Janbu, Simplified Bishop
or Spencer's Method of Slices

Run Date: 2/13/2014

Time of Run: 01:29PH

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic.dat
Qutput Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic,OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILL blockwedgewseismic, PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Block Wedge
BOUNDARY COCRDINATES
i6 Top Boundaries
2% Total Boundaries

Boundary X-Left Y-Left X-Right ¥-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 85.00 861.00 1
4 95.00 861.00 220,00 861.00 1
5 220.00 861.00 295,00 900.00 1
6 295.00 900.00 315.00 200.00 2
7 315.00 900.00 324.00 897.00 2
8 324.00 897.00 332.00 200.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952,00 507.00 651.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832,00 1052.00 842.00 1051.00 3
15 842,00 1051.00 1048.00 11206.00 3
16 1048.00 1120.00 1094.00 1120.00 3
11 332.00 9¢0.00 441.00 861.00 5
18 441,00 861.00 464.00 861.00 6
19 464.00 861,00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1054.00 966.00 4
23 700.00 301.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860,90 464.00 860.90 1
26 464.00 860.90 630.00 915.80 1
27 £30.00 915.90Q £46.00 915.90 1
28 646.00 915.9¢ 700.00 899.90 1
29 700,00 899.90 1094.00 $19.90 1

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil
Soil Total Saturated Cchesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wi, Intercept Angle Pressure Constant Surface

Ne. {pcf) (pef) {pst) (deqg) Param. {psf) No.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 80.¢ 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700. 5.5 0.00 0.0 1
& 62.0 62.0 11987.0 13.3 0.00 0.0 1
1 PIEZOMETRIC SURFACE({S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-VWater Y-Water
No. (ft) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 §76.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward



Boundary

No.

o O W R

X-Left
{fr)
332.00
441.00
464,00
630.00
646.00
700.00

Y-Left
(ft)
900.00
858.00
858.00
913.00

913.00

897.00

F:MATLOCK BREND LANDFILL blockwedgewseismic.OUT

X-Right
(ft)
441,00
464.00
630.00
646.00
700.00
1094.00

A Horizontal Earthquake Loading Coefficient
0f0.180 Has Been Assigned
A Vertical Earthguake Loading Coefficient
0Ff0.000 Has Been Assigned
Cavitation Pressure

A Critical Failure Surface Searching Method,

= 0.0 (ps£fh

Y-Right

(ft

858.
858.
913.
913.
897.
914.

)

Technique Por Generating Sliding Block Surfaces, Has Been
Specified.

10 Trial Surfaces Have Been Generated,
7 Boxes Specified For Generation Of Central Block Base
Length Of Line Segments For Active And Passive Portions Of
Sliding Block Is 5

Box
No.
1

~ o Ol W N

X-Left
(ft)
332.00
441,060
464.00
630.00
646.00
. 700.00
1000.00

0.0
Y-Teft
(£)
900.00
860.90
860.90
915.90
915,90
900.90
916.00

X-Right
(£t}
332.00
441,00
464.00
630.00
646.00
700.00
1000, 00

Y-Right
(£t)

900.
B60.
860.
915.
915.
900.
916,

00
10
90
80
90
80
co

Using A Random

4,00

Following Are Displayed The Ten Most Critical Of The Trial

Failure Surfaces Examined.

First.
* % Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 12 Coordinate Points

P

Slice Width

No.

{ft
52.
56.
15.

CW~NNWHFOoODYLHOOOOO & g~

oint X-Surf Y-Surf
No. {ft) {ft)
1 332,00 200.00
2 441.00 859.83
3 464.00 861,40
4 630.00 915.33
5 646.00 914.99
3 700,00 902.76
7 1000.60 917.11
8 1021.77 462,13
9 1035.26 1010.27
10 1067.58 1648.43
11 1075.36 1097.82
12 10B6.66 1120.00
* &k 1‘149 * kK
Individual data on the 27 slices
Water Water Tie Tie
Force Force Force Force
Weight Top Bot Norm Tan
{lbs) {1lbs) {1bs) (lb=s) {los)
66195.0 0.0 0.0 0.0 0.
219376.2 0.0 0.0 0.0 0.
B4444.7 0.0 0.0 0.0 0.
8064.2 0.0 0.0 0.0 0.
32459.5 0.0 0.0 0.0 0.
184896.7 0.0 0.0 0.0 0.
54430.1 0.0 0.0 0.0 0.
98436.9 0.0 0.0 0.0 0.
81991.5 0.0 0.0 0.0 0.
473019.4 0.0 0.0 0.0 0.
88686.2 0.0 0.0 0.0 0.
78052.4 0.0 0.0 0.0 0.
5829.8 0.0 0.0 0.0 0.
35874.3 0.0 0.0 0.0 0.
26989.5 0.0 0.0 0.0 0.
207183.6 0.0 0.0 0.0 0.

[=NeloleoReleReRoleNoRoleRollelo ]

They Are Ordered - Most Critical

Earthquake

Hor
{1bs

11915,
39487,
15200.
1451.
584z,
33281.
2797,
17718.
14758,
85143,
15963,
14049,
1049,
6457,
4858.
37293,

Force

)

Hab bR d0 O -3

Ver
{(ibs)

[ e I oo W o I oo B B o B o I - B o T o B B e i B e )

fs B o I o s Y eos T s an Y o B o Y - ctn B o e Y s Y s Y o

Surcharge

Load
{lbs)

OCOoOCOOOOoO OO OOOOoOC OO
COC OO CCOOOCOOODOoOOC OO
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F:MATLOCK BEND LANDFILL blockwedgewseismic.OUT

20613.5

*xkFkhkkdkk

18146.8
Fok e kk ko
38406.
8136,
21634,
16063.
20505.
4598.
1578.

o OO0 00o0oCO
OOoOCOoOOoOoDoOoO0

OO COOoOOOoOO0O
COoOOoOoCOOO0OOOoO0o
CwohJdoa

o
o

Coordinate Peints

Coordinate Points

Coordinate Points

15.0 114519.5 0.0 0.0
LL7,0Q AkEEEkEE 0.0 0.0
10.0 100815.3 0.0 0.0
158.0 ***F*ksx 0.0 0.0
17.5 213369.1 0.0 0.0
4.2 45200.2 0.0 0.0
13.5 120193.0 0.0 0.0
12.7 89239.8 0.0 0.0
19.6 113919.2 0.0 0.0
7.8 25546.2 0.0 0.0
11.3 8775.0 0.0 0.0
Failure Surface Specified By 12 Coordinate Points
Point X-8urf Y-surf
No. {ft) (£t)
1 332.00 900.00
2 441.00 859.23
3 464.00 862.28
4 630.00 814.07
5 646.00 914.96
6 T00.00 802.34
7 10G0,00 917.4a8
8 1025.65 $60.60
2 i029.01 1010.49
10 1064.20 1046.01
11 1088.27 13892.83
12 1091.28 1120.00
* &k 1_175 * * %k
Failure Surface Specified By 12
Point X-Surf Y-Surf
No. (ft) (ft)
1. 332.060 900.00
2 441,00 862.04
3 464.00 860.16
4 630.00 917.33
5 646.00 914.42
& 700.00 901.31
7 1000.00 915.97
8 1009.71 965.02
9 1044.74 1G00.70
10 1059.52 1548.486
11 1069.84 1497.39
12 1087.62 1120.00
. * kK 1.228 * &k
Failure Surface Specified By 12
Point X-8urf ¥-Surf
No. (£t) (£t)
1 332,00 900.00
2 441.00 8592.09
3 464.00 859.920
4 630.00 915.26
5 646.00 914.04
& 700.00 50z2.11
7 1000.00 917.46
8 1003.7¢6 967.32
9 1032.75 16008.086
10 1034.78 1058.01
i1 1066.17 1096.93
12 1087.89 1120.00
* k& 1_230 * %%
Failure Surface Specified By 12
Point X~-Surf Y-Surf
No. (ft) (£t
1 332.0Q0 200,00
2 441.00 862.35
3 464,00 862.88
4 630.00 916.71
5 646.00 914.71
6 700.00 200.75
7 1000,00 914.82
8 1017,41 961.69

OO0 OoOOOCOO0O

[ i o clie Y i e e i o Y e i O i Y e

COOO0OOoOOo OO O0O
OO0 COOO o0
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MATLOCK BEND LANDFILL EXPANSION Block Wedge

ictive projectsimatiock bend landfilMinal submittahglobal stability repori\appendix b stability and deformation resultsistabl outputiblock-wedge analysis sect c\matlock bend landfil blockwedgewseismic.p2 Run
T ¥ T T T T T

Soil w% Total me_,mwmn. Cohesion Friction _u,mn. Load Qm_um
Desc. Type Unit'Wt. Unit Wt Intercept Angle Surface|| HorizEgk 0.180 g<
No. (pcf) {pcf) (psf) (deg) No.

4 1 1210 127.0 0.0 19.0 W1 a
2 2 1240 1270 0.0 28.0 W1 i
3 3 700 °0.0 0.0 3.0 W1

3 4 79.0 50.0 0.0 20.0 W1

S 5 820 62.0 700.0 55 w1

6 6 620 62.0 13.3 W1

I 1 1 1 I 1 ] I I

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=1.15
Safety Factors Are Calculated By The Modified Janbu Method




or Spencer’'s Method of Slices

Run Date:

Time of Run:

Run By:

Input Data Filename
Qutput Filename:
Unit:

Plotted Output Filename:

PROBLEM DESCRIPTION

*¥% PCSTABLSM *#*

by

Purdue University
——Slope Stability Analysis—-
Simplified Janbu, Simplified Bishop

2/13/2014

01:34PH

Jo K House
F:Spencer Block.dat
F:S8pencer Block.OUT

ENGLISH
F:Spencer Block.PLT -
MATLOCK BEND LANDFILI. EXPANSIONT_

Spencer Block

BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries
Boundaxy X-Left Y-Teft
No. (£t} {ft)
1 0.00 895.00
2 30.00 880.00
3 50.00 880.00
4 95.00 861.00
5 220.00 861.00
6 295.400 %00.00
7 315.00 900.00
B 324,00 897.00
9 332.00 200.00
10 497.00 952.00
11 507.00 951.00
12 660.00 1001.00
13 670.00 1000.00
14 832.00 1052.00
15 842.00 1051.00
16 1048.00 1120.00
17 332.00 900.00
18 441,00 861.00
19 464.00 861.00
20 630.00 916.00
21 644.00 916.00
22 700.00 901,00
23 700.00 901.00
24 332.00 899,00
25 441.00 860.20
26 464,00 660.20
27 630.00 915.20
28 646.00 915.90
29 700.00 899.20

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil

S0il Total Saturated Cohesicn Friction Pore - Pressure’ Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf} (pct) {psf) {deg) Param, (psf)- " HNo..
1 121.0 127.0 0.0 19.0 0.00 G.0 - 1.

2 124.90 127.0 0.0 28.0 0,00 ¢.0 - 1
3 “70.90 90.0 0.0 33.0 0.00 0:0 - 1
4 79,0 90.0 0.0 20.0 0.00 - 0.0 1:

5 62.0 62.0 700.0 5.5 0.00.- 0.0 1w
& 62.0 62.0 1197.0 13.3 0.0G. .- 0.0 1.

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPRCIFIED
Unit Weight of Water = 62.40 :
Piezometric Surface No. 1 Specified by 3 Cocrdinate Points
Point X-Water Y-Water : T
No, (ft) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 878.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries

Of Which The First

¥-Right
(£t)
30.00
50.00
95.00
220,00
295,
315.
324.
332.
497,
507.
660.
670.
832.

842
1048
1094

441.
464,
630.
646.
700.

1094
ioe4
441
464
630
646
700
1094

.

00
00
00
00
00
00
00
00

00
00
00
00
00

Y-Right

{ft)

880, C0
880.00

F:Spencer Block.QUT

© Soil Type. :
. Below Bnd

861.00

861.00

900.00~

200.00
897.00

200.00 .

952.00°

851.00
1001.00

1000.00"
1052.00-

1051.00
1120.00

1120.00-

861:00
861.00
916.00
916.00
901.00
966,00
$21:00
860.90
860.90
815.90
915.90
899.90
919.90

O R O O O U1 W0 A W D ) ) L) 0 B R D e et b e b

& Boundaries Will Deflect Surfaces Upward
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Boundary ¥-Left Y-Left
No. (L) (ft)
1 332.00 900.00
2 441,00 858.00
3 464.00 858.00
4 630¢.00 913.00
5 646.00 913,00
6 700.00 897,00
Trial Failure Surface Specified By 12 Coordinate Points
Point X-surf Y-3uxf
No. (ft} {£ft)
1 332.00 200.00
2 441,00 859,83
3 464,00 861.40
4 £30.00 915.33
5 646.00 214.99
[ 700.00 902.76
7 1000.00 917.11
8 1021.77 962.13
9 1035.26 1010.27
10 1067.58 1048.43
11 1075.36 1097.82
12 1086.66 1120.900
Spencer’ s FOS FOS
Theta {Moment) {Force)
{deq) (Equil.) (Bguil.)
5,00 2.651 2.220
7.50 2.643 2.306
19.45 - 2,371 2,113
14.77 2.535 2.57¢6
12.50 2.584 2.488
13.87 2.557 Z2.541
14.23 2.548 2.555
14.13 2.551 2.551

Factor 0f Safety For The

Spencer's Theta =

Factor Of Safety Is Calculated By Spencer s Method of Slices

Slice
No.

14.13

X-Right
(ft)
441.00
464.00
630.00
&46.00
700.00
1094.00

**% T,ine of Thrust ***

X

Coord.

384.
441,
456.
458,
464.
497.
507.
5286.
541.
630.
646,
659.
660.
665.
670.
700,

715

832.

842.
1000.
1017.
1021.
1035.
1048.
1067.
1075.
1086.

Y

Coord.
896.92
886.35
889.45
889.69
890.23
900.31
903.36
909.16
916.07
966.95
962 .27
952.26
951.84
949,62
246,48
034.41
635,44
953.75
955.18
976.16
1008.55
1015.33
1043.47
1053.59
1078.55
1108.37
1554.65

0.
0.
0.
G.
0.
0.
0.
0.
0.
G.
Q.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

L/H
ah4
356
364
364
359
353
370
365
389
680
581
454
449
435
408
296
288
313
323
316
353
357
296
299
421
476
000

Y-Right
(ft)
858.00
858.00
913.00
913.00
897.00
914.00

Preceding Specified Surface

Side Force
(Lbs)
50543,
i88831.
194676.
195591,
202046,
189868.
186283.
179636,
161679,
71319,
92235,
125277.
127357,
139689,
156126.
281271,
306709.
410869.
420802.
604858,
366929.
328516.
184980.
130800.
57741.
9493.

-G.

F:Spencer Block.OUT Page 2
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MATLOCK BEND LANDFILL EXPANSION Spencer Block

vastelactive projectsimatiock bend landfilifina! submittalglobal stability reportiappendix b stabilty and deformation results\stabl output\block-vsedge analysis sect cispencer blocKispencer block.plt Run By: Jo
T 1 i ! 1 ] T 1

| Total Saturated Cohesipn Friction Piez.

> UntWt. Unit Wt [ntercept Angle Surface
(pcf)  (pch) (psf)y  (deg) MNo.
121.0  127.0 0.0 12.0 w1
1240 127.0 0.0 28.0 v
70.0 20.0 0.0 33.0 Wi
79.0 20.0 0.0 20.0 w1
62.0 862.0 700.0 55 W1

52.0 62.0 13.3 w1

llllllllll

1 I 1 | | L 1 1 ]

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=2.55
Factor Of Safety Is Calculated By Spencer’s Method of Slices



F:Spencer Blockw seismic.OUT

*% PCSTABLSM **
by
Purdue University
~—Slope Stability Analysis-—
Simplified Janbu, Simplified Bishop
or Spencer's Method of Slices

Run Date: 2/13/2014

Time of Run: 01:36kM

Run By: Jo K House

Input Data Filename: F:Spencer Blockw seismic.dat
Output Filename: F:Spencer Blockw seismic.OUT
Unit: ENGLISH

Plotted Output Filename: F:Spencer Blockw seismic.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Spencer Block
BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary X-Left Y-Left ¥-Right Y-Right Soil Type
No. (£t} {ft) (£t} (f£) Below Bnd
1 0.00 895,00 30.00 880.00 1
2 30.00 880.00 50,00 880.006 1
3 50.00 880.00 95.00 861,00 1
4 95,00 861.00 220.00 861,00 1
5 220.00 861.00 295,00 900.00 1
6 295.00 900,00 315.00 800,00 2
7 315.00 900.00 324,00 897.00 2
8 324.00 897.00 332.00 - 900.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951,00 660.00 1001.00 3
12 660,00 1001.00 670.00 1000.00 3
13 £70.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842.00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1094.00 ©1i20.00 3
17 332.00 900.00 441.00 861.0C 5
18 441,00 861.00 464,00 861,00 &
19 464,00 861.00 £30.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646,00 916.00 700.00 901.00 5
22 700.00 901.00 1094.00 966.0C0 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860.920 464.00 860.90 1
26 464.00 860.90 630.00 915.90 1
27 £30.00 915.90 646.00 915.90 1
28 646,00 915.%0 700.00 899,90 1
29 700.00 899.90 1094.00 919,90 1

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil
Seil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit W&. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pct) (psf) (deg) Param. (pst) Ne.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 90.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 0.00 0.0 1
1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Hater
No. (£t) (£t)
1 0.00 820.00
2 450.00 850.00
3 1094.,00 878.00

Searching Routine Will Be Limited To An Area Defined By 6 Boundaries
Of Which The First 6 Boundaries Will Deflect Surfaces Upward

Page 1



Boundary

No.

AN W

X-Left Y-Left
(ft) (fe)
332.00 900.00
441.00 858.00
464.00 858.00
630.00 913.00
646,00 913.00
700.C0 897.00

¥-Right
{(ft)
441.00
464,00
630.00
646.00
760.00
1094.00

A Horizontal Earthquake Loading Coefficient
0£0.180 Has Been Assigned
A Vertical Earthguake Loading Coefficient
0£0.000 Has Been Assigned
Cavitation Pressure =

Point
No.

W W-IRN AW

10
11
12-
Spencer
Theta
(deg)
5.00
7.50
15.75
10.80
11.24
13.08
12.34
12.54

Factor Of Safety For The Preceding Specified Surface

°s

0.0

(psf)
Trial Failure Surface Specified By 12 Coordinate Points

X-Surf Y-Surf
(ft} (£e)
332.00 900.00
441.00 859.83
464.00 861.40
630.00 915.33
646.00 914.9%
700.00 902.76
1000.00 917.11
1021.77 962.13
1035.26 1010.27
1067.58 1048.43
1075.3¢6 1097.82
1086.66 1120.00
FOS FOS
{Moment}) {Force)
{Eguil.} (BEquil.}
1.293 1.194
1.287 1,217
1.239 1.297
1.274 1.248
1.272 1.252
1.261 1.270
1.266 1.263
1.265 1.265

Spencer's Theta = 12.54
Factor Of Safety Is Calculated By Spencer’'s Method of Slices
*%% Tjine of Thrust ***

Slice
No.

Y

Cooxd, Coaord.
384,66 896.15
441.00 B86.02
456.68 889.26
458.14 889.406
464.00 889,51
497.00 897.31
507.00 B99. 66
526.08 904.12
541.57 910.52
630.00 958.85
646.00 956,41
659.03 947,22
660.00 946.99
665,69 945,75
670.00 941.26
700.00 927.39
7i5.02 928.13
832.00 949,84
842.00 950,47
1000.00 974,14
1017.54 1007.60
1021.77 1014, 64
1035.26 1039,93
1048.00 1052.21
1067.58 1078.89

L/H
L432
.351
.362
.361
.351
.315
.321
.298
.316
.574
.509
.397
.394
.392
.351
.230
222
.278
.289
.305
. 347
.352
.281
.284
. 426

Lo el o B o B e B o ) o B o - T o Y o Y e Y Y o i e Y e o - Y e o -

F:Spencer Blockw seismic.OUT

Y-Right
(£t)

858.
858.
813.
913.
897,
914 .

Side Force

(Lbs}
59808.
201928,
203763.
204077,
213916.
210311.
209249,
207281.
182524.
73679,
84882.
116685.
118160.
126880.
149401.
320867.
356705,
420889.
427072,
540489.
313554.
278546,
156763.
107466.
42975.

00

1.265
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26 1075.36 1167.25 0.425 T675.
27 1086.66 1871.63 0.000 -14.



MATLOCK BEND LANDFILL EXPANSION Spencer Block
Aactive projects\matiock bend landfilfinal submittahglobal stabilty reporilappendix b stabilty and deformation resultsistabl cutpufiblock-wedge analysis sect cispencer blockispencer blockw seismic.pit Run By

T : T T T T 1 T T

| Total Saturated Cohesion Friction Piez. Load Value

: Unit Wi UnitWt Intercept Angle Surface|| HorizEgk 0.180 g<
(pcf)  (pch) (psf)  (degy lMo.
1210 127.0 0.0 12.0 Vx|
1240 127.0 0.0 28.0 w1

70.0 20.0 0.0 33.0 Wi
73.0 80.0 0.0 20.0 W1
82.0 62.0 700.0 5.5 Y

62.0 13.3

1 1 1 I

1 1 1 1

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=1.27
Factor Of Safety Is Calculated By Spencer’s Method of Slices



MODIFIED BISHOP CIRCLE SLOPE ANALYSES




F:MATLOCK BEND LANDFILLBISHOP.OQUT

*% PCSTABLSM #%
by
Purdue University
-~5lope Stability Analysis--
Simplified Janbu, Simplified Bishop
or Spencer’s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:32AM

Run By: Jo K House

Input Data Filename: ' F:MATLOCK BEND LANDFILLBISHOP.dat
Qutput Filename: F:MATLOCK BEND LANDFILLBISHOP.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILLBISHOP.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILT, EXPANSION
BISHOP CIRCLE
BOUNDARY CCORDINATES
16 Teop Boundaries
29 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (ft) Below Bnd
1 0.00 895.00 30.0G0 880.00 1
2 30.00 880,00 50.C0 880.00 1
3 50.00 880.00 95.00 861.00 i
4 95.00 861.00 220,00 861.00 1
5 220.00 861.00 295.00 900,00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900,00 324.00 897.00 2
8 324.00 897,00 332.00 900.00 2
9 332.00 -900.00 487.00 952.00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00. 832.00 1052.00 3
14 832.00 1052.00 842,00 1051.0G0 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.06 1094.00 1120.00 3
17 332.00 900.00 441,00 861.00 5
18 441.00 861.00 464,00 861.00 &
i% 464.00 861.00 630.00 916.00 5
20 630.00 816.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1084.00 966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860.90 464,00 8¢0.90 1
26 464,00 860.90 630.00 915.90 1
27 630,00 915.90 646.00 915.%0 1
28 646.00 915.90 700.00 899.90 1
29 700.00 899.90 1094.00 919.90 1

TSOTROPIC 50T, PARAMETERS
6 Type{s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No.

No. (pcf} {pcf) (psf) (deg) Param. {psf)
1 121.0 i27.0 0.0 13.0 0.00 0.0
2 124.0 127.0 0.0 28.0 0.00 G.0
3 70.0 20.0 0.0 33.0 0.00 0.0
4 79.0 90.0 0.0 20.0 0.00 0.0
5 62.0 62.0 700.0 5.5 0.00 0.0
& 62.0 62.0 1197.0 13.3 0.00 0.0
1 PIEZOMETRIC SURFACE(S) BAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Water
No. (ft) (£1)
1 0.00 820.G0
2 450.00 850.00
3 1094.00 878.00

A Critical Failure Surface Searching Method, Using A Random

Piez.

R

Technigue For Generating Circular Surfaces, Has Been Specified.

Page 1



F:MATIOCK BEND TANDFILLBISHCP.OUT Page 2

100 Trial Surfaces Have Been Generated.
10 Surfaces Tnitiate From Rach Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100.00 ft.
and X = 600.00 ft.
Fach Surface Terminates Between X = 832.00 ft.

and X =1094.00 ft.
Unless Further Timitations Were Tmposed, The Minimum Elevation
At Which A Surface Extends Is Y =700.00 ft.
50.00 ft. Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.
* + gafety Factors Are Calculated By The Modified Bishop Method * *
Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y—-Surf
No. (ft) {ft)
1 100.00 861,00
2 146.91 843.69
3 194.74 829.13
4 243.34 817.36
5 292.53 808.43
6 342.16 802.35
7 392.06 799,17
8 442,00 798.88
9 491,99 801.48
10 541.69 806.97
11 590.99 - 815.33
12 639.71 826,53
13 687.71 840.53
14 734,82 857.29
15 780.88 876.75
18 825.73 898.84
17 869.23 923.50
18 911.23 950.63
19 951.59 980.15
20 990.17 1011.95
21 1026.84 1445.94
22 1061.49 1081.99
23 1093.989 1119.99
24 1093.99 1120.00
Circle Center At ¥ = 422.1 ; ¥ = 1661.7 and Radius, 863.1
* ok 1_694 * fe ¥k
individual data on the 46 slices
Water Water Tie Tie Earthguake
Force Force Force Force Force Surcharge
Slice Width  Weight Top Bot Norm Tan Hor Ver Leoad
Ne, (ft) (1bs) {1bs) (1bs {1bs} {1bs) (1bs) {1bs) {1bs)
1 46.9 49120.3 0.0 0.0 0.0 6.0 0.0 0.0 0.0
A 37.4 104257.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 10.4 38179.5 0.0 1302.3 0.0 0.0 ¢.0 0.0 0.0
4 25.3 107927.4 0.0 12547.3 0.0 0.0 0.0 0.0 0.0
5 23,3 134512.7 0.0 22811.2 0.0 0.0 0.0 0.0 0.0
& 49,2 442091.2 0.0 77732.% 0.0 0.0 0.0 0.0 0.0
7 2.5 27663.6 0.0 4847.1 0.0 0.0 0.0 0.6 0.0
8 20.0 232888.4 0.0 41942.2 0.0 0.0 0.0 0.0 0.0
9 9.0 105179.1 0.0 20421.1 0.0 0.0 0.0 0.0 0.0
10 8.0 94562.4 (0.0 18958.2 0.0 0.0 0.0 0.0 0.0
11 30.2 121325.9 0.0 25175.6 0.0 0.0 0.0 0.0 0.0
12 49.9 616822.2 0.0 *HEdkix 0.0 0.0 0.0 0.0 0.0
13 48.9 627127.9 0.0 *Exdkxkk 0.0 0.0 0.0 0.0 0.0
14 1.1 13730.6 0.0 3335.0 0.0 0.0 0.0 0.0 0.0
i5 7.9 103503.9 0.0 25076.3 0.0 0.0 0.0 0.0 0.0
i6 14.0 184912.8 0.0 44265.7 0.0 0.0 0.0 0.0 0.0
17 28.0 385561.5 0.0 88187.1 0.0 0.0 0.0 0.0 0.0
i8 5.0 71586.8 0.0 15762.4 0.0 0.0 0.0 0.0 0.0
i9 10.0 143371.7 0.0 31156.8 .0 0.0 0.0 0.0 0.0
20 34.7 512318.7 0.0 FxxFriEs 0.0 0.0 0.0 0.0 0.0
21 49.3 772757.1 0.0 FrExEks 0.0 0.0 0.0 0.0 0.0
22 39.0 637627.4 0.0 92748.9 0.0 0.0 0.0 0.0 0.0
23 9.7 160542.4 0.0 20273.3 0.0 0.0 0.0 0.0 0.0
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= 1459.4 and Radius,

Coordinate Points

6.3 10340b.6 0.0 12627.8
14.0 226862.0 0.0 25838.7
10.0 157049.9 ¢.0 16521.6
17.7 268326.6 0.0 25308.9
12,3 180042.0 0.0 14538.9
34.8 493056.3 0.0 24258.9
13.4 183341.6 0.0 2314.4
32.6 425960.7 0.0 0.0
44,9 533600.7 0.0 0.0

6.3 69002.2 0.0 0.0

8.1 86253.7 0.0 0.0

1.9 1B933.2 0.0 0.0

0.3 2844 .4 0.0 0.0
27.0 266291.0 0.0 0.0
11.3 106671.3 0.0 0.0
30.7 276062.4 0.0 0.0
40.4 326456.8 0.0 0.0
38.6 264979.5 0.0 0.0
36,7 189792.2 0.0 0.0
21.2 88133.8 0.0 0.0
13.5 42500.1 0.0 6.0
32.5 43245.1 0.0 0.0

0.0 0.0 0.0 0.0

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y-Surf
No. (L) {£L)
1 100.00 861.00
2 143.63 836.58
3 188.90 815.34
4 235.56 797.37
5 283.38 182.78
& 332,12 771.64
7 381.53 763.99°
8 431.3%7 759,89
9 481.36 759.35
10 531.27 762.38
11 580.84 768.96
12 629.81 779.05
13 677.93 792,61
14 724,97 809.5¢6
i5 T770.68 829.83
i6 814.83 853.30
17 857.19 B879.85
18 897.56 909.36
19 935.71 941.68
20 971.47 976.63
21 1004.64 1014.04
22 1035.07 1053.72
23 1062.58 1095.46
24 1076.35 1120.00
Circle Center At X = 463.8 ; Y
* &k 1_713 * k&
Failure Surface Specified By Z1
Point X-8urf Y~Surf
HNo. (ft) (ft)
1 211.11 861.00
2 257.97 843,55
3 305.92 829.39
4 354.74 818.58
5 A04.19 811.17
6 454,03 807.19
7 504.02 806.68
8 553.94 809.62
9 603.53 816.01
10 652.56 825.81
11 700.79 838.98
12 748.00 855.45%5
13 793.96 875.15
14 838.44 897.98
15 881.24 923,84
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Circle Center AL

L

Point
No.

F:MATLOCK BEND LANDFILLBISHOP.OUT

922.14 952.59

960.96 984,10

997,51 1018.22
1031.61 1054.79
1063.10 1093.63
1081.61 1120.00 :

= 486.5 ; Y = 1529.0.. and Radius, 722.5
1.738 ok to
Failure Surface Specified By 21 Coordinate Points
X~-Surf Y-8urf
(ft) (ft)

211.11 861.00

259.21 847.54

308.16 837.09

357.61 829.69

407.42 825.37

457.41 824.14

507.37 826.00

557.13 830.96

606.48 838.99

655.24 850,006

703.22 864.13

750.23 881.15

796.10 201.04 -
840.66 923.74 :
883.72 949.15

§25.12 977.18

964,71 1007.72
1002.33 1040.66
1037.84 1075.86
1071.10 1113.18
1076.45 1120.00

Circle Center At X = 452.3 ; Y = 1631.0 and Radius, 806.2

* %k

Point
No.

e
NEOW®m-1o,Ud Wi

Circle Center At X

* kX

Point
No.

_ 1,751 xEH .
Failure Surface Specified By 19 Coordinate Points
X-Surf Y-Surf
(£t (£t}
322.22 837.59
367,34 876.03
414,17 858.53
462.36 845.20
511.54 836.17
561.32 831.49
611.32 831.22
661.15 835.33
710.43 843.82
758.76 856.60
805.79 873.58
851.14 894.64
894,47 919.60
935,43 948.27
973.71 980.43
1009.02 1015.84
1041.07 1054.21
1069.63 1095.25
1083.80 1120.00 ’ )
= 589.5 ; Y = 1398.9 and Radius, 568.1
1,763 ok L
Failure Surface Specified By 21 Coordinate Points
X-Surf Y-Sur® :
(£t (ft)
155.56 861.00
199,29 836.76
244,94 §16.42
292.23 800.12
340.74 787.99
350.11 780.12
439,99 776.57
489.¢8 1.3
539.72 782.51

W W-~1o & Why =

Page 4
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Failure Surface Specified By 23 Coordinate Points

Point ¥X-Surf Y-Surf
Ko. (ft) {ft)
1 155.56 861.00
z 196.95 832.96
3 240.54 808.45
4 286.01 787,60
5 333.05 770.72
6 381.34 757.75
7 430.54 748.84
8 480,31 744,06
9 530.31 743,43
i0 580.18 746,95
i1 629.59 754,62
12 678.19 766.37
13 725.65 782.11
14 F11.63 801.75
15 815.82 825.15
18 857.91 852.14
i7 B97.61 882.53
is 934.464 a16.12
19 968.70 952.68
20 999,71 991.94
21 1027.29 1033.65
22 1051.31 1077.50
23 1070.18 1120.00
Circle Center At X = 512.9 ; Y = 1343.9 and Radius, 600.7
*k*k 1.790 * k*k
Failure Surface Specified By 20 Coordinate Points
Point X-Surf Y-8urf
No., (ft) (1)
1 266.67 885.27
2 314.17 865,67
3 362,63 857.36
4 411.82 848.39
5 461.51 842.80
[ 511.46 g40.62
7 561.45 841.86
8 611.23 846.51
9 660.58 B54.56
10 709.26 865.95
11 757.05 880.65
i2 803.73 898.57
13 849.07 919.65
14 892.87 943,77
15 934.91 970.83
16 975.01 1000,70
17 1012.97 1033.24
18 1048.62 1068.30
15 1081.,7¢9 1105.72
20 1092.81 1120.00

Circle Center At X = 518.3 ; Y = 1570.8 and Radius, 730.3
* k& 1_801 ek ok
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# FS|| Sol Soil Total Saturated Cohesion Friction Piez.
a 1.69(| Desc. Type UnitWt. Unit'Wt Intercept Angle Surface
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Safety Factors Are Calculated By The Modified Bishop Method
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*% PCSTABLBM *%*
by
Purdue University
--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop
or Spencer’s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:35AM

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILLBISHOPwSeismic.dat

Output Filename!
Unit: ENGLISE

Plotted Output Filename: F:MATLOCK BEND LANDFILLBISHOPwSeismic. PLT

PROBLEM DESCRIPTICN MATLOCK BEND LANDFILL EXPANSICH
BISHOP CIRCLEw Seismic
BOUNDARY COORDINATES
16 Top Boundaries
2% Total Boundaries

Boundary X-Left Y-Left X-Right ¥~Right
No. (ft) {ft) (ft) (ft)
1 0.00 895.00 30.00 880.00
2 30.00 880.00 50.0¢0 880.00
3 50.00 880.00 95.00 861.00
4 95.00 861.00 220.00 861.00
5 220.00 861.00 295,00 200.400
6 295.00 $00.00 315.00 900.00
7 315.00 800.00 324.00 897.00
8 324.00 897.00 332.¢0 900.00
9 33z.00 900.00 497.00 952.00
10 487.00 952,00 507.00 951,00
11 507.00 951.00 660.00 1001.00
i2 660.00 1001.00 670.00 1000.00
13 670.00 1000.00 832.00 1052.00
14 832.00 1052.00 842.00 1051.00
15 842.00 1051.00 1048,00 1120.00
16 1048.00 1120.00 1094.00 1120.00
17 332.00 800.00 441.00 861.00
18 441,00 861.00 464.00 861.00
12 164.00 861,00 630.00 2916.00
20 630.00 916.00 646,60 916.00
21 646.00 916.00 700.00 901.00
22 700.00 901.00 1094.00 966.00
23 740.00 901.00 1094.00 921.00
24 332.00 899.00 441.00 860.90
25 441.00 860.90 464,00 860,90
26 464.00 860.90 630.00 915.90
27 630.00 915.290 646.00 915.90
28 646.00 915.90 700.00 §829.50
29 700.00 899.90 1094.00 919.90

ISOTROPIC SOIL PARAMETERS
6 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
{psi)

No. {pctf) (pct) {pstf) {deqg) Param.
1 121.0 127.0 0.0 i9.¢ 0.00
2 124,90 127.0 0.0 28.0 0.00
3 70.0 90.0 0.0 33.90 0.00
4 79.0 90.0 0.0 20.0 0.00
5 62.0 62.0 7006.0 5.5 0.00
6 62.0 62.0 1197.90 13.3 0.00
1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Water
No. (ft) (ft)
1 0.00 820.06
2 450.00 850.06
3 1094.00 876.00

A Horizontal Earthquake Loading Coefficient

F:MATLOCK BEND LANDFILLBISHOPwSeismic.OUT

Soil Type
Below Bnd
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0f0.180 Has Been Assigned
A Vertical Earthquake Toading Coefficient
0f0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf)
A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.
10 Surfaces Initiate From Each Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100.00 ft.
and X = 600.00 ft.
Each Surface Terminates Between X = 832.00 ft.

and X =1094.00 ft.
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y =700.00 ft.
50.00 ft. Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.
* * Safety Factors Are Calculated By The Modified Bishop Method * *
Failure Surface Specified By 24 Coordinate Points

Point X-8urf Y-Surf
No. (Et) {ft)
1 100.00 861.00
2 143.63 836.58
3 188.90 815.34
4 235.56 797.37
5 283.38 782.78
& 332.12 771.64
7 381.53 763,99
8 431.37 759.89
9 481.36 759.35
10 531.27 762.38
11 580.84 768.96
12 629.81 779.05
13 677.93 792.61
14 724.97 809.56
15 770.68 829.83
16 814,83 853.30
17 857.19 879.85
18 897.56 809.36
19 935.71 941.68
20 971,47 976.63
21 1004, 64 1014.04
22 1035.07 1053.72
23 1062.58 1095.46
24 1076.35 1120.00
Circle Center At X = 463.8 ; ¥ = 1459.4 and Radius, 700.3
* k& 0.904 * k ok
Individual data on the 46 slices
Water Water Tie Tie Earthguake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Her Ver Load
No. (£t) (1bs) {1lbs) {1bs) {1bs) {1bs) {1bs) {1bs) (1bs)
i 43.6 64454.9 0.0 0.0 G.0 0.0 11601.9 0.0 0.0
13,1 43477.6 0.0 0.0 0.0 0.0 7826.0 0.0 0.0
3 32.2 150083.9 0.0 18099.6 0.0 0.0 27015.1 0.0 0.0
4 31.1 198906.9 0.0 50382.0 0.0 0.0 35803.2 0.0 0.0
5 15.6 124988.2 0.0 36135.8 0.0 0.0 22457.9 0.0 0.0
6 47.8 542676.1 0.0 **Fxdix 0.0 0.0 97681.7 0.0 0.0
7 11.6 166445.9 0.0 42913.6 0.¢ 0.0 29960.3 0.0 0.0
B 20,0 306700.4 0.0 79829.0 0.0 0.0 55206.1 0.0 0.0
9 9.0 140157.0 0.0 38384.7 0.0 0.0 25228.3 0.0 0.0
10 8.0 126572.2 0.0 35402.4 0.0 0.0 22783.0 0.0 0.0
il 0.1 1944.0 0.0 550.6 0.0 0.0 349.9 0.0 0.0
12 49,4 815152.4 0.0 *F**Fxxx .0 0.0 Fhwdkxk 0.0 0.0
i3 49.8 870846.0 0,0 *&xkkiw 0.0 0.0 **rEikdk 0.0 0.0
14- 9,6 172276.6 0.0 53529.9 0.0 0.0 31009.8 0.0 0.0
15 9.0 162170.9 0.0 50412.6 0.0 0.0 29190.8 0.0 0.0
i6 14.0 256098.2 0.0 79155.0 0.0 0.0 46097.7 0.0 0.0
17 17.4 326620.0 0.0 99091.9 0.0 0.0 58791.6 0.0 0.0
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35403.1
87697.1
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70,
63916,
55179.
38542.
30009.
81327.
89344.

*kkkkkk
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49414.
i2073.
15150,
39259,
52590.
1463,
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64080.
4677,
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COO0ODCCOOOOOOOOOOOOooOCOO0ODOOoO OO0
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= 1661.7 and Radius,

Coordinate Polnts

15.6 303503.6 0.0 89725.%
10.0 196684.1 0.0 57244.2
24,3 487205.9 0.0 #xxkiix
49_6 EE R S8 8 0.0 kxkhkhkdhkd
49.0 Fhik kA FENX 0_0 *hEkE Ak *
0.2 4280.8 0.0 979.3
16.0 355089.3 0.0 79603.9
14,0 306553.4 0.0 66413.1
10.0 214125.0 0.0 45586.3
7.9 166718.5 0.0 35073.5
22.1 451819.1 0.0 893297.2
25.0 496359.2 0.0 83253.6
45.7 866155.8 0.0 Fxxdss
44,1 766238.6 0.0 72757.3
17.2 274526.5 0.0 9547.3
4.4 97076.7 0.0 409.8
5.6 84166.8 0.0 0.0
15.2 218105.8 0.0 0.0
40.4 514390.4 0.0 0.0
0.7 8128.1 0.0 0.0
1.4 15751.% 0.0 0.0
33.4 356002.¢6 0.0 0.0
2.6 25984.2 0.0 0.0
35,8 323441.4 ¢.0 0.0
33.2 242873.4 0.0 0.0
30.4 163329%.7 0.0 0.0
12,9 49167.9 G.0 0.0
14.6 36337.7 0.0 0.0
13.8 11825.4 0. 0.0
Failure Surface Specified By 24 Cocordinate Points
Point ¥-Surf Y-Surf
No. (ft} (ft)
1 100.C0 861.00
2 146.91 843.69
3 194.74 829.13
4 243.34 817.36
<] 292.53 808.43
6 342.16 802.35
7 392,06 199.17
8 442,06 798.88
9 491,99 801.48
10 h41.69 806.97
11 590.99 815.33
12 639.71 826.53
13 687.71 840.53
14 734.82 857.29
15 780,88 B76.75
16 825.73 898.84
17 869.23 923.50
18 911.23 950,63
19 8951.59 980.15
20 990,17 1011.85
21 1026.84 1045.94
22 1061.49 1081.99
23 1093.99 1119.99
24 1093.99 1120.00
Circle Center At X = 422.1 Y
* ko 0.909 * %k
Failure Surface Specified By 25
Point X—~8urf Y-Surf
No. (£t) {ft)
1 100.00 861.00
2 140.54 831.73
3 183.30 805.82
4 228.01 783.45
5 274.39 T764.75
& 322.12 749,85
7 370.89 738.85
8 420.40 731.82
g 470,30 728.81

N WNEONOWR WD o ®m®

COoOoC0OoOOoODoCCOOOOOCOC OO CCOOoOo

863.1
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10 520.29 729.82
11 570.04 734.87
12 €19.21 743.91
13 667.50 756.89
14 714.58 773.72
15 760C.1¢e 794.29
16 803,92 818,46
17 845,60 846.09
18 884.91 876.99
19 921.60 910.9¢6
20 955,43 947.77
21 986.18 987.20
22 1013.66 1028.97
23 1037.67 1072,83
214 1058.07 1118.48
25 1058.61 1120.00
Circle Center At X = 482.7 ; Y = 1348.2 and Radius, 619.&
* &k 0.936 * % &
Failure Surface Specified By 21 Coordinate Points
Point X-Surf Y-Surf
No. (ft) {ft)
1 211.11 861.00
2 257.97 843.55
3 305,92 829,39
4 354.74 818.58
5 404,18 811.17
6 454.03 807.19
1 504.02 806.68
8 553,94 809.62
9 603.53 816.01
10 652.56 825,81
11 760.79 838,98
12 748.00 855.45
13 793.96 875.15
14 838.44 897.98
15 881.24 923.84
1le 922,14 952.59
17 960.96 984.10
18 997.51 101i8.22
19 1031,61 1054.79
20 1063.10 1093.63
21 1081.61 1120,00
Circle Center At X = 486.5 ; Y = 1529.0 and Radius, 722.5
* %k 0.945 ok k
Failure Surface Specified By 21 Coordinate Points
Point X-8urf Y—-Surf
No. (£t) (ft)
1 155.56 861.00
2 199.29 836.76
3 244,96 816.42
4 292.23 800.12
5 340.74 787.99
6 390.11 780.12
7 439.99 T16.57
8 489.98 777.37
] 538.72 782.51
10 588.82 791.96
11 636.91 805.63
12 683.63 823.44
13 728.63 845.24
14 771.56 870.86
15 812.11 900.12
i6 849,96 932.80
17 884.82 968,63
18 916.44 1007.37
19 944.57 1048.70
20 969.01 1092.33
21 969,65 1093.76

Circle Center At X = 455.8 ; Y = 1351.1 and Radius, 574.8
* k% 0_947 * Kk
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Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ft) (£t)
1 155.56 861.00
2 196.95 832.96
3 240.54 808.45
4 286.01 787.66
5 333.05 710072
6 381.34 757.75
7 430.54 748.84
8 480.31 744.06
9 530.31 T43.43
10 580.18 746,95
11 629.59 154,62
12 678,19 T66.37
13 725,65 782.11
14 771.63 801.75
15 815.82 825.15
16 857.91 852.14
17 897.61 882.53
18 934,64 916.12
18 2968.76 8952.68
20 999.71 991.94
21 1027.29 1033.65
22 .1051.31 1077.50
23 1070.18 1120.00
Circle Center At X = 512.9 ; Y = 1343.9 and Radius, 600.7
&k ® 0.949 * k%
Failure Surface Specified By 19 Coordinate Points
Point X-Surf Y-Surf
No. (£t} (£1)
1 100.00 861.00
2 144,32 §37.86
3 190.55 818.80
4 238.31 804.00
5 287.20 793.55
6 336.84 187.56
7 386.82 786.06
8 436.73 189.07
9 486.16 796.57
10 534.72 808.50
11 582.00 824,75
12 627,63 845.20
13 671.23 869.68
14 712 .44 897.99
15 750,94 929.90
16 786.40 965.14
17 818.54 1003.44
18 847,10 1044.49
i9 852.89 1054.65
Circle Center At X = 378.4 ; Y = 1340.2 and Radius, 554.2
* kK 0.951 &Rk
Failure Surface Specified By 25 Coordinate Points
Point X-surf ¥Y-Surf
No. (ft) (£t}
1 10¢.00 861.00
138.83 829.49
3 180.13 801.31
4 223.62 776,64
5 269.00 755.65
6 315.96 738.49
ki 364.18 725.28
8 413.33 716.10
9 463.07 711.02
14 513.0¢ 710.07
11 562.96 713.26
12 612.43 720.57
13 661.11 731.95
14 708.69 747,31

15 754,84 766.57



25

Circle Center At X =

* kX

Point

Circle Center At X =

L

Point

No.

799,23 789.57
841,57 816.17
§81.56 846.18
918.94 879.39
953.43 915.59
984,81 954.51
1012.87 995.90
1037.40 1039.47
1058.24 1084.92
1070.94 1120.00
499.5 ; ¥
0.957 FhE

Failure Suxface Specified By 18
X-Surf Y-5urf

(ft) {ft)
155.56 861.00
199.65 837.43
245,173 818.01
293.39 802.20
342,24 792.23
391.86 786.09
441.84 784.52
491.74 787.55
541.16 795.15
589.68 807.25
636.87 823.75
682.36 844.52
725.75 869.37
766.67 8%8.10
804.78 930.46
839.77 966.18
871,32 1004.87
899.19 1046.48
914,98 1075.45
433.8 ; Y

0.959 FhH

Failure Surface Specified By 21
X—-8urf Y-Surf

(£t) (ft)
100.00 861.00
147.79 846.30
196.39 834.55
245.62 825.81
295.29 820.10
345.22 817.45
395.22 817.87
445.10 821.35
494.67 827.88
543.75 B837.4¢
592.15 850.00
639.69 865.49
686.18 883.87
731.47 205.07
7'15.37 929.01
817.71 955.59
858.35 984.72
897.13 1016.2%
933.89 1050.18
968.51 1086.25
976.95 1096.20
363.4 ; Y

Circle Center At X =

* %%k

0.961

* &t

F:MATLOCK BEND LANDFILLBISHOPwSeismic.OUT

= 1313.7 and Radius,

Coordinate Points

= 1328.7 and Radius,

Coordinate Points

= 1632.2 and Radius,

603.7

544.2

815.0

Page 6
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1400

T T T T ] T T T T
# FS| 5ol Sol Total Saturated Cohesion Friction Piaz. Load Value
a 0.90|[ Desc. Type Unit'wt. Unit WL Intercept Angle Surface|| HorizEqk 0.180 g<
b 0.91 No. (pcf) (pch)  (psh)  (deg) Mo.
cos4fl 1 4 1210 1270 00 190 Wi »
1200 H €985 2 2 1260 1270 00 280 W1 : =t
e 085 3 3 700 900 00 330 W
ressff 5 4 738 900 0.0 200 W1
g M.WM S S 620 620 7000 S5 WA
= 6 6 620 620 1570 133
i 0.96
1000 =~ . C.i =
%
s00" —
e e o e O e e e e e e e e i i
600 — —
400 —
200 —
Q ! 1 1 1 1 1 1 1 1
0 200 400 600 © 800 1000 1200 1400 1600 1300 2000

PCSTABL5M/si FSmin=0.90
Safety Factors Are Calculated By The Modified Bishop Method
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*% PCSTABLBM #**
by
Purdue University
--Slope Stability Analysis—-
Simplified Janbu, Simplified Bishecp
or Spencer’s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:39AM

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILLBISHOPWYIELDl4g.dat
Output Filename: F:MATLOCK BEND LANDFILLBISHOPwYIELDl4g.OUT
Unit: ENGLISH

Pletted Qutput Filename: F:MATLOCK BEND LANDFILIBISHOPwYIELD14g. PLT

PROBLEM DESCRIPTICN MATLOCK BEND LANDEFILL EXPANSION
BISHOP CIRCLEw Yield Acc
BOUNDARY COORDINATES
16 Top Beundaries
29 Total Boundaries

Boundary X-Left Y-Left ¥~Right Y-Right S0il Type
No. (ft) (ft) (ft) {(ft} Below Bnd
1 G.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50,00 880.00 95.00 861.00 1
4 95.00 861,00 220.00 861.00 1
5 220.00 861.00 295,00 9G0.00 1
[ 295.00 800.00 315.00 200.00 2
i 315.00 900.00 324.00 897.00 2
8 324.00 897.00 332.00 200.00 2
9 332,00 900,00 497.00 852,00 3
10 497.00 952.00 507.00 ° 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 66C.00 1001.090 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832,00 1052.00 842.00 1051.00 3
15 842.00 1051.00 1048.00 1129.00 3
16 1048.00 1120.00 1094.00 1120.00 3
17 332.00 200.00 441,00 861.00 5
18 441,00 861.00 464.00 861.00 6
19 464.00 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1094.00 966.00 4
23 700,00 90%.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441,00 860.390 464.00 860.90 1
26 464,00 860.90 630.00 915.90 1
27 630.00 915.90 646.00 915.90 1
28 646,00 215.90 700.00 899.90 1
29 700.00 899,90 1094.00 919.90 1

ISOTROPIC SOIL PARAMETERS
6 Typel(s) of Seoil
Soil fTotal Saturated Cohesion Friction Pore Pressure

Type Unit Wt. Unit Wt. Intercept Bngle Pressure Constant Surface
No.

No. {pct) {pcf) (pstf) {deqg) Param. {psf)
1 121.0 127.0 0.0 19.0 0.0C 0.0
z 124.0 127.0 0.0 28.0 0.00 0.0
3 70.0 90.0 0.0 33.0 ¢.00 0.0
4 79.0 20.0 0.0 20.0 0.00 0.0
5 62.0 62.0 700.0 5.5 0.00 0.0
6 62.0 62.0 1197.0 13.3 0,00 0.0
1 PIEZOMETRIC SURFACE({S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Water Y-Water
No. (ft) {ft)
1 0.00 820.00
pA 450,00 850.00C
3 1094.00 878.00

A Horizontal Earthquake Loading Coefficient
©f0.140 Has Been Assigned

Piez.

I

Page 1
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A Vertical Earthquake Loading Coefficient
©f0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf)
A Critical Failure Surface Searching Method, Using A Random
Technigue For Generating Circular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.
10 Surfaces Initiate From Each Of 10 Points Egually Spaced
Along The Ground Surface Between X 100.00 ft.
and X 600.00 ft.
Fach Surface Terminates Between ¥ = 832.00 ft.
and ¥ =1094.00 ft.
Unleas Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y =700.00 ft.
50.00 ft. Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Mest Critical Of The Trial
Failure Surfaces Examined. They Are Ordered — Most Critical
First.
* * Gafety Factors Are Calculated By The Modified Bishop Method * *
Failure Surface Specified By 24 Coordinate Points

(]

Point ¥~Surf Y-Surf
No. (ft) (ft)

1 100.00 - 861.00

2 143,63 836,58

3 188.90 815.34

4 235.56 797.37

5 283.38 782.78

6 .332.12 T71.64

7 381.53 © 763,99

B 431.37 759.89

9 481,36 759.35

10 531.27 762,38

i1 580.84 768.96

12 629.81 779.05

13 677.93 792.01

14 724.97 809.56

15 770.68 §29.83

1lé 814.83 853.30

17 857.19 879,85

18 897.56 909.36

19 935.71 941.68

20 971.47 976.863

21 1004.64 1014.04

22 1035.07 1053.72

23 1062.58 1095.46

24 1076.35 1120.00

Circle Center At X = 463.8 ; ¥ = 1459.4 and Radius, 700.3
* ok ok 1‘013 * ok k
Individual data on the 46 slices
Water Water Tie Tie Earthquake
Force Force Foxce Force Force Surcharge
Slice Width  Weight Top Bot Noxrm Tan Hor Ver Load

No. (ft) {1bs) {1bs {1bs) (1bs) (1bs} {1bs) {1bs) (1lbs)
1 43.6 64454.9 0.0 0.0 0.0 0.0 3023.7 0.0 0.0
2 13.1 43477.6 .0 0.0 0.0 0.0 6086.9 0.0 0.0
3 32.2 150083.9 0.0 19099.6 0.0 0.0 21011.7 0.0 G.0
4 31.1 198906.9 0.0 50382.0 0.0 0.0 27847.¢ 0.0 0.0
5 15.6 124988.2 0.0 36135.8 0.0 0.0 17498.3 0.0 0.0
3 47.8 542676.1 Q.0 **Fxxss 0.0 0.0 75974.7 0.0 0.0
7 11.6 166445.9 0.0 42513.6 0.0 0.0 23302.4 0.0 0.0
8 20¢.0 306760.4 0.0 79829%.0 ¢.0 0.0 42938.1 0.0 0.0
9 9.0 140157.0 0.0 38384.7 ¢.0 0.0 19622.0 0.0 0.0
10 8.0 126572.2 0.0 35402.4 0.0 0.0 17720.1 0.0 0.0
11 0.1 1944.0 0.0 550.¢6 0.0 0.0 272.2 0.0 0.0
12 49.4 815152.4 (.0 FrFxFEx 0.0 0.0 FxFkdhEx 0.0 0.0
13 49,8 870846.0 0.0 **xxEkxk 0.0 0.0 FhFFFEk 0.0 0.0
14 9.6 172276.6 0.0 53529.9 0.0 0.0 24118.7 0.0 0.0
15 9.0 162170.9 0.0 50412.6 0.0 0.0 22703.9 0.0 0.0
ie 14.0 256098.2 0.0 79155.0 0.0 0.0 35853.8 0.0 0.0
17 17.4 326620.0 0.0 99091.9 0.0 0.0 45726.8 0.0 0.0
18 15.6 303503.¢ 0.0 89725.9 0.0 0.0 42490.5 0.0 0.0
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OO0 oCCOCOOCoOOOOOODODOOOoOoCOOQ
COoO0OCOoOOoOLODOOoOCDCOOLCODOoCOO OO0
o000 O0ODOoCOoOOLOOOoOC OO0 OOOoOC
OCDéJO(DCJOCDCJOCDCDO(DC)O(DC)O(DC)GCQCDO(DC)O

= 1661.7

Coordinate Points

10.0 196684.1 0.0 57244.2
24.3 487205.9 0.0 ***xd&dx
49_6 *hkkkkhkkk 0‘0 *kohkkkE
49_0 dkkkwokE ok 0.0 *AhKEKE K
0.2 4280.8 0.0 979.3
16.0 355089.3 0.0 79603.%
14.0 306553.4 0.0 66413.1
10.0 214125.0 0.0 45586.3
7.9 166718.5 0.0 35073.5
22.1 451819.1 0.0 93297.2
25,0 496359.2 0.0 93253.6
45,7 B66155.8 0.0 FFxwhdk
44.1 766238.6 0.0 72757.3
17.2 274526.5 0.0 9547.3
4.4 67076.7 0.0 409.8
5.6 B4166.8 - 0.0 G.0
15.2 218105.8 0.0 0.0
40.4 5143%90.4 0.0 0.0
0.7 §128.1 0.0 0.0
i.4 15751.6 0.0 0.0C
33.4 358002.86 0.0 0.¢
2.6 259B4.2 0.0 0.0
35.8 323441.4 G.0 0.0
33.2 242873.4 0.0 0.0
30.4 1863329.7 0.0 0.0
12.9 49167.9 - 0.0 0.0
14.6 36337.7 0.0 0.0
13.8 11825.4 0.0 0.0
Failure Surface Specified By 24 Coordinate Points
Point X-8urf Y-Surf
No. (£t) {(ft)
1 100.00 861.00
2 146.91 843.69
3 194.74 §29.13
4 243.34 817.36
5 292,53 808.43
6 342.16 802.35
7 392.06 759.17
8 442.06 798.88
9 491.99 801.48
10 541.69 806.97
11 590.99 815.33
12 639.71 826.53
13 687.71 840.53
14 734.82 657.29
15 780.88 876.75
16 825,73 898.84
17 869.23 923.50
18 911.23 95G.63
19 951.59 980.15
20 8980.17 1011.95
21 1026.84 1045.9%4
22 1061,49 1081.99
23 1093.99 1119.99
24 1093.99 1120,00
Circle Center At X = 422.1 Y
* kR 1'017 * ko
Failure Surface Specified By 25
Point Z-Surf Y-Surf
No. (ft) (ft)
i 100.00 861.00
2 i4G.54 831.73
3 183.30 805.82
4 228.01 783.45
5 274,39 T64.75
6 322.12 749.85
7 370.89 738.85
8 420,40 731.82
9 470.30 728.81
10 520.29 729.82

27535,
68208.

*okd R KRR
Kok A Rk ok ok

599.
49712,
42917.
29977.
2334¢.
63254.
69420,

*x kA kKR

8
8

W= uoaw

*F ok kkk K

38433,
93%0.7
11783,
30534.
72014,
1137,
2205.
49840,
3637.
45281.
34002,
22866.
6883.
5087,
1655.

1

WO NWXoENMNO @ W

and Radius,

OCO0OO0COOooOOLUOOo OO0

863.1

OO0 OO C OO0 OOoOo oo

COoO0O0COoOoOO0O0ODCCOOOOoOOO OO OoOOC0O
[e¥eolololeRoNeleRaleloel el ool No Rale ool oo ojie]
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11 570.04 734.87
12 619.21 743,91
13 667.50 156.89
14 714.58 T13.72
15 760.16 794,29
16 803.92 818.46
17 845.60 846.09
18 884.91 876.99
19 921.60 910.96
290 955.43 947,777
21 986.18 987,20
22 1013.66 1028.87
23 1037.67 1072.83
24 1058.07 1118.48
25 1058.61 1120.00
Circle Center At X = 482.7 ; Y
H ¥k 1_049 * KA
Failure Surface Specified By 21
Point X-Surf ¥Y-Surf
No. (ft) (£t)
1 211.11 861.00
2 257,97 843.55
3 305.92 829.39
4 354.74 818.58
5 404,19 811,17
[ 454,03 807.19
7 504.02 806.68
8 553.94 809.62
S 603.53 816.01
10 652.56 825,81
11 700.79 838.98
12 748.00 855,45
13 793.96 875.15
14 838.44 897.98
15 881.24 923.84
16 922,14 952.59
17 960.96 284.10
18 997.51 1018.22
19 1031.61 10654.7%
20 1063.10 1493.63
21 1081.61 1120.00
Circle Center AL X = 488.5 ; Y
* K x j"056 *okk
Failure Surface Specified By 21
Point X-Surf Y-Surf
No. (£t} (£1)
1 155.56 861.00
2 199,29 836.76
3 244,96 8l6.42
4 292.23 800,12
5 340.74 787.99
6 390.11 780.12
7 439,99 776.57
8 489,98 777,37
9 539.72 782.51
10 588.82 791,96
11 636.91 805.63
12 683.63 823.44
13 728.63 845,24
14 771.56 870.80
15 812.11 a00.12
i6 849.9¢6 932.80
17 884.82 968.63
18 916.44 1007.37
19 944,57 1048.70
20 969,01 1092.33
21 969.65 1093.76
Circle Center At X = 455.8 ; Y

* %%

1.061

F:MATLOCK BEND LANDFILLBISHOPwYIELDl4g.OUT

- 1348.2 and Radius, 619.6

Coordinate Points

= 1529.0 and Radius, 722.5

Coordinate Points

— 1351.1 and Radius, 574.8

Failure Surface Specified By 23 Ccordinate Points

Page 4
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Circle Center At X

*hk

Point
No. -

Circle Center At X

* kK

Point
No.

s
= OWER ~I o R N

X-8urf Y-Suxf
(ft) (ft)
155.56 861,00
196.95 832.96
240,54 808.45
286.01 787.66
333.05 770.72
381.34 757.75
430.54 748.84
480.31 744.06
530.31 743.43
580.18 746.95
629.59 754.62
678.19 766.37
725,65 782.11
771.63 801.75
815.82 825,15
857.91 852,14
897.61 882.53
934.64 916.12
268.76 952.68
999,71 981.94
1027.29 1033.65
1051.31 1077.50
1070.18 1120.00

= 512.9 ; ¥
1.062 hkk

Failure Surface Specified By 19
X-Surf Y-Surf

{(ft) {ft)
100.00 861.0C0
144.32 837.86
190.55 8ig.80
238.31 804.00
287.20 793.55
336.84 787.56
©386.82 786.06
436.73 789.07
486.16 796.57
534.72 808.50
582.00 824.75
627.63 §45.20
671,23 869.68
712,44 897.99
750.94 929.90
786.40 965.14
818.54 1003.44
847.10 1044.49
852.89 1054.65
= 378.4 ; ¥

1.067 * Rk

Failure Surface Specified By 25
X-Surf ¥-Surf

(ft) (ft)
100.00 861.00
138.83 829.49
180.13 801.31
223.62 776,64
269.00 755.65
315.9%6 738.49
364.18 725,28
413,33 716.10
463.07 711,02
513.06 710.07
562.96 713.26
612,43 720.57
661.11 731.85
708.69 747.31
754.84 766,57
795.23 789.57

F:MATLOCK BEND LANDFILLBISHOPwYIELD14g.OUT Page 5

= 1343,9. and Radius, 600.7

Coordinate Points - - -

- 1340.2  and Radius, 554.2

Coordinate Points
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17 #41.57 816.17
18 881.56 846.18
19 918.94 879.39
20 353.43 915.59
21 a84.81 954.51
22 1012.87 295.90
23 1037.40 1039.47
24 1058.24 1084.,92
25 1070.94 1120.00
Circle Center At X = 499.5% ; Y = 1313.7 and Radius, 603.7
ek x 1.073 *w ok
Failure Surface Specified By 1% Coordinate Points
Point X-8urf ¥-Surf ‘
No. (ft) (L)
i 155.56 861.00
2 159,65 837.43
3 245,73 818.01
4 293.39 802.920
5 342.24 792,23
6 391.86 786.09
7 441.84 784.52
8 491.74 787.55
9 541.16 795.15
i0 589%.68 807.25
il 636.87 823.75
12 682.36 844.52
13 T25.75 869,37
14. . - 766.867 888.10
15 804.78 930.46
16 839.71 966.18
17 871,32 1004.97
18 899.19 104¢6.48
15 914.98 1075, 45
Circle Center At X = 433.8 ; Y = 1328.7 and Radius, 544.2
* % % 1_0']4 * Kk
Failure Surface Specified By 21 Coordinate Points
Point X-gurf Y-Surf
No. (ft) (ft)
1 211.11 861.00
2 259,27 847,54
3 308.16 837.09
4 357.61 829,69
5 407.42 825,37
6 457.41 824.14
7 507.37 826.00
8 557.13 830.96
9 606.48 838.99
10 655.24 850.06
11 703.22 864.13
12 750.23 881.15
13 796.10 901.04
14 840,66 923.74
15 883.72 949.15
16 925.12 977.18
17 964.71 1007.72
18 1002.33 1040.66
19 1037.84 1075.86
20 1071.10 1113.19
21 1076.45 1120.00

Circle Center At X = 452.3 ; Y = 1631.0 and Radius, 806.9
* Kk k 1.074 E 4
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1 <olid wraste 200811 solidwastelactive projects\matiock bend landfifinal submittahglobal stabilty reportiappendix b stabiity and deformation resultsistabl outputicircular analysis section cifinal analysis\matiock bend landfillbishopwyleld14g.pl2 Run By: Jo K House 211202014 0239,

AhO—u T T T T T T I T T
# FS Soll Sol Total Saturated Cohesion Friction Plez. Load Value
a2 1.01|| Desc. Type UnitWt Unit'Wt Intercept Angle Surface|| HorizEqk 0.140g<
b 1.02 No. f{pef) (pcf)  f(psh  (deg) Mo.
¢ 108 1 1 1210 1270 00 190 Wi a
1200 H ¢ 188 2 2 1240 1270 0O 280 W1 , —
1.06
el 3 3 700 %00 00 330 W1
T10B( 4 4 790 90.0 00 200 Wi
s ‘"wm 5 5 620 620 7008 55 Wi
[ 4] L & 6 620 620 1970
07
1000 H . .7 —

800 u .......
Min. Surface Elgvation 700

200

0 1 ) 1 I 1 1 ! 1 !
0 200 400 600 800 1000 1200 1400 1600 1800 2000

PCSTABLSM/si FSmin=1.01
Safety Factors Are Calculated By The Modified Bishop Method
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450.00 850.00
3 1094.00 878.00
A Critical Failure Surface Searching Method,

Using A Random

Technique For Generating Circular Surfaces, Has Been Specified.

100 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 10 Peints
Along The Ground Surface Between X = 100.00
and X = 600.00

Each Surface Terminates Between % = 832.00
and X =1094.00

Unless Further Limitations Were Imposed, The
At Which A Surface Extends Is Y =700.00 ft.

fgqually Spaced
ft.

ft.

ft.

ft.

Minimum Elevation

50.00 ft. Line Segments Define Fach Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial

Failure Surfaces FExamined.
First.

They Are Ordered - Most Critical

* * gafety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 24 Coordinate Points

Point ¥-Surf Y-Surf
No. (ft) {ft)
1 100.00 861.00
2 143.63 836.58
3 188.80 815.34
4 235.56 797.37
5 283.328 782.78
3 332.12 771.64
7 381.53 763.99
8 431,37 759.89
9 481.36 759,35
10 b31.27 762,38
il 580.84 768.96
12 629.81 779.05
13 677.93 792.61
14 724.97 809.56
15 770.68 829.83
16 814.83 853.30
17 857.19 879.85
18 - 897.56 209.36
19 935.71 941,68
20 971.47 976.63
21 1004.64 1014.04
22 1035.07 1053.,72
23 1062.58 1095.46
24 1076.35 1120.00
kKK 1.536 kK
Individual data on the 46 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
ce Width Weight Top Bot Norm Tan Hor Ver Toad
{ft) {(1bs) (1bs) (1bs) {lbs) (1bs) {1bs) {lbs) {1bs)
43.6 64454.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13,1 43477.¢6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32.2 150083.9 0.0 19099.6 0.0 0.0 0.0 0.0 0.0
31.1 198906.9 0.0 50382.0 6.0 0.0 0.0 0.0 0.0
15.6 124988.2 0.0 36135.8 0.0 0.0 0.0 0.0 0.0
47.8 542¢6176.1 0.0 **xxsk& 0.0 0.0 0.0 0.0 0.0
11.6 166445.9 0.0 42913.6 0.0 0.0 6.0 0.0 G.0
20,0 306700.4 0.0 79829.0 0.0 0.0 0.0 0.0 0.0
9.0 140157.0 0.0 38384.7 0.0 0.0 0.0 0.0 0.0
8.0 126572.2 G.0 35402.4 0.0 0.0 0.0 0.0 0.0
0.1 1944.0 0.0 550.6 0.0 0.0 0.0 0.0 0.0
49.4 B15152.4 Q.0 **xkFxk 0.0 0.0 2.0 0.0 0.0
49.8 B70846.0 Q.0 #Hxkxdx 0.0 0.0 0.0 0.0 0.0
9.6 172276.6 0.0 53525.9 0.0 0.0 0.0 0.0 0.0
9.0 162170.9 0.0 50412.6 0.0 0.0 0.0 0.0 0.0
14.0 256098.2 0.0 79155.0 0.0 0.0 0.0 0.0 0.0



17
18
19
20

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
31
38

49

4l
42

43

44

45

46

FA01 SOLID WASTE 2008\ SOLIDWASTEVCTIVE PROJECTSWWATLOCK BEND LANDFILLAFINAL SUBMITT AL\Global Stability

Reperl\Appendix B Stability and Deformation Results\STABL QUTPUT\BLOCK-WEDGE ANALYSIS SECT C\-NEWFILE.out

0.0
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Coordinate Points

17.4 326620.0 0.0 89091.9
15.6 3035D03.6 0.0 89725.9
10.0 196684.1 0.0 57244.2
24.3 487205.9 Q.0 *xxk&F*
49_6 EE R 0_0 EE 2R
49.0 *hkAkAk ki {).0 EEE A
0.2 4280.8 0.0 979.3
16.0 355089.3 0.0 79603.9
14.0 306553.4 0.0 66413.1
10.0 214125.0 0.0 45586.3
7.9 166718.5 0.0 35073.5
22.1 451819.1 0.0 93297.2
25.0 496359.2 0.0 93253.6
45.7 B866155.8 0.0 wxx&kx
44,1 766238.6 0.0 72757.3
17.2 274526.5 0.0 9547.3
4.4 67076.7 0.0 409.8
5.6 84166.8 0.0 0.0
15.2 218105.8 0.0 0.0
40.4 514390.4 0.0 0.0
0.7 8128.1 0.0 0.0
1.4 15751.6 0.0 0.0
33.4 356002.6 0.0 0.0
2.6 25984.2 0.0 0.0
35.8 323441.4 0.0 0.0
33.2 242873.4 0.0 0.0
30.4 163329.7 0.0 0.0
12.9 49167.9 0.0 0.0
14.6 36337.7 0.0 0.0
13.8 11825.4 0. 0.0
Failure Surface Specified By 25 Ccordinate Points
Peoint X-Surf Y-Surf
No. (£t) (ft)
1 100.00 861.00
2 140.54 831.73
3 183.30 805.82
4 228.01 783.45
5 274.39 164.75
6 322,12 749.85
7 370.89 738.85
8 420.40 731.82
9 470.30 728.81
i0 520.29 729.82
11 570.04 734.87
12 619.21 743.91
13 667.50 756.89
14 714.58 713.72
15 760.16 794.29
16 803.92 818.46
17 845.60 846.09
18 884.91 876,939
19 921,60 910.96
20 955.43 947.77
21 986.18 987.20
22 1013.66 1028.97
23 1037.67 1072.83
24 1058.07 1118.48
25 1058.61 1120.00
* %k 1.544 * %k
Failure Surface Specified By 23
Point X-8urf ¥-Surf
No. (ft) (ft)
1 155.56 861.00
2 196.95 832.926
3 240.54 808.45
4 286.01 187.66
5 333.05 770,72

0.0
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381.34 157,715
7 430.54 748.84
B8 480.31 744.06
9 530.31 743.43
10 580.18 746.95
11 629.59 754,62
12 678.19 766.37
13 725.65 782.11
14 771.63 801.75
15 g15.82 825,15
i6 857.91 852.14 -
17 897.61 882.53
18 934.64 916.12
19 268.76 952.68
20 999.71 991.94
21 1027.29 1033.65
22 1051.32 1077.50
23 1070.18 112G.00
* Xk 1‘546 Rk
Failure Surface Specified By 25 Coordinate Points
Point X-Surf Y-Surf ‘
No. {ft) {ft)
1 100.00 861.00
2 138.83 829.49
3 180.13 801.31
4 223.62 776.64
5 269.00 755.65
6 315.96 738.49
7 364.18 725.28
8 413.33 716.10
9 463.07 711.02
10 513,086 710.07
11 562.96 713.26
iz 612,43 720.57
S13 661.11 731.95
i4 708.69 747.31
15 754.84 166,57
16 799.23 789,57
17 841.57 816.17
18 881.56 846.18
19 918.94 879.39
20 853,43 915.58
21 984.81 954,51
22 1012.87 995,90
23 1037.40 1039.47
24 1058.24 1084.92
25 1070.94 1120.00
#hk 1_553 * %Kk
_Failure Surface Specified By 21 Coordinate Points
Point ¥X-Surf Y-Surf
No. (ft) (L)
1 155.56 861.00
2 199.29 836.76
3 244.96 816.42
4 292.23 800.12
5 340,74 787.99
6 3920.11 780.12
7 439,99 776.57
8 489.98 177.37
9 539.72 782.51
10 588,82 791.96
11 636.91 B05.63
12 683.63 823.44
13 728.63 845.24
14 771.56 870.86
15 812.1% 900.12

16 849.96 932.80



- Report\Appendiz B St
17 884.82 968,63
18 916.44 1007.37
19 944,57 1048.70
20 969.01 1092.33
21 969.65 1093.76
* K%k 1‘585 &k ok
Failure Surface Specified By 20
Point X-Surf ¥Y-Surt
No. (ft) (ft)
1 322,22 897.59
2 364.23 870.47
3 408.73 847.68
4 455,29 829.45
5 503.43 815.95
3 552,68 807.33
ki 602.55 803.67
B 652.53 805.00
9 702.13 811.32
10 750.85 §22.56
11 788.21 838.60
i2 843.72 859.30
i3 886,95 884,43
14 927.44 913.76
15 964.81 946.98
16 298.68 983.76
17 1028.70 1023.74
18 1054.58 1066.52
19 1076.07 1111.67
20 1079.05 1120.00
* KKk 1-585 * kK
Failure Surface Specified By 24
Point X-Surf Y-Surf
No. (ft) (ft)
1 100,00 861.00
2 146,91 843.69
3 194,74 829.13
4 243.34 817.36
5 292.53 808.43
6 342.16 802,35
7 382.06 799.17
B8 442,06 798.88
9 491,99 801.48
10 541.69 806.97
11 550.99 815.33
12 639.71 826.53
13 687.71 840.53
14 734,82 B57.29
15 780.88 876.75
i6 825.73 898.84
17 869.23 923.50
18 911.23 950.63
i9 951.59 980.15
20 99G.17 1011.95
21 1026.84 1045.94
22 1061.49 1081.99
23 1093.99 1119.99
24 1093.99 1120.00
* ok x 1_586 * k&
Failure Surface Specified By 19
Point X-Surf Y-Surf
No. (ft) (ft)
1 322.22 897.59
2 367.34 876.03
3 414,17 858.53
4 462,36 845.20
5 511.54 836.17
6 561.32 831.49

% F\B1 SOLID WASTE 20081 SOLIDWASTEAACTIVE:PROJECTSWIATLOCK BEND LANDFILLAFINAL SUBMITTAL\Global Stability i =
ability and Deformation Resuls\STABL OUTPLUINBLOCK-WEDGE ANALYSIS SECT C\-NEWFILE.out Page 5% .«

Coordinate Pcints

Coordinate Points

Coordinate Points
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611.32 831.22
8 661.15 835.33
9 710.43 843.82
10 758.76 856. 60
11 805.79 873.58
12 851.14 894 .64
13 B64.47 919.60
14 935,43 948.27
15 973.71 980.43
16 1009.02 1015.84
17 1041.07 1054.21
18 1069.63 1095.25
19 1083.80 1120.00
* k ok 1_589 * k%
Failure Surface Specified By 21
Point Z~-Surf Y-Surf
No. (ft) (£ft)
1 211,11 861.00
2 257.97 843,55
3 305.92 829.39
4 354.74 818.58
5 404.19 811.17
6 454 .03 807.19
7 504.02 806.68
8 553.94 80%.62
9 603.53 816.01
10 652.56 825.81
11 700.79 838.98
12 748.00 855.45
i3 793.96 875.15
14 838.44 897.5%8
15 881.24 923.84 .
16 922.14 952.59
17 960.96 984.10
18 997.51 1018.22
19 1031.61 1054.79
20 1063.10 1093.63
21 1081.61 1120.00
xRk 1_599 "ok &k
Failure Surface Specified By 24
Point X-Surf Y¥-Surf
No. (ft) (ft)
1 155.56 §61.00
2 191.98 826.75
3 231.48 796.09
4 273.70 769.31
5 318,27 746, 64
6 364,77 728.28
7 412.81 714.40
8 461.94 705,13
g 511.73 700,55
10 561.73 700.70
11 611.49 705,57
12 660.57 715.13
13 708.53 729.28
14 754,93 147,91
15 789.36 770,84
16 §41.42 797.87
17 B8O.74 828.76
18 916. 97 863.22
19 949.77 900. 96
20 978.85 941.63
21 1003.96 984.87
22 1024 .87 1030.29
23 1041.39 1077.48
24 1051..89 1120.00

* &k

1.600

kK

Coordinate Points

Coordinate Points

Page 6
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F:MATLOCK BEND LANDFILL basic modle w circlel.OUT

*% PCSTABLEM *¥

by

Purdue University

--8lope Stability Bnalysis--—
Simplified Janbu, Simplified Bishop

or Spencer's Metheod of Slices
2/13/2014
08:05AM
Jo K Heuse
F:MATLOCK BEND LANDFILL basic modle w circlel.dat
F:MATLOCK BEND LANDFILL basic modle w circlel.OUT
ENGLI1ISH

Run Date:

Time of Rumn!

Run By:

Input Data Filename:
Output Filename:
Unit:

Plotted Output Filename:

PROBLEM DESCRIPTION

BOUNDARY COORDINATES

16 Top Boundaril
29 Total Boundari
Boundary X-Left
No (ft)
i 0.00
2 30.00
3 50.00
4 95.00
5 220.00
6 295.00
7 315.00
8 324.00
9 332.00
10 497.00
11 507.00
12 660,00
13 670.00
14 832.00
is 842.00
16 1048.00
17 332.00
18 441..00
19 464.00
20 630.00
21 646.00
22 700.00
23 700,00
24 332.00
25 441.00
26 464.00
27 630.00
28 646.00
29 700,00

ISOTROPIC SOIL PARAME
6 Type(s) of Soil

F:MATLOCK BEND LANDFILL basic modle w circlel.PLT

MATLOCK BEND LANDFILL EXPANSICH
JANBU SEISMIC

es
es
Y-Left
{ft)
895.00
880.00
880.00
861.00
861.00
800.00
800.00
897.00
900.00
952,00
951.00
1001.00
1000.00
1052,00
1051.00
1120.00
200.00
861.00
861.00
916,00
916.00
901.00
901.00
899,00
860,90
860.90
915.90
915.90
892.90
TERS

¥X~Right Y-Right Soil Type

(ft) (£t) Below Bnd
30.00 880.00
50.00 880G.00
95.00 861.00
220.00 861,00
295.00 900.0C0
315,00 200,00
324.00 897.00
332.00 300.00
497,400 552,00
507.00 951.00

€60.00 1001.00
670.00 1000.00

R R RERERELOOOI AR WWWLDWNNN PP

832.00 1052.00
842.00 1051.00
1048.00 1120.00
1094.00 1120.00
441.00 861.060
464.00 861.00
630.00 916.00
646.00 916.00
700,00 901.00
1094.00 966.00
1094.00 921.00
441.00 860.90
464.00 860.90
630.00 915.90¢
646.00 915.90
700.00 895,90
1694.00 919.90

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pecf) (pct)
1 121.0 127.0
2 124.0 127.0
3 70.0 90.0
4 79.0 20.0
5 62.0 62.0
6 62.0 62.0

1 PIRZOMETRIC SURFACE (S)

Unit Weight of Water

Piezometric Surface No.

Point X-Water
No. (ft)
1 0.00
2 450.00
3 1094.00

(psf}
0.0

[N Nel
oo

700.
1187.0

= 62.40

(deq) Param, {psf) No.
19.0 0.00 c.0 1
28.0 4,00 0.0 1
33.0 .00 0.0 1
20.0 0.00 0.0 1
5.5 0.00 0.0 1
13.3 0.00 0.0 1

HAVE BEEN SPECIFIED

1 Specified by 3 Coordinate Points

Y-Water
(ft)
820.00
850.00
878.00
& Horizontal Earthguake Leading Coefficient

Page 1



F:MATLOCK BEND LAWDFILL basic modle w circlel.OQUT

0f0.180 Has Been Assigned
A Vertical Earthguake Loading Coefficient
0Of0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf)
A Critical Failure Surface Searching Methed, Using A Random
Technigue For Generating Circular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.
10 Surfaces Initiate From Fach Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100.00 ft.
and X = 600.00 ft.
BEach Surface Terminates Beltween X = 832.00 ft.

and ¥ =1094.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which B Surface Extends Is Y =700.00 ft.

50.00 ft. Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial

Slice
No.

Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* % Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 25 Coordinate Points

Point X-Surf Y-Surf
No. {£t) {(ft)

1 106.0¢ 861.60

2 140.54 831.73

3 183.30 805.82

4 228,01 783.45

5 274.39 764.75

6 322,12 749.85

7 370.89 738.85

8 420.40 731.82

9 470.30 728.81

10 520.29 729,82

11 570.04 734.87

12 619.21 743.91

13 667.50 756.89

14 714.58 773.72

15 760.16 794.29

16 803.92 818,46

17 845.60 846.09

18 884,91 876.99

19 921.60 %10.96

20 955.43 947,71

21 986.18 987.20

22 1013.66 1028.97

23 1037.67 1072.83

24 1058.07 1118.48

25 1058.61 1120.00

* kA 0_806 * %k
Iindividual data on the 47 slices
Water Water Tie Tie Earthquake

Force Force Force Force Force Surcharge
Width  Weight Top Bot Norm Tan Hor Ver Load
(ft) {1bs) (1lbs) {1bs) {lbs) {(1bs) {1bs) (1lbs} (1bs)
40.5 71786.9 0.0 0.0 0.0 0.0 129821.86 0,0 0.
3.5 12875.7 0.0 0.0 c.0 0.0 2317.6 0.0 0.
39.3 208722.8 0.0 37721.9 6.0 0.0 3757¢.1 G.o 0.
36.7 293804.2 0.0 94041.3 0.0 0.0 52901.0 G.0 0.
8.0 77661.8 0.0 27611.9 0.0 0.0 13979.1 0.0 0.
46.4 596053.8 0,0 *&*xakx 0.0 0.0 #xFxt&x 0.0 0.
20.6 341547.0 0.0 #F&E*x®x 0.0 0.0 61478.5 0.0 0.
20.0 364216.0 0,0 ¥#&*F** 0.0 0.0 65558.9 0.0 0.
7.1 132400.0 0.0 41904.4 0.0 0.0 23832.0 0.0 0.
1.9 35002.1 0.0 11045.¢6 0.0 0.0 6300.4 0.0 0.
8.0 151010.4 0.0 47660.6 0.0 0.0 27181.9 0.0 Q.
38.95 761997.9 (0.0 *Fxxwsk 0.0 0,0 FEFAEIA 0.0 0.
49.5 EE RS S 0_0 dedok kR kR 0'0 G‘O *kkkhkkhkhk 0.0 0.
20.6 442875.1 0.0 #*rx&*ks 0.0 0.0 79717.5 0.0 0.
9.0 1958312.0 0.0 67026.0 0.0 0.0 35246.2 0.0 0.
14.0 309447.0 0.0 **xHEFZ 0.0 0.0 55700.5 0.0 a.
6.3 141599.5 0.0 47936.1 0.0 0.0 25487.9 0.0 g.

OO C OO OOO

Page 2



F:MATLOCK BEND LANDFILL basic modle w circlel.QUT Page 3

* ok kA ok ko

42524.5
57217.5

LR
F*k ko kkk

51182.1
75765.2
65609.9
34620.9
11401.0
ek Kk ok
63137.3
dkokkkk A
hhkkkxhdk

99921.6
33340.3
11641.0
86222.4
30267.4
89299.1
385.0
2268.9
54542.1
9051.9
49078.6
33166.8
18645.8
4409.9
1623.9
5.2

COODOOoO0D0DOOODOOoOoOCCOOO0ODOC OO CoOC0
[aNaoNeNoRoNeNolel ool Nl i ol R i oo o e i o o ol e el ol
COoOOoOOOO0COUOoOOoOoO0Co0OO0O0L DO OO OO0
COO0OoO00OO0OODOCO0O0O0 0O COoOoOoOOOOO0O0O

Coordinate Points

26.7 6l6617.1 Q.0 *xFsxFkx
16.0 236247.1 0.0 76576.5
13.3 317874.9 0.0 #*FxFxsx
49_7 EE TR 0'0 *kk kAKX
49_2 kkkhkFhoKk 0.0 * Rk kkokkk
10.8 284345.2 0.0 78140.1
16.0 4209817.8 0,0 #kxkxkx
14,0 364499.2 0.0 95647.9
7.5 192338.6 0.0 50074.8
2.5 ©3338.8 0.0 16503.6
30.0 740810.9 0.0 **#x#xk
14.6 350763.0 0.0 86870.9
45.6 *hkEtk*hkEE 0.0 *hkkkkdk
43.8 942792.8 0.0 **Ewdsk
28.1 555115.9 0.0 80281.4
10.0 185224.0 0.0 18771.2
3.6 64672.3 0.0 5977.3
28.4 479013.4 0.0 23789.3
i0.9 168152.2 0.0 .0
36.7 496106.3 0.¢C 0.0
0.2 21%4.5 0.0 0.0
1.1 12605.0 0.0 0.0
27.6 303011.8 0.0 0.0
5.0 50288.5 0.0 0.0
30.8 272659.1 0.0 0.0
27.5 184260.0 0.0 0.0
24.0 103588.0 0.0 0.0
10.3 24499.7 0.0 0.0
10.1 2G21.5 0.0 0.0
0.5 28.7 0.0 0.0
Failure Surface Specified By 24 Ccordinate Points
Point X~-Surf Y-Surf
No. (£1) (ft)
1 100.00 861.00
2 143.63 836.58
3 188,90 815.34
4 235.56 797.37
5 283.38 782.18
6 332.12 771.64
7 381.53 763.99
8 431.37 759.89
9 481.36 759.35
10 531.27 762.38
11 580.84 768.96
12 $29.81 179,05
13 &77.93 792.61
14 724.97 §09.56
15 770.68 §29.83
le 814.83 853.30
11 857.1¢9 879.85
18 897.56 2909.36
19 935.71 941.68
20 971,47 976.63
21 1004.064 3014.04
22 1035.07 1053.72
23 1062.58 10%95.46
24 1076.35 1120.00
* &k 0.808 * kR
Failure Surface Specified By 25
Point ¥X-Surf Y-Surf
No. (ft) {ft)
1 100.00 861.00
2 138.83 829.49
3 180.13 801.31
4 223.62 716.64
5 269.00 755.65
6 315.96 738.49
7 364.18 725.28
8 413.33 716.10
9 463.07 711.02

D000 COoO0DoOODoOOO0C0ODOCO00COOOoOoCO00

OO0 OCOOOOOODoOOODODC DO OOoOCCOOoO0O

OO0 OOoOC o000 OO0 O
s & & s 3 = w =« » a o m o= n « & E a4 s R s e o e e e

OO0 O0OCOoCOoODOoOOO0OCOODOOooQODOOOoOo0OC



F:MATLOCK BEND LANDFILL basic modle w circlel.OUT

10 513.06 710.07
11 562.96 713.26
12 612.43 720.57
13 661.11 731.95
14 708.69 747,31
15 754.84 766.57
16 799.23 789.57
17 841.57 816.17
18 881.56 846.18
19 918.94 879.39
20 953.43 915.59
21 984.81 954,51
22 1012.87 995,90
23 1037.40 1039.47
24 1058.24 1084.92
25 1070.94 1120.00
* Kk ok 0.809 EX
Failure Surface Specified By 23
Point X-Surf Y-Surf
No. (ft) (£t)
1 155.56 861.00
2 196.95 832.96
3 240.54 808.45
4 286.01 787.66
5 333.05 770,72
6 381.34 757,715
7 430.54 746.84
8 480.31 744,06
9 530.31 743.43
10 580.18 746.95
11 629.59 754.62
12 678.19 166.37
13 725.865 782.11
14 771.63 801.75
15 815.82 825.15
16 857.91 852.14
17 g897.61 882.53
18 934.64 9le.12
19 968.76 952.68
20 999.71 991.94
21 1027.29 1033.65
22 1051.31 1077.50
23 1070.18 1120.00
* k% 0‘818 *kk
Failure Surface Specified By 21
Point X-Surf Y-Surf
No. (£t} {ft}
1 155.56 861.00
2 189.29 836.76
3 244.96 816.42
4 292,23 800.12
5 340.74 787.99
6 390.11 780.12
7 439.99 7176.57
8 489.98 777.37
9 539.72 782.51
1¢ 588.82 791.96
13 636.91 805.63
12 683.63 823.44
13 728.63 845,24
14 771.56 870.86
15 glz.11 900.12
16 849,96 932.80
17 884.82 968.63
18 916.44 1007.37
19 944.57 1048.70
20 969.01 1052.33
21 969.65 10%3.76
* &k 0.839 **k

Coordinate Points

Cecordinate Points

Failure Surface Specified By 24 Coordinate Points
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Point X-Surf Y-Surf
No. (ft) (ft)
1 155.586 861.00
2 191.98 826.75
3 231.48 796.09
4 273.70 769.31
5 318.27 746.64
& 364.77 728.28
7 412.81 714.40
8 461.94 705.13
S 511.73 700.55
10 561.73 700.70
11 611.49 705.57
12 660.57 715.13
13 708.53 729,28
14 T754.93 747.91
15 799.36 710.84
16 841.42 797.87
17 880.74 828.76
i8 916.97 863.22
19 949.77 900.96
20 978.85 941.63
21 1003.96 984,87
22 1024.87 1030.29
23 1041,39 1077.48
24 1051.89 1120.00
*k* 0.840 * ok k
Failure Surface Specified By 24 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (£t)
1 100.00 861.00
2 146.21 843.69
3 194.74 8292.13
4 243.34 817.386
5 292.53 808.43
6 342.16 802.35
7 392,06 799.17
8 442,06 798.88
9 451.99 801.48
10 541,69 806.97
11 590.929 815.33
12 639.71 826.53
13 687.71 840.53
14 734.82 857.29
15 780.88 876.75
16 825,73 898.84
17 869.23 923.50
18 911.23 950.63
19 951.59 980.15
20 950.17 1011.85
21 1026.84 1045.94
22 1061.49 10B1.89
23 1083.589 1119.89
24 1093.589 1120.00
***x 0_848 EE A
Failure Surface Specified By 22 Coordinate Points
Point X-Surf ¥Y-Surf
No. (ft) (ft)

1 100.00 861.00
2 136.20 826.501
3 175.85 796.05
4 218.51 769.98
3 263.70 748.58
6 310.81 732.10
7 359.60 720.73
8 409.22 714,59
9 459.21 713.75
10 509.01 718.22
11 558,06 727.96
12 605.79 742.85
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13 651.67 162.72
14 695.18 787.35
15 735.83 816.46
16 T713.17 849.72
17 806.76 886.76
18 836.22 927.15
19 861,24 970.45
20 881.51 1016.15
21 896.82 1063.75
22 898.G7 1069.78
* &k 0.849 & k¥
Failure Surface Specified By 22
Point X~-8urf Y-Surf
No. (ft} (ft)
1 100,00 861.00
2 135.37 825.66
3 i74.24 794,21
4 216.18 766.99
5 260.73 744.25
G 307.41 726.36
7 355.70 713.490
8 405.08 705.55
=} 455,01 702,90
10 504.%4 705.47
11 554.34 713.24
12 602,65 726.12
13 649,35 743.97
14 693.94 766,60
15 735.92 793.76
16 774.84 825.15
17 810.27 860.43
ig 841.83 899.21
i9 8693.17 941,07
20 891.99 2985.56
21 910.04 1032.19
22 922.45 1077.95
* d ¥k 0_850 B
Failure Surface Specified By 19
Point X-gurf Y-Surf
No. (ft) (£t)
1 155.56 861.00
2 199.65 837.43
3 245,13 818.01
4 293,39 802.90
5 342.24 792.23
6 391.86 786.09
7 441,84 784.52
8 491.74 787.55
9 541.16 795.15
10 589.68 807.25
11 636.87 823.75
1z 682.36 844.52
13 725.75 869.37
i4 766,67 898.10
15 804.78 930.46
14 839.77 966,18
17 871.32 1004.97
18 899.19 1046.48
19 914.98 1075.45

* kK

0.854

B

Coordinate Points

Coordinate Points
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*%* PCSTABLbBM **
by
Purdue University
--Slope Stability Analysis--

simplified Janbu, Simplified Bishop

or Spencer’s Method of Slices

Run Date: 2/13/2014
Time of Run: 08:13a14
Runn By: Jo K House

Input Data Filename:
Qutput Filename:
Unit:

Plotted Output Filename:

PROBLEM DESCRIFTION

BOUNDARY COORDINATES

F:MATLOCK BEND LANDFILL basic
F:MATLCCK BEND LANDFILL basic

ENGLISH

F:MATLCCK BEND LANDFILL basic

MATLOCK BEND LANDFILL EXPANSION
JANBU SEISMIC YIELD ACCELERATION

16 Top Boundaries
29 Total Boundaries
Boundary X-Left Y-Left X~Right Y-Right Soil Type
No. (ft) (£t) (ft) (ft) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30,00 880.00 50.00 880.00 1
3 50.00 880.00 $5.00 861.00 1
4 95.00 861.00 220.00 861.00 1
5 220.00 861.00 295.00 900.00 1
6 295.00 900.00 315.00 90G.00 2
ki 315.00 900.00 324.00 897.00 2
8 324.00 897.060 332.00 900.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951.00 €60.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842,00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1094.00 1120.00 3
17 332.00 800.00 441,00 861.00 5
18 441.00 861.00 464.00 861.00 &
19 464.00 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 S
22 700.00 901.00 1094.00 966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441,00 860.90 464.00 860.90 1
26 464.00 860.90 630.00 915.590 1
21 630.00 915.920 646,00 915.90 1
28 646,00 915.20 700.00 899.90 1
29 700.00 8%9.920 1094.060 919.90 1
ISOTROPIC SOII. PARAMETERS

6 Typel(s) of Soil

Seil Total Saturated Cohesion Friction

Pare Pressure Piez.

Type Unit @t. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pct) (pct) {psf) (deg} Param. {psf) No.

1 121.0 127.0 0.0 19.0 0.00 0.0 1

2 124.0 127.0 0.0 28.0 0.00 0.0 1

3 70.0 90.0 0.0 33.0 0.00 0.0 1

4 79.0 90.0 0.0 20.0 0.00 0.0 1

5 62.0 62.0 700.0 5.5 0.00 0.0 1

) 62.0 62.0 1197.0 13.3 0.00 0.0 1

1 PIEZOMETRIC SURFACE(S) BAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
. 1 Specified by 3 Coordinate Points

Piezometric Surface No

modle w circlel.dat
modle w circlel.OUT

modle w circlel.PLT

Point X-Water Y-Water

No. (f&) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 878.00

A Horizontal Earthquake Loading Coefficient
0f0.110 Has Been Assigned

Page 1
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A Vertical Earthguake Loading Cosfficient
0£0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf)
A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified,
100 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100.00 ft.
and X = 600.00 ft.
Each Surface Terminates Between X = 832.00 ft.

and X =1024.00 ft.
Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y =700.00 f£t,
50.00 ft. Line Segmenis Define Each Trial Fallure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

* + safety Factors Are Calculated By The lModified Janbu Method * *

Failure Surface Specified By 25 Coordinate Points

Point X~8urf Y-Surf
No. (ft) (Ft)
1 100.00 861,00
2 140.54 §31.73
3 183.30 805.82
4 228.01 783.45
5 274.39 764.75
6 322.12 749,85
7 370.89 738.85
8 420.40 731.82
9 470.30 728.81
10 520.29 729.82
11 570.04 734,87
iz 619.21 743.91
13 667.50 756.89
14 7i4.58 773.72
15 760.16 794,29
16 803,92 818.46
17 845.60 846.09
18 884.91 876.99
19 921,60 910.9%6
20 955.43 247.77
21 986.18 987.20
22 1013.66 1028.97
23 1037.¢67 1072.83
24 i058.07 1118.48
25 1058.61 1120.00
* k& 0_995 * 4k .
Individual data on the 47 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
ce Width Weight Top Bot Norm Tan Hor Ver Load
. (ft} (1lbs} {1lbs) (1bs) {ibs) (1bs) {1bs) (1bs} {1bs)
40.5 71786.9 0.0 0.0 0.0 0.0 17896.6 0.0 0.0
3.5 12875.7 0.0 0.0 0.0 0.0 1416.3 0.0 0.0
39.3 208722.8 0.0 37721.9 0.0 0.0 22959.5 0.0 0.0
36.7 293894.2 0.0 94041.3 0.0 0.0 32328.4 0.0 0.0
8.0 77661.8 0.0 276l11.9 0.0 0.0 8542.8 0.0 0.0
46.4 596053.8 0,0 **xxdis 0.0 0.0 65565.9 0.0 0.0
20.6 341547.0 0.0 FrxExix 0.0 0.0 37570.2 0.0 0.0
20.0 364216.0 0.0 *&Fxdks 0.0 0.0 40063.8 g.c¢ 0.0
7.1 132400.0 0.0 419804.4 0.0 0.0 14564.0 0.0 0.0
1.9 35002.1 0.0 11045.6 0.0 0.0 3850.2 0.0 0.0
8.0 151010.4 0.0 47660.6 0.0 0.0 16611.1 0.0 0.0
38.9 761997.8 Q.0 Fhx&xax 0.0 0.0 83819.8 0.0 0.0
49-5 wkdhkkkhA 0,0 dk ok ok kXA 0.0 0_0 EX S 0_0 0.0
20.6 442875.1 0.0 *Hkkwxw 0.0 0.0 48716.3 0.0 0.0
9.0 195812.0 0.0 67026.0 0.0 0.0 21539.3 0.0 0.0
14.0 309447.0 0.0 **wx&Ex 0.0 0.0 34039.2 0.0 0.0
6.3 141599.5 0.0 47936.1 0.0 0.0 15575.¢2 G.0 0.0
26.7 616617.1 0.0 *Hdrxdnd 0.0 0.0 67827.9 0.0 .0

Page 2
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25987.2
34966.2

* &k kkkEkk
kK kkkk Ak

31278.0
46301.0
40094.9
21157.2

6967.3
81489.2
38583.9

B
LR

61063.2
20374.6
7114.0
52691.5
18496.7
54571.7
241.4
1386.6
33331.3
5531.7
29992.5
20268.6
113%94.7
2695.0
992.4
3.2

OO0 OoO0C000OooOOOCOQOoOoCOoODOoOOO0O
OO0 0OO0OCOOOOOOOCOOoOOoOoOCOOOOD0o0o
OO0 Oo0CO0O000DOOCDOCDODoDOOODDODCOoOO0
[ef=R=R=RelcRalol=NaleloReNaoNoNwoNeNoRolelaNole oo falelev

0.0

Coordinate Points

10.0 236247.1 0.0 76576.5
13.3 317874.9 0.0 *xkFdxk
49 .7 ERE R AL 0.0 * ok kkEkk Kk
49‘2 Tk hkkkdok Kk 0‘0 *hkAkkkE A
10.8 284345.2 0.0 78140.1
16.0 420917.8 0.0 *AxdkEx
14.0 364498.2 0.0 95647.9
7.5 192338.6 0.0 50074.8
2.5 63328.8 0.0 16903.6
30.0 740810.9 0,0 *rx&kxd
14.6 350763.0 0.0 86970.9
45‘6 *kkhkXEkEiFK 0_0 ki kFHEK
43,8 942792.8 0.0 *&x&Edx
28.1 555119.9 0.0 80281.4
10.0 185224.0 0.0 19771.2
3.6 64672.3 0.0 5977.3
28.4 479013.4 0.0 23789.3
10.9 168152.2 0.0 0.0
36.7 496106.3 0.0 0.0
0.2 2194.5 0.0 0.0
1.1 12605.0 0.0 .0
27.6 303011.8 0.0 0.0
5.0 50288.5 0.0 0.0
30.8 272659.1 0.0 0.0
27.5 184260.0 0.0 0.0
24.0 103588.0 0.0 0.0
10.3 24499.7 0.0 0.0
i0.1 9021.5 0.0 0.0
0.5 28.7 0. 0.0
Failure Surface Specified By 24 Coordinate Points
Point X-Surf Y-Surf
No. {ft) (£t}
1 100.G0 861.00
2 143.863 836.58
3 188.90 815.34
4 235.56 797,37
5 283.38 182.78
6 332.12 771.64
7 381.53 T763.99
8 431,37 759.89
9 481.36 759.35
10 531.27 762 .38
11 5B80.84 768.96
12 629.81 779.05
13 677.93 792.61
14 724,97 809,56
15 770.68 829.83
16 814.83 853.30
17 857.19 879.85
18 897.56 909.36
19 935.71 941.68
20 971,47 976,63
21 1004.64 1014.04
22 1035.07 10583.72
23 1062.58 1095.4%6
24 1076.35 1120.00
* % & 0.997 * kA
Failure Surface Specified By 25
Point ¥X-Surf Y-Surf
Ne. (£t) (£t}
1 100.00 861.00
2 138.83 829.49
3 180.13 801.33
4 223.62 776.64
5 269.00 755.65
(3 315.96 738.49
7 364.18 725.28
8 413.33 716.10
9 463.07 711,02
10 513.06 710.07

COoO0O0CCOOLOOOO0OCCDoOoOoOODO00O0oDD0O00
COO0ODOOoOOoOODCCOOQOoOoooCoOOo0O0O

w circlel.CQUT

.

P . e .
COoOCOoOOOOoO0OoOoCOoOoOoDOOOOOOoOOOoOoCOCOOOdD

e =R RrieReReRoloNoaleleNeNelalolale el e Nl oo R o
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11 562.96 713.26
12 612.43 720.57
13 661.11 731.95
14 708,69 747.31
15 754.84 766.57
16 799.23 789,57
17 841.57 816.17
13 881.56 B46.18
19 918.94 879.39
20 953.43 915.59
21 984.81 954,51
22 1012.87 $95.90
23 1037.40 1039,.47
24 1058.24 1084.92
25 1070.94 1120.00
* % F* 0_998 * % %k
Failure Surface Specified By 23
Point X~5urf Y-Surf
No. (£t) {ft)
1 155.56 861.00
2 196.95 832,96
3 240.54 8086.45
4 286.01 787.66
5 333.05 770.72
é 381.34 157.75
7 430.54 748.84
8 480.31 744,06
9 530.31 743.43
10 580.18 746.95
11 629.59 754.62
12 678.19 766.37
13 725.65 782,11
14 771.63 801.75
15 815.82 825.15
16 857.91 852.14
17 897.61 882.53
18 934.64 916.12
19 968.76 952.468
20 989.71 991.94
21 1027.29 1033.65
22 1051.31 1077.50
23 1070.18 1120.00
® kK 1_006 * ok k
Failure Surface Specified By 24
Point X~8Surf Y-Surf
No. (ft) (ft)
1 155.56 861.00
2 191.98 826.75
3 231.48 796.09
4 273.70 769.31
5 318.27 T46.64
6 364.77 728.28
7 412.81 714.40
8 461.94 705,13
9 511.73 700.55
10 561.73 700.70
11 611.49 705.57
12 660.57 715.13
13 708,53 729.28
14 754.93 747.91
15 799.36 T70.84
16 841.42 797.87
11 880.74 B28.76
18 916.97 863.22
19 949.77 200.96
20 878.85 941,63
21 1003.96 984,87
22 1024.87 1030.29
23 1041,39 1077.48
24 1651.89 1120.00

Coordinate Points

Coordinate Points

Page 4
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Coordinate Points

Coordinate Points

*F K 1‘032 * &K
Failure Surface Specified By 21 Coordinate Points
Point X-Surf Y-Surf
No. (£t} (£t}
1 155.56 861.00
2 199.29 836.76
3 244,96 816.42
4 292.23 800.12
5 340.74 787.99
6 390.11 780.12
Kt 439.98 716.57
8 489,98 777,37
9 539.72 782.51
10 588.82 721.96
11 636.91 805.63
iz 683.63 823,44
i3 728.63 845.24
14 771.56 870.86
15 812.11 900.12
16 849,96 932.80
17 884,82 968.63
18 9i6.44 1007.37
19 944.57 1048.70
20 269.01 1092.33
21 969.65 1093.76
* &k k 1.033 *k*x
Failure Surface Specified By 24
Pcint X-8urf Y-Surf
No. {ft) {(ft)
1 i00.00 861.G0
2 146.91 843,69
3 194.74 829.13
4 243.34 817.36
5 292.53 808.43
6 342,16 802.35
7 382.06 799.17
8 442,06 798.88
9 491.99 801,48
10 541.69 806.97
11 590.99 815.33
12 639.71 826.53
13 687.71 840.53
14 734.82 857.29
15 780.88 876.75
16 825.73 898.84
17 869.23 923.50
18 911.23 950.63
19 951.59 980,15
20 990.17 1011.95
21 1026.84 1045.94
22 1061.49 1081.99
23 1093.99 1119.99
24 1093.99 1120.00
* ok Kk 1.044 LR R
Failure Surface Specified By 22
Point X-surf Y-Surf
Ho. {ft) {£t)
1 1006.00 861.00
2 136.20 826.51
3 175.85 796.05
4 218.51 769.98
5 263.70 748.58
6 310.91 732.10
7 359.60 720.73
8 409,22 714.59
9 459.21 713.75
1G 509.01 718,22
11 558.06 727,96
12 605.7% 742.85
13 651,67 762.72
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14 695.18 787.35
15 735,83 816.46
le 773.17 849.72
17 806.76 886,76
18 836.22 927.15
19 861.24 970.45
20 881.51 1016.15
21 896.82 1063.75
22 898.07 1469.78
* kX 1.049 * Kk
Failure Surface Specified By 22 Ccordinate Points
Point X-Surf Y-Surf
No., (ft) {£t)
1 211.11 861.00
2 251.92 832.11
3 295,31 807.27
4 340.89 786.72
5 388.24 770.65
6 436.91 759.21
7 486.46 752.50
8 536.43 750,58
S 586,34 753.48
10 635,75 761.17
11 684.18 773.57
12 731.21 790.57
13 776.37 812.01
14 819.27 837.70
15 859.50 - 867.40
16 896,68 900.82
17 930.48 937.67
18 960.58 977.59
19 986.70 1020.23
20 1008.60 1065.18
21 1026.08 1112.02
22 1026.26 1112.72
* ok 1_049 * Kk
Failure Surface Specified By 22 Coordinate Points
Point ¥-8urf Y-Surf
No. (ft) (£t)
1 100.00 861.00
2 135.37 825.66
3 174,24 794.21
4 216.18 766.92
5 260.73 744.29
6 307.41 726.36
7 355.70 713.40
8 405.08 705.55
9 455,01 702.90
10 504.9%4 705.47
11 554,34 713.24
iz 602.65 726.12
i3 549.35 743.97
14 693.94 766.60
15 735.92 793.76
16 774.84 825.15
17 810.27 860.43
18 841.83 899,21
19 869.17 941.07
20 891.59 985.56
21 910.04 1032.19
22 922.45 1077.95

*Aok 1.050 Hkk



MATLOCK BEND LANDFILL EXPANSION JANBU SEISMIC
£401 solid waste 200211 solidwastelactive projectsimatiock bend landfilifina! submittahglobal stabilty reporfiappendix b stabilty and deformation results\stabl outputijanbu circleVinput files\matiock bend tandfill basic modie w circleLpl2 Run By: Jo K House 2/13/72014 02:0540

1400 T : : 7 T T T T T
# FS Soll Soil Total Saturated Cohesion Friction Plez. Load Value
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Safety Factors Are Calculated By The Modified Janbu Method
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%% PCSTABLOM **#*
by
Purdue University
--Slope Stability Analysis--—
Simplified Janbu, Simplified Bishop
or Spencer’s Methed of Slices

Run Date: 2/13/2014

Time of Run: 08:22AM

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILLRANDOM.DAT
output Filename: F:MATLOCK BEND LANDFILLRANDOM.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILLRANDOM.PLT
PROBLEM DESCRIPTICN MATLOCK BEND LANDEFILL EXPANSION
Janbu Random
BCUNDARY CCORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary X~Left Y-Left X~Right Y-Right Seil Type
No. (ft) {ft) (£t) (£t} Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 95.00 861.00 1
4 $5.00 861.00 220.00 861.00 1
5 220.00 861.00 295.00 900.00 i
6 295.00 800,00 315.00 900.00 2
7 315.00 800.00 324.00 897.00 2
8 324.00 B97.00 332.00 900.00 2
9 332.00 900.00 497.00 952,00 3
10 497.00 952.00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842.00 1051.00 3
15 842,00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1094.00 1120.00 3
17 332.00 900.00 441,00 861.00 5
18 441,00 861.00 464.00 B61.G0 6
19 464.0C 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646,00 216.00 700.00 901.00 5
22 700.00 ¢01.00 1094.00 966.00 4
23 700.00 901.00 1094.060 921.00 1
24 332.00 899.00 441.00 860.90 1
25 441.00 860.90 464.00 860.90 1
26 464.00 860.90 630,00 915,90 1
27 630.00 815.20 646.00 915.90 1
28 646.00 915.90 70C.00 899.90 1
29 700.00 899.90 1084,00 919.90 1

ISOTROPIC SOIL PARAMETERS
6 Type{s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure

Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No.

No. (pcf) (pef) {psf) (deq) Param. (psf)
1 121.0 1277.0 0.0 19.0 G.00 0.0
2 124.0 127.0 0.0 28.0 0.00 0.0
3 70.0 50.0 0.0 33.0 .00 0.0
4 79.0 $0.0 0.0 20.0 ¢.00 0.0
5 62.0 62.0 700.0 5.5 G.00 0.0
6 62.0 62.0 1197.0 13.3 0.00 0.0
1 PIEZOMETRIC SURFACE{S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-VWater Y-Water
No. (ft) (ft)
1 0.00 820.00
2 450.00 850.00
3 1094.00 878.00

A Critical Failure Surface Searching Method, Using A Random

Piez.

R

Page 1



F:MATLOCK BEND LANDFILLRANDCM.OUT Page 2

Technigque For Generating Irregular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.
10 surfaces Initiate From EBach Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100.00 ft.
and X = 600.00 ft.
Each Surface Terminates Between X = 832.00 ft.

and X =1094.00 ft.
Unless Further Limitations Were Tmposed, The Minimum Elevation
At Which A Surface Extends Is Y =7006.00 ft.
50,00 ft. Line Segments Define Each Trial Failure Surface.
Factor Of Safety Calculation Has Gone Through Ten Iterations
The Trial Failure Surface In Question Is Defined
By The Following 18 Coordinate Points

Point X-8urf Y-Surf
No. (ft) (ft)

1 488.89 949,44
524.60 914.45

3 560.17 879,31
4 599.58 848,54
5 643.98 825.54
6 684.84 796.73
7 726.23 768.67
8 767.38 740.27
] 814.88 124,66
10 864.63 729.64
11 902.74 762.00
12 906.%7 811.82
13 909,17 861.77
14 909.29 911.77
15 913.40 961. 60
16 922,17 1010.83
17 934.96 1059.17
18 935.00 1082.15

Factor Of Safety For The Preceding Specified Surface = 10.525

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.
* * Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf
No. (ftT) (ft)
1 211.11 861.00
2 246.97 B26.16
3 284,97 793.63
4 333.56 781.88
5 382.34 770.91
6 429,13 753.29
7 473,02 729,32
8 517.43 706.35
9 567.05 712.52
10 613.13 731.92
11 659.72 750.08
12 702.56 775.86
13 748.52 795.54
14 795.27 813.29
15 832.45 846,72
16 875.27 872.54
17 920.38 894.10
18 968 .81 906,52
19 1006.18 939.74
20 1019.54 987.92
21 1022.47 1037.84
22 1¢35.086 1086.23
23 1647.35 1119.78
* k& 1.730 * ok %
Individual data on the 44 slices
Water Water Tie Tie Earthguake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Her Ver Load

No. (ft) {1lbs) (1bs) (1lbs) (1bs) (1bs) (1bs) (1bs) {1bs)



oo~ oy Ul e N

8.9 4643.8 0.0 G.0
17.0 44032.5 0.0 0.0
9.9 50112.5 0.0 4440.9
38.0 351103.9 0.0 86623.2
10.0 130244.0 0.0 30143.9
20.0 278858.2 0.0 66025.2
9.0 127852.1 0.0 32293.5
8.0 115751.5 0.0 30050.8
1.6 22746.5 0.0 60l0.6
48.8 751834.5 0.Q #*¥xFEkxk
46.8 816635.5 0,0 #Fxwwkx
11.9 226915.8 0.0 83309.1
9.0 17876l1.6 0.0 67261.9
14.0 294407.2 0.0 **FxkF¥
9.0 199%810.8 0.0 76226.0
24,0 573381.8 0.0 *&d&kixsk
10.0 255445.7 0.0 96803.7
10.4 276101.4 0.0 *HdEkksk
49.6 *hkkEdEEkE O'O *k kK kkk
46_1 AhkkhkxhkhkKk O_O whEkkdkk
16.9 464390.8 0.0 *xkwkxk
16.0 435851.2 0.0 *xkwdkk
13.7 366900.3 0,0 x**Edx&
0.3 7437.2 0.0 2229.3
10.0 259474.¢6 0.0 77191.9
30.0 732634.9 0.0 *FxEFxx
2.6 59881.1 0.0 159%90.9
46_0 *hk kA E L F KR 0'0 *hkdhkk kK
46.7 ER R Rk 0_0 wxkkk ki
36.7 712611.4 0.0 *x*xikx
0.4 799G.0 0.0 758.2
9.6 165722.8 0.0 11986.3
26.0 425102.6 0.0 13803.2
7.2 112317.9 0.0 0.0
45.1 661536.2 0.0 0.0
48.4 671930.3 0.0 0.0
8.4 112639.2 0.0 0.0
1.3 17127.4 0.0 0.0
27.7 342384.4 ¢.0 0.0
3.4 38646.0 0.0 0.0
9.9 96554.9 0.0 0.c
2.9 20136.5 0.0 0.0
12.6 45403.2 0.0 0.0
12.3 12662.9 0.0 0.0
Failure Surface Specified By 23 Coordinate Points
Point X-8urf Y-Surf
No. (£t) (ft)
1 155.56 861.00
2 190.94 825.67
3 226.78 790.81
4 273.92 774,13
5 323.09 765.07
6 368.49 744.13
7 418.20 738.70
8 466,67 726.44
9 515.38 715.16
10 564.78 722.93
11 6£14.18 730.63
12 662.41 743.80
13 706.50 767.38
14 755.02 779.45
15 803.21 782.79
16 850.34 809.50
17 880,14 849.65
18 %18.70 881.48
19 951.35 919.34
20 955.41 969.18
21 966.31 1017.98
22 974.54 1067.30
23 975.64 1695.76

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
c.0
0.0
0.0
0.0
0.0
0.0
0.0

0

0
0
0
0
0
0
0
5}
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
o
G
o]

.
.
.
.

.

0
0
0
0
0
0
0
0
0
0
0
0
.0
0
o
0
0
0
0
0
0
0
0
0
d
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* X 1'759 *x %k .
Failure Surface Specified By 17 Coordinate Points
Point X-Surf Y-Surf :
No. (£t (ft)
1 155.56 861.00
2 1988.64 835.63
3 244,89 816.64
4 294 .88 817.72
5 344.22 809.60
G 391.04 792.04
7 439.67 803.67
B8 487 .40 818.54
9 535.82 831.00
10 585.40 837.48
11 635.02 843.64
12 681.08 863.09
13 711.43 902.83
14 745.11 939.78
15 784,43 970.67
16 808.51 1014.49
17 835.24 1051.68
* KK 1.763 * k& .
Failure Surface Specified By 23 Coordinate Points
Point X-Surf Y~-Surf :
No. (ft) {ft)
1 100.00 861,00
2 135.38 825.67
3 1731.23 7%0.81
4 218.36 774.13
5 267.54 765.07
6 312.94 744,13
7 362.64 738.70
8 411.11 726,44
9 459,83 715.16
10 509.22 722.93 :
11 558.62 730.63
12 606.86 743,80
i3 650.95 767.38
14 699.47 779.45
15 747,66 792,79
16 794.78 809.50
17 824 .58 849,65
18 863.14 881.48
19 895.79 919.34
20 899.86 969.18
21 910.76 1017.98
z22 918.98 1067.30
23 919.35 1076.91
*Ak K 1.795 * kk
Failure Surface Specified By 19 Coordinate Points
Point X-8urf Y-Surf
No. (ft) (ft)
1 322.22 897.59
2 357.77 862,43
3 393.25 827.20
4 428.99 792.23
5 469,92 763.52
6 519.46 T770.29
7 566.31 787.76
8 608.34 814.84
9 653,97 835.2¢9
10 693.05 B66.48
11 738.43 B87.47
12 776.61 919.75
13 819.76 945.01
14 851.26 983.84
15 892 .54 1012.06
16 934.52 1039.21
17 979.40 1061.26
18 1013.81 1097.54



19 1051.82 1120.00
*kk 1.817 * k&
Failure Surface Specified By 19
Point X-Surf Y-Surf
No. (ft) {ft)
1 211.11 861.00
2 251.81 831.96
3 290.15 799.85
4 339.91 795.01
5 381.71 T767.57
6 431.48 762.84
7 477.45 782.51
8 527.28 786.59
9 575.48 799,90
10 613.39 832.51
11 645.41 870.90
12 684.92 901.55
13 726.96 928.62
14 767.07 958 .47
15 796.97 998.55
16 841.12 1022.02
17 888.46 1638.10
18 921.28 1075.82
19 921.37 1677.59
*ok ok 1.818 HRF
Failure Surface Specified By 21
Point X~Surf Y-Surf
No. {ft} (ft)
1 211.11 861.00
2 251.40 831.39
3 301.34 828.88
4 350.69 820.88
5 399.78 811.34
6 447.25 785.64
7 490.59 771.42
8 536.16 749.99
9 586.04 753.58
10 636.01 751.86
11 684.64 740.24
12 734.37 745,39
13 774.71 774,94
14 B15.21 804.25
15 B43.45 845,51
16 879.14 880.53
17 908.04 921.33
18 921.36 969.53
19 944,35 1013.93
20 956.26 1062.4%
21 957.37 1089.64
w kK 1'821 * %Kk
Failure Surface Specified By 24
Point X-Surf Y-8urf
No. (f1) (ft)
1 155.56 861.00
2 192.21 826.99
3 227.68 791.75
4 268.81 763.33
5 309.57 734.36
6 359.51 732.04
7 409.42 735.13
8 458,11 723.75
9 506.43 710.90
10 556.17 715.96
11 604.48 703.07
12 654.11 709.14
13 694.61 738.45
14 710.25 785.94
15 746,47 820.41
16 789.16 846.44
17 818,25 887.10

F:MATLOCK BEND LANDFILLRANDCOM.QUT

Coordinate Points

Coordinate Points

Coordinate Points
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18 861.03 912.99
19 909.67 924.59
20 939.86 964.44
21 954,78 1012.16
22 983.82 1052.86
23 1000.93 1099.84
24 1009.07 1106.96
* k% 1_838 * kK
Failure Surface Specified By 21 Coordinate Points
Point ¥-Surf Y-Surf
No. (£t) (£f1)
1 155.56 861.00
2 193.35 828.26
3 235.84 801,91
4 282.77 784.65
5 331.67 774.22
6 381.62 776.31
7 431.43 771.87
8 180.66 763.17
9 530.54 766.68
10 580.37 770.84
11 630.21 774.85
12 673.44 795.%6
13 721,60 813.42
14 771.54 815.82
15 819.38 830,34
16 843.91 873.91
17 861.29 920.7¢%
ig 885.47 964,56
19 888.74 1014.45
20 891,01 1064.40
21 891.67 1067.64
* %k 1_842 * k&
Failure Surface Specified By 18 Coordinate Points’
Point X-Surf Y-Surf
No. (£t} {£ft)
1 211.11 861.00
2 246.50 B825.67
3 281.91 790,38
4 326.32 767.39
5 374.02 782.38
6 423.82 778.01
7 471.46 793.20
B8 521.39 795.83
-9 568.07 777.90
10 616,29 791,11
11 658.60 817.74
12 690.26 856.45
13 732,57 883.08
14 717,92 904.14
15 813.74 939.03
14 837.56 982.99
17 856.55 1029.24
18 871.20 1060.78

* kK 1.843 *kk
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Soil Soil Total Saturated Cohesion Friction Fiez. .

Desc. Type Unit Wt Unit Wt Intercept Angle Surface
No. (pcf) (pcf)  (psf) (deg) HNe.
121.0 127.0 0.0 19.0 w1
1240 1270 00 280 Wi -
700 90.0 00 330 W1 - hE
79.0 80.0 0.0 20.0 w1
82.0 62.0 700.0 58 W1
13.3 W1
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0 s W N =
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Safety Factors Are Calculated By The Modified Janbu Method
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*% PCSTABLSM *%
by
Purdue University
~--8lope Stability Analysis-—
Simplified Janbu, Simplified Bishop
or Spencer s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:268M

Run By: Jo K House

Input Data Filename: F:MATLCCK BEND LANDFILLRANDOMw equake.dat
Cutput Filename: F:MATLOCK BEND LANDFILLRANDOMw eguake,OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDFILLRANDOMw equake.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Janbu Random W SEISMIC
BCUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary ¥X-Left Y-Left X—~Right Y-Right S50il Type
No. (ft) {fL) (ft) (fL) Below Bnd
1 0.00 895,00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 95.00 861.00 1
4 95.00 861.00 220.00 861.00 1
5 220,00 861.00 295.00 900.00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900.00 324.00 897.00 2
8 324.00 897.00 332.00 - 900.00 2
9 332.00 900.00 497.00 952.00 3
10 497.00 952.00 507.060 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052,00 3
14 832.00 1052.00 842.00 1051.00 3
15 842.00 i051.00 1048.0C 1120.00 3
16 1048.00 1120.00 1094.00 1120.00 3
17 332.00 900.00 441.00 861.00 5
ig 441,00 861.00 464.00 861.00 6
19 464,00 861.60 630.00 916,00 5
20 630.00 916.00 646.00 916.00 &
21 646,00 916.00 700.00 901.00 5
22 700.00 901.00 10%4.,00 966.00 4
23 700.00 801.00 1094.00 921.00 1
24 332.00 899.00 441,00 860.%0 1
25 441.00 860.90 464,00 860,20 1
26 464.00 860.590 630.00 915.920 1
27 630.00 915.90 646,00 915.%0 1
28 646.00 915,90 700.00 899.30 1
29 700.00 899.90 1094.00 919.90 1

ISOTROPIC SQIL PARAMETERS

6 Type(s) of Seoil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. {pcf) {pct) (psf (deqg) Param. (psf) No.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 .0 1
3 70.0 90.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 0.00 0.0 1
1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Cocrdinate Points
Point X-Water Y-Water
No. (£t} {ft)
i 0.00 820.00
2 450.00 850.00
3 1094.00 B878.00

A Horizeontal Earthquake Loading Ceefficient
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0£0.180 Has Been Assigned
A Vertical Earthquake Loading Coefficient
0f0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf}
A Critical Failure Surface Searching Method, Using A Random
Technigue For Generating Irregular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.
10 Surfaces Initiate From Each Of 10 Points Equally Spaced

Along The Ground Surface Between X = 100,00 ft.
and X = 600.00 ft.
Fach Surface Terminates Between X = 832.00 ft.

and X =1094.00 ft.
Unless Further Limitaticns Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y =700.00 ft.
50.00 ft, Line Segments Define Each Trial Failure Surface.
Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical
First.
* * Safety Factors Are Calculated By The Modified Janbu Method * *
Failure Surface Specified By 23 Coordinate Points

Point X-8urf Y-Surf
No. (fr) (£t)

1 155.56 B861.00

2 190.94 825,67

3 226.78 790.81

4 273.92 774.13

5 323.09 765.07

© 368.49 744,13

7 418.20 738.70

8 466,67 726,44

g 515.38 715.186

1c 564.78 722.93

11 614.18 730.63

12 662.41 743.80

13 706.50 767.38

14 755,02 779.45

15 803.21 792.79

16 850.34 809.50

17 880.14 849,65

18 918.70 881.48

19 851.35 919.34

20 955.41 969.18

21 966.31 1017.98

22 974,54 1067.30

23 975.64 1095.76

* k% 0.878 E
Individual data on the 14 slices
Water Water Tie Tie Farthguake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hoxr Ver Load

No. (ft) (1bs) (1bs) {1bs) {1bs) (1bs) (1bs) (lbs) {1bs)
1 28.8 49944.4 0.0 0.0 0.0 0.0 §99%0.0 0.0 0.0
2 6.6 25820.5 0.0 2058.9 0.0 0.0 4647.7 0.0 0.0
3 29,1 177805.5 0.0 55930.9 0.0 0.0 32005.0 0.0 0.0
4 6.8 58006.2 0.0 24023.8 0.0 0.0 10442.1 0.0 0.0
5 47.1 553189.6 0.0 ***kxkx 0.0 0.0 99574.1 0.0 0.0
6 21.1 320450.5 0.0 89%113.8 0.0 0.0 57681.1 0.0 0.0
7 20.0 330634.7 0.0 91071.9 0.0 0.0 59517.8 0.0 0.0
8 8.1 135110.8 0.0 38652.9 0.0 0.0 24319.9 0.0 0.0
9 0.9 15103.7 0.0 4776.1 0.0 0.0 2718.7 0.0 0.0
i6 8.0 136497.9 0.0 43368.1 0.0 0.0 24569.6 0.0 0.0
il 36.5 671634.8 0.0 **F*dxx 0.0 0.0 *xkkxx* 0.0 0.0
12 49.7 9985152.1 0.0 FExxkki 0.0 0.0 *&dkdkt 0.0 0.0
13 22.8 476634.2 0.0 **x&xsx 0.0 0.0 85794.2 0.0 0.0
14 9.0 1%84110.8 0.0 68153.4 0.0 0.0 34939.9 0.0 0.0
15 14.0 310740.2 0.0 **x&kddi 0.0 0.0 55933.2 0.0 0.0
i6 2.7 60495.6 0.0 21258.8 0.0 0.0 1088%.2 0.0 0.0
17 30.3 722131.6 0.0 H*kxxsk 0.0 0.0 *Fdx¥xdx 0.0 0.0
18 10.0 250458.9 0.0 85743.9 0.0 0.0 45082.6 0.0 0.0
19 8.4 214016.6 0.0 73220.7 0.0 0.0 38523.0 0.0 0.0
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0.0

Coordinate Points

49_4 Tk kK kKK 0'0 kkxEFRLK
49'4 *hkhkk kA k& 0‘0 dhkEkkkkk
15.8 440783.2 0.0 *¥kEkrk
16.0 444939.4 0.0 ***Fxk%
14.0 385403.5 0.Q *FFFxxk
2.4 65786.8 G.0 18037.C
7.6 203834.9 0.0 ©0921.,2
30.0 768468.5 0.0 **xkxxk
6.5 160229.6 0.0 43844.9
48.5 khkkhkkhdEkKk 0'0 *EkKxxkEx*k
48.2 kkhkkxrkxk 0_0 kA kkkki
28.8 678105.0 0.0 *Fxxads
10.0 230463.6 0.0 41047.1
8.3 189537.6 0.0 32651.8
29.8 611359.4 0.0 *xx&xE*
24.4 424659.5 0.0 18763.0
14.2 226670.6 0.0 0.0
26.6 371226.2 0.0 ¢.0
1.0 12280.2 0.0 0.0
5.0 61229.3 0.0 0.0
1.9 21193.4 0.0 0.0
2.2 1999%2.6 0.0 0.0
10.9 74168.2 0.0 0.0
8.2 209578.4 0.0 0.0
1.1 1085.5 0. 0.0
Failure Surface Specified By 23 Coordinate Points
Point X-Surf Y-Surf
No. (£ft) {ft)
1 100.00 861.00
2 135.38 825.67
3 171.23 790.81
4 218.36 774.13
5 267.54 765.07
6 312.94 744,13
7 362.64 738.70
8 411.11 726.44
9 459.83 715.16
10 509.22 722.93
11 558.62 730.63
1z 606.86 743,80
13 650.95 767.38
14 699.47 779.45
15 T47 .66 782.79
16 794,78 809.50
17 B24.58 849.65
18 B63.14 881.48
i9 B95.79 919.34
20 899.86 969.18
21 910.76 1017.98
22 918.98 1067.30
23 919.35 1076.91
* &K 0_886 * k&
Failure Surface Specified By 23
Point X-surf Y-Surf
No. (Ft) (£L)
1 212.11 861.00
2 246.97 826.16
3 284 .97 793.65
1 333.56 781.88
5 382.34 770.91
6 429,13 753,29
7 473.02 729.32
8 517.43 706.35
9 567.05 712.52
10 613.13 731.92
11 659.72 750.08
12 702,56 775.86
13 748.52 795.54
14 795.27 813.29
15 832.45 846.72
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16 875.27 872.54
17 920.38 894.10
18 968.81 " 806.52
19 1006.18 939.74
20 1019.54 987.92
21 1022.47 1037.84
22 1035.06 1086.23
23 1047.35 1119.78
*x Kk 6‘902 * kK
Failure Surface Specified By 21
Point X~-Surf Y-Surf
No. (ft) (ft)
1 155.56 861.00
2 183.35 828.26
3 235.84 601.91
4 282,77 784.65
5 331.67 T74.22
6 381.62 776.31
7 431.43 771.87
8 480.66 763.17
9 530.54 766. 68
10 580.37 770.84
11 630.21 774.85
12 673.44 799.96
13 721.60 813.42
14 771.54 815.82
15 819.38 830.34
16 843,91 873.91
17 861.29 920.79
18 885.47 964.56
19 888,74 1014.45
20 891.01 1064.40
21 891.67 1067.64
*kx 0_912 k&K
Failure Surface Specified By 17
Polint X-8urf Y-Surf
No. (ft) (ft)
1 155.56 861.00
2 198.64 835,63
3 244 .89 816.64
4 294 .88 817.72
5 344 .22 809.60
[ 391.04 792.04
7 439.67 803.67
B 487.40 814,54
9 535.82 831.00
10 585.40 837.48
11 635.02 843.64
12 681.08 863.09
13 711.43 902.83
14 745.11 939.78
15 784.43 970.67
16 808.51 1014.49
17 835.24 1051.68
* &Kk 0.930 * Ak
Failure Surface Specified By 21
Point X-Surf Y-Surf
No. (£ft) (£t)
1 211.11 861.00
2 251.40 831.39
3 301.34 828.88
4 350.69 820.88
5 399.78 811.34
6 4£447.25 795.64
7 490.99 771,42
8 536.16 749,99
9 586.04 753.58
10 636.01 151.86
11 684 .64 740.24
12 734.37 745.39
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i3 774,71 774.94
14 815.21 804.25
15 B843.45 845.51
16 879.14 880.53
17 908.04 921.33
18 921.36 969.53
12 944,35 1013.93
20 956.26 1062.49
21 957.37 1089.64
**& 0‘944 * kX
Failure Surface Specified By 24
Point X-Surf Y-Surf
No. (ft) (£ft)
1 155.56 861.00
2 192,21 826.99
3 227.68 791.75
4 268.81 763,33
5 309.57 734.36
6 359.51 732.04
7 409.42 735.13
8 458.11 723.75
S 506.43 710.90
10 556.17 715.96
11 604.48 703.07
12 654.11 709.14
13 694.61 738.45
14 710.25 785.94
15 746.47 820.41
16 789.16 846.44
17 818.25 887.10
18 861.03 912.99
19 909.67 924 .59
20 939.86 964 .44
21 954.78 1012.16
22 983.82 14052.86
23 1000.93 1099.84
24 1005.07 1106.96
*EK {]_959 E
Failure Surface Specified By 24
Point X-Surf Y-Surf
No. (ft) (ft)
-1 100.00 861.00
2 145.37 839.98
3 180.77 804,67
4 226.48 784 .41
5 265.24 752.82
6 303.18 720.26
7 352.78 713,91
B 401.43 725.46
9 450.60 716.41
10 499.02 728.88
1l 548.78 724.01
12 5988.49 718.65
i3 £38.00 749.29
14 685.22 765,74
15 728.68 790.46
16 768.20 821.09
17 816.27 834,83
18 852.38 869.42
12 865.14 9171l
20 876.76 966.40
21 881.33 1016.19
22 909.34 i057.61
23 952.45 1082.93
24 962.90 1091.49
* Kk 0.962 * X%
Failure Surface Specified By 26
Point X~-Surf ¥Y-Surt
No. {£t) (£t)
1 100.00 861.00
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2 135.41 825,70
3 177.40 798.55
4 218.45 7770.01
5 268.24 765.40
6 311.87 740.98
7 361.81 743.45
8 411.44 137.44
9 449.38 704.88
10 499,38 705.45
11 548.60 714.25
12 598.60 714.07
13 648.25 708,14
14 690.77 734.43
15 729.26 766.35
16 772.31 791.77
17 819.05 809.55
18 849.33 849.33
19 855.38 B898.96
20 880.47 942.22
21 908.03 983.24
22 843,35 1019.63
23 989,96 1037.71
24 1035.56 1044.02
25 1070.85 1083.02
26 1080.20 1120.00
* % % 0.966 *Ek
Failure Surface Specified By 21 Coordinate Points
Point X-8urf Y-surf
No. (ft) (ft)
1 322,22 ~ B97.59
358.91 863.63
3 401.17 836.90
4 448 .04 819.47
5 496.89 808,85
6 546.86 810.74
7 586.64 806.13
8 645,85 797.23
9 695.74 800.56
10 745,58 804 .52
11 795.43 808.35
12 838.76 833.30
i3 886.97 846.58
14 936.92 848.78
i5 984.82 863.13
i6 1009.51 906.61
17 1026.97 953.46
i8 i051.22 997.19
i9 1054.49 1047.08
20 1056.76 1097.03
21 1061.46 1120.00

KK 0.973 *hk
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Soi Soil Total Saturated Cohesion Friction Piez. load  Vale
Desc. Type Unit Wt UnitWi Intercept Angle Surface Horiz Egk 0.180 g<
Mo. (pci)  (pcf) (psf) (deg) HMNo.

1 1 1210 127.0 0.0 18.0 W1

2 2 1240 1270 0.0 28.0 W1 a flg
3 3 Too 80.0 0.0 33.0 W1 p g .

< 4  79.0 80.0 . 20.0 Wi

S 5 820 62.0 . 55 W1

5] 6 13.3

1 I 1 1 | I 1 1 1
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PCSTABLS5M/si FSmin=0.88
Safety Factors Are Calculated By The Modified Janbu Method
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*%* PCSTABLSM **
by
Purdue University
-~Slope Stability Analysis——
Simplified Janbu, Simplified Bishop
or Spencer’s Method of Slices

Run Date: 2/13/2014

Time of Run: 08:290M

Run By: Jo K House

Input Data Filename: F:MATLOCK BEND LANDFILLRANDOMw Yield Acc.dat
Output Filename: F:MATLOCK BEND LANDFILLRANDOMw Yield Acc.OUT
Unit: ENGLISH

Plotted Output Filename: F:MATLOCK BEND LANDEILLRANDOMw Yield Acc.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSION
Janbu Random W SEISMIC
BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type
No. (£t) (ft} (£L) {ft} Below Bnd
il 0.00 895,00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 95,00 861.00 1
4 95.00 861.00 220.00 861.00 1
5 220.00 861.00 295.00 900.00 1
6 295,00 900.00 315,00 900.0G0 2
7 315.00 900.00 324.00 897.00 2
8 324.00 897.00 332.00 900.00 2
9 332.00 900.00 497,00 952.00 3
10 497,00 952,00 507.00 951.00 3
11 507.00 951.00 660.00 1G01.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842.00 1051.006 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048.00 1120.00 1094.00 1120.00 3
17 332.00 200.00 441,00 861.00 5
18 441.0G0 861.60 464 .00 861.00 6
19 464.00 861.00 630.00 916.00 5
20 €30.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700.00 901.00 1094.00 966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 899.00 441,00 860,90 1
25 441.00 860,90 464.00 860.90 1
26 464.00 860.90 630.00 915.90 1
27 630.00 915.90 646.00 915,90 1
28 646.00 915.90 700.00 899.90 1
28 700.00 899.90 1094.00 919.90 i

ISOTROPIC SCIL PARAMETERS

6 Type(s) of Soil
S0il Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept &ngle Pressure Constant Surface

No. (pcf) {pcl) (psf (deqg) Param. (psf) No.
1 121.0 i27.0 0.0 19.C 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 90.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20,0 0.00 0.0 1
5 62.0 62,0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 0.00 0.0 1

1 PIEZCMETRIC SURFACE(S) HAVE BEEN SPECIFIED
Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points

Point X-Water Y-Water

No. (£t) (ft)
1 0.00 820.00
2 45G.00 850.00
3 1094.00 878.00

A Horizontal Earthguake Loading Coefficient
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0£f0.130 Has Been Assigned
A Vertical Earthquake Loading Coefficient
0f0.000 Has Been Assigned
Cavitation Pressure = 0.0 (psf)
A Critical Failure Surface Searching Method, Using A Random
Technigque For Generating Irregular Surfaces, Has Been Specified.
100 Trial Surfaces Have Been Generated.

10 Surfaces Initiate From Each Of 10 Points Equally Spaced
Along The Ground Surface Between X = 100.00 ft.

and X = 600.00 ft.
Each Surface Terminates Between X = 8§32.00 ft.
and ¥ =103%4.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation

At Which A Surface Extends Is Y =700.00 ft.

50.00 ft. Line Segments Define Each Trial Failure Surface.

Following Are Displayed The Ten Most Critical Of The Trial
Fajlure Surfaces Examined. They Are Ordered - Most Critical
First.
* * gafety Factors Are Calculated By The Modified Janbu Method * K
Failure Surface Specified By 23 Coordinate Points

' Point X-Surf Y-Surf
No. (£t) (£t)
1 155.56 861.00
2 190,94 825.67
3 226.778 790.81
4 273.92 774.13
5 323.09 765.07
6 368.49 744.13
7 418.20 738,70
8 466,67 726.44
9 515.38 715.16
10 564 .78 722.93
11 614.18 730.63
12 662.41 743.80
13 706.50 767.38
14 755.02 779.45
15 803.21 792.79
16 B850.34 809.50
17 880.14 B849.65
18 918.70 881.48
19 951.35 919.34
20 955.41 969.18
21 966.31 1017.98
22 974.54 1067.30
23 975,64 1095.76
* kK 1.022 * &k
Individual data on the 44 slices
Water Water Tie Tie Earthquake
Force Force Force Force Force Surcharge
Slice Width Weight Top Bot Norm Tan Hor Ver Load
No. (ft) (1bs) (1bs) {(1bs) (1bs) {1bs) (1bs} {1bs) {1bs)
1 28.8 49944.4 0.0 0.0 0.0 0.0 64582.8 0.0 0.0
2 6.6 25820.5 0.0 2058.9 0.0 0.0 3356.7 0.0 0.0
3 28.1 177805.5 0.0 55930.9 0.0 0.0 23114.7 0.0 0.0
4 6.8 58006.2 - 0.0 24023.8 0.0 0.0 7540.8 0.0 0.0
5 47,1 553189.6 0.0 *&xxaxkx 0.0 0.0 71914.6 0.0 0.0
6 21.1 320450.5 0.0 89113.8 0.0 0.0 41658.6 0.0 0.0
7 20.0 330654.7 0.0 91071.9 0.0 0.0 42985.1 0.0 0.0
8 8.1 135110.8 0.0 38652.9 0.0 0.0 17564.4 0.0 0.0
9 0.9 15103.7 0.0 4776.1 0.0 0.0 1963.5 0.0 0.0
10 B.0 136497.9 0.0 43368.1 0.0 0.0 17744.7 0.0 0.0
11 36.5 671634.8 0.0 *xxkxEk 0.0 0.0 87312.5 0.0 0.0
12 49.7 9985152.1 0.0 **F&xdx 0.0 0.0 *%kwkxx 0.0 0.0
13 22.8 476634.2 0.0 #*&xk*kx 0.0 0.0 61862.4 0.0 0.0
14 9.0 194110.8 0.0 68153.4 0.0 0.0 25234.4 0.0 0.0
15 14.0 310740.2 0.0 *¥x&xkx 0.0 0.0 4039%6.2 0.0 0.0
16 2.7 60495.6 0.0 21258.8 0.0 0.0 7864.4 0.0 0.0
17 30.3 722131.6 0.0 **x&&kAFk 0.0 0.0 93877.1 0.9 0.0
18 10.0 250458.9 0.0 85743.9 0.0 0.0 32559.7 0.0 0.0
19 8.4 214016.6 0.0 73220.7 0.0 0.0 27822.2 0.0 0.0
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9.4 kkkkkkE Sk 0_0 KEFRERFTX 0_0 0'0 kkAdkk Rk
9_4 *hkkkhkkhk 0.0 *hk Rk ERAEK O_O 0.0 *xFRKAK
5.8 440783.2 0.0 ***FFxE 0.0 0.0 57301.8
6.0 444939.4 0.0 #kdwwdx 0.0 0.0 57842.1
4.0 385403.5 0.0 **F&xxk 0.0 0.0 50102.4
2.4 65786.8 0.0 18037.0 0.0 0.0 8552.3
7.6 203834.9 0.0 60921.2 0.0 0.0 26498.5
0.0 768468.5 0,0 **k&dxsk 0.0 0.0 99900.9
6.5 160229.6 0.0 43844.9 0.0 0.0 20829.8
8.5 FhkhkH Ak X AN O'O ER 0'0 (}_0 hkhkE Xk x Kk
8_2 *hkkkkEdhE 0_0 k*xkkkkk 0_0 0.0 *EREARA KK
8.8 678105.0 0.0 **xxiAxk 0.0 0.0 88153.6
0.0 230463.6 0.0 41047.1 0.0 0.0 29960.3
8.3 189537.6 0.0 32651.8 0.0 0.0 24639.9
9,8 611359.4 0.0 ***x&kx 0.0 0.0 79476.7
4.4 424659.5 0.0 18763.0 0.0 0.0 55205.7
4.2 226670.6 0.0 0.0 0.0 0.0 29467.2
6.6 371226.2 0.0 2.0 0.0 0.0 48259.4
1.0 12280.2 0.0 0.0 0.0 0.0 1596.4
5.0 6122%.3 0.0 0.0 0.0 0.0 79859.8
1.9 21193.4 0.0 0,0 0.0 0.0 2755.1
2.2 19992.6 c.0 0.0 0.0 0.0 2599.0
0.9 .74168.2 0.0 0.0 0.0 0.0 9641.9
§.2 29578.4 0.0 0.0 0.0 0.0 384%.2
1.1 1085.5 0.0 0.0 0.0 0.0 141.1
Failure Surface Specified By 23 Coordinate Points
Point X-Surf Y-Surf
No. (£t} (fr)
1 100.00 861.00
2 135.38 825.67
3 171.23 790.81
4 218.36 774.13
5 267.54 765.07
6 312.°4 744.13
7 362.64 738.70
8 411,11 726.44
9 459.83 715.16
10 509.22 722.93
11 558.62 730.63
i2 606.86 743.80
13 650.85 767.38
14 699.47 779.45
15 747.66 792.7%
16 794.78 809.50
17 824.58 849.65
ie 863.14 881.48
19 895.79 915.34
20 899.86 965.18
21 910.76 1017.98
22 918.98 1067.30
23 919.35 1076.91
* &k 1'033 B
Failure Surface Specified By 23 Coordinate Points
Point X-Surf Y-Surf
No. (ft) (ft)
1 211.11 861.00
2 246.97 826.16
3 284.97 793.65
4 333.56 781.88
5 382._34 770.91
6 429.13 753.29
7 473.02 129.32
8 517.43 706.35
9 567.05 712.52
10 613.13 731.92
11 659.72 750.08
12 702.56 775.86
13 748.52 795.54
14 795.27 813.29
15 832.45 B46.72
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ie6 875.27 872.54
17 920.38 894.10
18 968.81 906.52
19 1006.18 939.74
20 1019.54 987.92
21 1022.47 1037.84
22 1035.06 1086.23
23 1047.35 1119.78
*RK 1_042 *xk
Fajilure Surface Specified By 21 Coordinate Points
Point ¥-8urf Y-Surf
No. (£t) (ft}
1 155.56 861.00
193.35 828.26
3 235.84 801.91
4 282.777 784.65
5 331.67 774,22
6 381.62 776.31
7 431.43 T771.87
8 480,66 763.17
9 530.54 766.68
10 580.37 770.84
11 630.21 774.85
12 673.44 799.96 B
13 721.60 813.42
14 171,54 815.82
15 819.38 830.34
16 §43.91 873.91
17 861.29 920.79
18 B85.47 964,56
19 888.74 1014.,45
20 891.01 1064.40
21 891,67 1067.64
*kE 1.0686 *HF
Failure Surface Specified By 17 Coordinate Points
Point X-8urf Y-8urf .
No. {ft) (fi)
1 155.56 861.00
2 198.64 835.63
3 244.89 816.64
4 294.88 817.72
5 344.22 809.60
6 391.04 792.04
7 439,67 803.67
8 487.40 818.54
9 535.82 831.00
10 585.40 B37.48
11 635.02 843.64
12 681.08 863.09
13 711.43 902.83
14 745.11 93¢.78
15 784,43 970,67
16 808.51 1014.49
17 835.24 1051.68
* kK 1.075 K
Failure Surface Specified By 21 Coordinate Points
Point X-Surf Yy-Surf
No. (£t (ft)
1 211.11 861.00
2 251.40 831,39
3 301.34 828.88
4 350.69 820.88
5 399.78 811,34
6 447,25 795.64
i 490,99 771.42
8 536.186 749.99
9 586.04 753.58
16 636.01 751.8¢
11 oB4 .64 740,24

12 734.37 745.39
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13 714,71 774.94
14 815.21 804.25
15 843,45 845.51
16 879.14 880.53
17 908.04 921.33
18 921.36 969.53
19 944,35 1013.93
20 956,26 1062.49
21 957.37 1089.64
* %k 1_094 * kK R
Failure Surface Specified By 24 Coordinate Points
Point X-8urf Y-Surf
No. {(ft) (ft)
1 155.5¢6 861.00
2 19z2.21 B826.99
3 227.68 791.75
4 268.81 763.33
5 309.57 734,36
6 359.51 732.04
7 409.42 735.13
8 458.11 723.75
9 506.43 710.90
10 556.17 715.96
11 604 .48 703.07
12 654.11 709.14
13 694.61 738.45
14 710.25 785.94
15 746.47 820.41
16 789.16 846.44
17 818.25 887.10
18 861.03 9i2.99
19 909.67 924.59
20 93%.86 964.44
21 954.78 1012.16
22 983,82 1052.86
23 1000,83 1099.84
24 1009.07 1106.96
* &k 1_107 * k)
Failure Surface Specified By 24 Coordinate Points
Point X~Surf ¥Y-Surf
No. {(ft) (fT)
1 100.00 861.00
2 145.37 B39.98
3 180.77 804.67
4 226.48 784,41
5 265.24 752.82
6 303.18 720.26
7 352,78 713.91
8 401.43 725.46
9 450.60 716,41
10 489.02 728.88
11 548.78 724.01
12 598.49 718.65
13 638.00 749.29
14 685.22 765.74
15 728,68 790.46
16 768.20 821.09
17 8le.27 834.83
18 852.38 869.42
19 865.14 917.77
20 876.76 966.40
21 881.33 1016.19
22 909.34 1057.61
23 952.45 1082.93
24 962.60 1091.49
k& 1.115 * %k
Failure Surface Specified By 26 Coordinate Points
Point ¥-8urf Y-Surf
No. (ft}) (£t)

1 10G.00 861.00
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2 135.41 825.70
3 177.40 758.55
4 218.45 770.C1
5 268.24 765.40
6 311.87 740.98
7 361.81 743,45
8 411.44 737.44
9 449,38 704.88
10 499.38 705.45
11 548.60 714.25
12 598.60 714.07
13 648,25 708.14
14 690.77 734.43
15 729.26 766.35
16 712,31 791.77
17 819.05 809.55
18 849.33 B49.33
19 855.38 B98.96
20 880.47 - 942,22
21 909.05 983.24
22 943.35 1018.63
23 9892.96 i037.71
24 1039.56 1044.02
25 1070.85 1083.02
26 1080.20 1120.00
dok X 1.122 * *k
Failure Surface Specified By 19 Coordinate Points
Point X-Surf Y--Surf
No. (£t) (£t)
1 211.11 861.G0
2 251.81 831.36
3 290.15 799.85
4 339.91 795.01
5 381.71 167.57
6 431.48 762.84
i 477.45 782,51
8 527.28 786.59
9 575.48 799.90
10 613,39 832.51
il 645.41 870.90
12 684.92 9G1.55
13 726.96 928.62
14 767.07 058,47
15 796,97 998,55
16 841.12 1022.02
17 888.46 1038.10
18 921.28 1075.82
19 921.37 1077.59

* k& 1,127 * kK
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Sol Soil Total Saturated Cohesion Friction Piez. Load  Value
Desc. Type UnitWt. UnitWt. Intercept Angle Surface|| HorizEqk 0.130 g<
Mo. (pcfy  (pch) {psf)  (deg) No.

121.0 127.0 0.0 18.0 W1
1240 127.0 0.0 28.0 w1 a i
70.0 80.0 0.0 33.0 Wi |

79.0 50.0 0.0 20.0 w1
82.0 62.0 700.0 55 W1
62.0 62.0 13.3 W1

)N WD N =
O3 h b L PN -

| ] 1 1 L 1 | 1 1

200 400 600 300 1000 1200 1400 1600 1800

PCSTABLSM/si FSmin=1.02
Safety Factors Are Calculated By The Modified Janbu Method
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** PCSTABLSM **
by
Purdue University
--Slope Stability Analysis--—
Simplified Janbu, Simplified Bishop
or Spencer s Method of Slices

Run Date: 2/12/2014

Time of Run: 09:22PM

Run By: Jo K House

TInput Data Filename: ¥F:SPENCER METHOD.in
Qutput Filename: F: SPENCER METHOD.OUT
Unit: ENGLISH

Plotted Output Filename: F:SPENCER METHOD.PLT
PROBL.EM DESCRIPTION MATLOCK BEND ILANDFILL EXPANSION

SPENCER METHOD

BOUNDARY CCORDINATES
16 Tep Boundaries
29 Total Boundaries

Boundary X-Left Y-Left X~-Right Y-Right Soil Type
No. (ft) (ft) (ft) {£t) Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 95.00 861.00 1
4 95.00 861.00 220.00 861.00 1
5 220.00 861.00 295.00 200.00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900.00 324.00 897.00 2
8 324,00 897.00 332.00 900.00 2
9 332.00 900.00 497.00 952.00 3
10 497,00 952.00 507.00 951.00 3
11 507.00 551,00 660.00 1001.00 3
12 660,00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842.00 1051.00 3
15 842.00 1051.00 1048.0G0 1120.00 3
16 1048,00 1120.00 1094.00 1120.00 3
17 332.00 90G.00 441,00 861.00 5
18 441.00 861.00 464.00 861.00 6
19 464,00 861.00 630.00 216.00 5
20 630.00 %16.00 646.00 916.00 6
21 646.00 316.00 700.00 901,00 5
22 700.00 901.00 1094.00 966.00 4
23 700.00 901.00 1054.00 921.00 1
24 332.00 899,00 441.00 B60.90 1
25 441,00 860.90 464.00 B60.90 1
26 464.00 860.90 630,00 915.90 1
27 €30.00 915.90 646.00 915,80 1
28 646.00 915.90 700.00 899,90 1
29 700.00 899.90 1094.00 919.8%0 1

ISOTROPIC SOIL PARAMETERS

6 Type(s) of Soil
Spil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. {pcf) {pct) (psf) (deqg) Param. (psf) No.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 ’ 0.0 1
3 0.0 0.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 0.00 0.0 1
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1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Coordinate Points
Point X-Waterxr Y-Watex
No. (£1) (ft)
1 0.C0 820.00
2 450.00 850.00
3 1094.00 878.00
Trial Failure Surface Specified By 24 Coordinate Points
Point X-Surt Y-Surf
No. (£t) (ft)
1 100.00 861.00
2 143.63 836.58
3 188.8%0 815.34
4 235.56 797,37
5 283.38 782.78
6 332.12 771.64
7 381.53 763.99
8 431.37 759.89
9 481.36 759.35
10 531.27 762.38
11 580.84 768.96
12 629.81 779.05
13 677.93 792.61
14 724.97 809.56
15 770.68 829.83
16 £14.83 853.30
17 857,19 879.85
18 8§97.56 909. 36
19 935.71 941,68
20 971,47 976.63
21 1004.64 1014,04
22 1035.07 1053.712
23 1062.58 1095.46

24 1076.35 1120.00
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Spencer s FOS FCS
Theta (Moment.) (Force)
(deqg) {Equil.) (Equil.)

0.50 1.993 1.543
0.75% 1.988 1.546
18.23 1.391 1.868
11.95 1.677 1,731
8.77 1.786 1.673
10.56 1.726 1.705
11.12 1.707 1.716
10.96 1.713 1,713

Factor Of Safety For The Preceding Specified Surface = 1.713

Spencer’s Theta = 10.96

Factor Of Safety Is Calculated By Spencer’s Method of Slices
**%* Tine of Thrust ***

Slice X Y 3ide Force
No. Coord. Coord. L/H {Lbs)
1 143.63 853.01 0.673 67485,
2 156.70 848,03 0.576 105740.
3 188.90 838.87 0.515 232265,
4 220.00 833.04 D.515 365371.
5 235.56 829.7¢6 0.452 447829,
[ 283.38 821.41 0.347 743204,
7 295.00 819.97 0.332 B16486.
8 315.00 816.15 0.326 989294,
9 324.00 814.78 0.334 1067510,
10 332.00 813.67 0.327 1137854.
11 332.12 813.66 0.327 1138682.
12 381.53 813.41 0.326 1412545,
13 431.37 815.72 0.326 1624565,
14 441,00 816.64 0.326 1651852,
15 450.00 817.49 0.326 1677738,
16 464.00 818.80 0.325 1718556.
17 481.36 820.35 0.325 1771002,
18 487,00 822.50 0.324 1796367.
19 507.00 823.86 0.331 1812588,
20 531.27 827.11 0.329 1854848.
21 580,84 836.17 0.326 1869942,
22 629.81 847.76 0.324 1812971.
23 630.00 847.81 0.324 1812454,
24 646,00 852.56 0.324 1769427,
25 660.00 856.72 0.324 1732740,
26 070.00 8592.68 0.331 1707274,
27 677.93 862.02 0.331 1687541,
28 700.00 869.88 0.332 1602681,
29 724.97 878.78 0.333 1511307.
30 770.68 898.15 0.337 1256494,
31 814.83 920.15 0.346 1061764,
32 832.00 930.07 0.351 961346.
33 836.37 932.59 0.356 937211.
34 842,00 935.84 0.363 906996.
35 857.19 944.65 0.368 B28759,
30 - 897.56 972.24 0.392 606514.
37 898,27 972,68 0.392 603150.
38 899.65 973.10 0.389 5092717,
39 933.08 999,01 0.419 424364 .
40 935.71 1000.19 0,416 417293.
41 971.47 1024.44 0.406 284237,
42 1004.64 1050.01 0.393 164292.
43 1035.07 1076.45 0.367 68614,
44 1048.00 1089.87 0.354 35059,
45 1062.58 1105.42 0.406 9700.
16 1076.35 1756.13 Q.000 -32.
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T T T T T T T

| Total Saturated Cchesion Friction Piez.
= UndWit. UnitWt Intercept Angle Surface

Gnaenoﬁaamezo.
121.0  127.0 0.0 190 Wi

1240 127.0 0.0 28.0 w1
70.0 50.0 0.0 33.0 Vi
79.0 80.0 0.0 20.0 w1
62.0 62.0 ¥00.0 55 w1
62.0 62.0 11870 133

1 1 I ] 1 | 1 | 1

200 400 600 800 1000 1200 1400 1600 1300

PCSTABLSM/si FSmin=1.71
Factor Of Safety Is Calculated By Spencer’s Method of Slices
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*% PCSTABLLM *#*
by
Purdue University
~--Slope Stability Analysis——
Simplified Janbu, Simplified Bishop
or Spencer’s Method of Slices

Run Date: 2/12/2014

Time of Run: 10:12PM

Run By: Jo K House

Input Data Filename: F:SPENCER METHOD SEISMIC.in
Output Filename: F:SPENCER METHOD SEISMIC.OUT
Unit: ENGLISH

Plotted Output Filename: F:SPENCER METHOD SEISMIC.PLT
PROBLEM DESCRIPTION MATLOCK BEND LANDFILL EXPANSICN

SPENCER METHOD SEISMIC
BOUNDARY COORDINATES

16 Top Boundaries
29 Total Boundaries

Boundary X-Left Y-Left %x-Right Y-Right Soil Type
No. (£t) (£t) {£1) (ft) Below Bnd
1 .00 895.00 30.00 880.00 1
2 30.00 880.00 50.00 880.00 1
3 50.00 880.00 95.00 §61.00 1
4 95.00 861.00 220.00 61,00 1
5 220.00 861.00 295.00 900.00 1
6 295.00 500.00 315.00 900.00 2
7 315.00 %00.00 324.00 897.00 2
8 324.00 897.00 332.00 800.00 2
9 332.00 900.00 497,00 952.00 3
10 497.00 952,00 507.00 951.00 3
11 507.00 951.00 660.00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
i3 670.00 1000.00 832.00 1052.00 3
14 832.00 1052.00 842,00 1051.00 3
15 842.00 1051.00 1048.00 1120.00 3
16 1048,00 1120.00 1094.00 1120.00 3
17 332.00 900. 00 441.00 861,00 5
i8 441.00 861.00 464.00 861.00 6
19 464,00 B61.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 901.00 5
22 700,00 301.0C 1094.00 966.00 4
23 760.00 901.00 1094,00 921.00 1
24 332.0¢0 899.00 441.00 860.90 1
25 441.00 860.90 464.00 860.90 1
26 464,00 860.90 630.00 915.90 1
27 630.00 915.90 646.00 915.90 1
28 646.00 915.90 700.00 899.90 1
29 700.00 899.90 1094.00 919.90 1

ISOTROPIC SCIL PARAMETERS

6 Type(s) of Soil
Seil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pct) {pct) {(psf} (deg) Param, (psf) No.
1 121.0 127.0 0.0 12.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 90.0 0.0 33.0 0.00C 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62.0 62.0 700.0 5.5 0.00 0.0 1
[ 62.0 62.0 1197.0 13.3 0.00 0.0 1
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1 PIEZOMETRIC SURFACE (S} HAVE BEEN SPECIFIED
Unit Weight of Water = 62,40
Piezometric Surface No. 1 Specified by 3 Coordinate Points

Point X-Water Y-Water

No. (ft) {(ft)
i 0.00 820.00
2 450.00 850¢.00
3 1094.00 878.00

A Horizontal Earthquake Loading Coefficient Of ~ 0.180 Has Been Assigned

A Vertical Farthquake Loading Coefficient
0f0.000 Has Been Assigned

Cavitation Pressure = 0.0 (psf)
Trial Failure Surface Specified By 24 Coordinate Points
Point Z-8urf Y-Surf
No. (ft) {ft}
i 100.00 861.00
2 143.63 836.58
3 188.90 815,34
4 235.56 797.37
5 283.38 782.78
6 332.12 Tl .64
7 381.53 763.99
8 431.37 759.89
9 483,36 759,35
10 531.27 762.38
i1 580.84 768.96
12 629.81 719,05
13 677.93 792.61
i4 724.97 809.56
15 770.68 829.83
16 814.83 853.30
17 857.19 879.85 .
18 897.56 909.36
19 935.71 941.68
20 971,47 976.63
21 1004.64 1014.,04
22 1035.07 1053.72
23 1062.58 1095.46
24 1076.35 i120.00
Spencer s FOS FOS
Theta (Moment:) (Force)
(deq) (Equil.) (Equil.)
0.50 0.%302 0.810
0.75 0.%01 0.811
15.05 D.7986 0.896
9.79 0.851 0.860
7.32 0.869 0.846
8.85 0.858 0.854
9.14 0.856 0.856
Factor Of Safety For The Preceding Specified Surface = 0.856
Spencer’ s Theta = 9.14

Factor OFf Safety Is Calculated By Spencer’s Method of Slices
*¥%% T,ine of Thrust ***

Slice X Y Side Force
No. Coord. Coord. L/H (Lbs)
1 143.63 852,30 0.644 86581,
i 156.70 847.37 0.554 134174.
3 188.90 838.19 0.501 285705.
4 220,00 832.53 0.506 433188,
5 235.56 829,28 0.445 523177.
3 283.38 820,84 0.342 836668,
7 295.00 819,38 0.327 912108.
8 315,00 813.97 0.309 1140061,
9 324,00 812.10 0.313 1242528.
10 332.00 810.63 0.304 1334402,
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31 solidwaste\active projects\matiock bend landfillfinal submittahglobal stability report\appendix b stability and deformation resultsistabl output\spencer methodispencer method seismic.pt Run By: Jo K House
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s

| Total Saturated Cohesion Friction Piez. Load Value

2 UnitWt. UnitWt Intercept Angle Surface|| HorizEgk 0.180 g<
(pct) (pcf) (psf)  (deg) Mo.
121.0 127.0 0.0 19.0 w1
124.0 127.0 0.0 28.0 W1

70.0 €0.0 0.0 33.0 Wi
75.0 80.0 0.0 20.0 W1
62.0 62.0 700.0 55 w1
62.0 62.0 1197.0 133

1 ] 1 | ! 1 1 ! 1

200 400 600 800 1000 1200 1400 1600 1800

PCSTABL5M/si FSmin=0.86
Factor Of Safety Is Calculated By Spencer’'s Method of Slices
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*% PCSTABLSM **
by
Purdue University
~-~8lope Stability Analysis—-—
gimplified Janbu, Simplified Bishop
or Spencer’'s Method of Slices

Run Date: 2/12/2014

Time of Run: 10:17PM

Run By: Jo K House

Input Data Filename: F': SPENCER METHOD yield accelaeration.in
Qutput Filename: F:3PENCER METHOD vield accelaeration.OUT
Unit: ENGLISH

Plotted Output Filename: F:SPENCER METHCD yield accelaeration.PLT
PROBLEM DESCRIPTION MATLCCK BEND LANDFILL EXPANSION

SPENCER METHOD YIELD ACCELERATION

BOUNDARY COORDINATES
16 Top Boundaries
29 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right 50il1 Type
No. (£t} (£t) (ft) (ft) = Below Bnd
1 0.00 895.00 30.00 880.00 1
2 30.00 880.0C0 50.00 880.0C0 1
3 50.00 880.0C0 95.00 861.00 1
4 95.00 861.00 220.00 861.00 1
5 220.00 861.00 295.00 900.00 1
6 295.00 900.00 315.00 900.00 2
7 315.00 900,00. 324.00 897.00 2
8 324.00 897.00 332.00 900. 00 2
9 332.00 900.00 497.00 952.00 3
10 497,00 §52.00 507.00 951.00 3
11 507.00 951.00 660,00 1001.00 3
12 660.00 1001.00 670.00 1000.00 3
13 670.00 1000.00 832.00 1052.090 3
14 832.00 1052.00 842.00 1051.00 3
15 842,00 1051.60 1048B.00 1120.00 3
16 1048.00 1120.00 10%4.00 1120.00 3
17 332.00 300.00 441.00 861.00 5
18 441.00 861.00 464,00 861.00 6
19 464.00 861.00 630.00 916.00 5
20 630.00 916.00 646.00 916.00 6
21 646.00 916.00 700.00 2901.00 5
22 700.00 901.00 1094.00 966.00 4
23 700.00 901.00 1094.00 921.00 1
24 332.00 £99.00 441,00 860.90 1
25 441.00 860.90 464.00 860.90 1
26 464.00 §60.90 630.00 915.90 1
27 630.00 915.90 646.00 915.90 1
28 646.00 915.90 700.00 899.90 1
29 700.00 899.90 1024.00 919.80 1

ISOTROPIC SOIL PARAMETERS

6 Typels) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wi. Intercept Angle Pressure Constant Surface

No. {(pct) {pcf) {psf) {deqg) Param. {psf) No.
1 121.0 127.0 0.0 19.0 0.00 0.0 1
2 124.0 127.0 0.0 28.0 0.00 0.0 1
3 70.0 90.0 0.0 33.0 0.00 0.0 1
4 79.0 90.0 0.0 20.0 0.00 0.0 1
5 62,0 62.0 700.0 5.5 0.00 0.0 1
6 62.0 62.0 1197.0 13.3 Q.00 0.0 1
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1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 3 Ccoordinate Points
Point X-Water Y-Water
No. (£t) (ft)
1 0.60 820.00
2 450.00 850.00
3 1094.00 878.00

A Horizontal Earthquake Loading Coefficient
0f0.130 Has Been Assigned

A Vertical Earthguake Loading Coefficient
Of0.000 Has Been Assigned

Cavitation Pressure = 0.0 (psf)
Trial Failure Surface Specified By 24 Coordinate Points
Point X-Surf Y-Surf
No. (£E£) (£t}
gl 100.00 861,00
2 143.63 836.58
3 188.90 815.34
4 235.56 797.37
5 283.38 782.78
6 332,12 771.64
7 381.53 763.99
8 431.37 759.89
9 481.36 75%.35
10 531.27 762.38
11 580.84 768.96
iz 629.81 779,05
i3 677,93 792.61
i4 724.97 809.56
i5 770.68 825.83
16 814.83 853,30
17 857.12 879.85
18 897.56 909,36
19 935.71 941.68
20 971.47 976.63
2% 1004.64 1014.04
22 1035.07 1053.72
23 1062.58 1095.46
24 1076.35 1120.00
Spencer’s FOS FOS
Theta {Moment) {Force)
(deg) (Equil.) (BEquil.}
0.50 i.068 0.937
0.75 1.066 0.939
15,90 0.906 1.050
10.23 0.99%0 1.003
7.65 1.017 0.984
9.32 1.001 0.996
9.60 0.998 0.998
Factor Of Safety For The Preceding Specified Surface = 0.998
Spencer’s Theta = %.60

Factor Of Safety Is Calculated By Spencer’s Method of Slices
*%% Tine of Thrust ***

Slice X Y Side Force
No. Coord. Coord. L/H {T.bs)
1 143,63 852.48 0,651 79984,
2 156.70 847.53 0.559 124390,
3 188. 90 838.35 0.504 267183.
4 220,00 832,63 0.508 409275.
5 235.5¢ 829,37 0.446 496337.
6 283.38 820,93 0.343 802230,
7 295,00 819.47 0.328 876519,
] 315.00 814.49 0.313 1086134.
9 324.00 812.76 0.318 1180515,
10 332.00 811.38 0,309 1265202,
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11 332.12 811.37 0.309 1266032,
12 381.53 811.49 0.313 1530283.
13 431.37 813.82 0.315 1722456,
14 441,00 814.85 0.315 1744687.
15 450.00 815.71 0.316 1765613.
16 464.00 817.02 0.316 1798830,
17 481.36 818.57 0.315 1841¢81.
18 497.00 820.71 0.315 1857530.
19 507.00 822.06 6.322 1867995.
20 531.27 825.28 0.320 1895105,
21 580.84 834,24 G.317 1878188.
22 629.81 845.69 0.314 1790002.
23 630.00 845.75 0.314 1789363,
24 646.00 850.46 0.314 1736423,
25 660.00 854.58 0.314 1691493,
26 670.00 857.52 0.320 1660378,
27 677.93 859.84 0.320 1636307,
28 700.00 B67.65 0.321 1539859.
29 724.97 876.51 0.322 1426984,
30 770.68 895,83 0.3286 1206405,
31 814.83 917,81 0.334 964982,
32 832.00 927.72 0.339 864978.
33 836.37 930.23 0,343 841188.
34 842.00 933.4¢6 0.34¢ 811471,
35 857.19 942.28 0.354 734524,
36 897.56 970.58 0.382 517213. -
37 898.27 971.09 0.382 513551.
38 889.65 971.83 0.381 507768.
39 933.08 1000.64 0.431 33%024.
40 935,71 100z.02 0.429 332442,
41 971.47 1026.08 0.420 227903,
42 1004.64 1052.18 0.417 132010,
43 1035.07 1081.15 0.443 55134.
44 1048.00 1098.98 0.550 28126.
45 1062.58 1137.17 1.700 7932.
46 1076.35 1959.45 0.000 275.
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| Total Saturated Cohesion Friction Piez. Load Value

2 UntWt. UnitWi Intercept Angle Surface Horiz Egk 0.130 g<
(pcfh  (pch) (psf)  (deg) MNo.
121.0 127.0 0.0 19.0 w1
124.0 127.0 0.0 25.0 w1
70.0 0.0 0.0 33.0 W1
79.0 20.0 0.0 20.0 w1
62.0 62.0 700.0 55 i
62.0 62.0 1197.0 133

I I 1 | I 1 1 1 1

200 400 600 800 1000 1200 1400 1600 1300

PCSTABLSM/si FSmin=1.00
Factor Of Safety Is Calculated By Spencer’s Method of Slices
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Evaluation of Earthquake Forces
DEFORMATION ANALYSIS

Step 1.
Develop a model of the landfill slope configurations to be used for psuedo-static analysis.

Step 2.
Determine the maximum undrained shear strengths of the soil and waste layers within the

landfill model.

Step 3.
Determine the dynamic shear strength parameters and enter them into the Psuedostatic model for

the dynamic analysis.
It should be noted that the static shear strength may be used in most cases for the dynamic

shear strength.
However, for saturated soft clays multiply the maximum undrained shear strengths by 0.80 and

Step 4.
Perform pseudo-static analyses on the landfill model substituting different values for the horizontal
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Matlock Bend Landfill

Evaluation of Earthquake Forces on the Slope Stahility of Solid Waste Landfills
Step 5. JANBU RANDOM

Determine the maximum crest acceleration (u....) induced in the embankment and the natural peried (To) of

the embankment. This can be accomplished by several different methods which include the following:
. afinite element analysis of ihe embankment section {Clough and Chopra, 1966; ldress and Seed,

1967)
Il. by a shear slice analysis (Ambraseys, 1960; Seed and Marlin, 1966).

Il a simplified approach developed by Makdisi and Seed that lends itself to hand calculations is
presented in the following paragraphs.

Step 5a.

Determine the following embankment and subsurface soil properties;
Yield acceleration k, 0.13|g
Height of embankment h 205|ft
Unit weight of wasle fill materials ¥ 90| pef

Mass density, p =y/32.2 filsec
Maximum shear wave velocily
(obtain from crosshole velocily survey or from approximations using the following relalionships):
Gmax = 65 N ( taken from Eval. Of Liquifaction Potential by Seed, ldriss, Jour. Of Eng. Div. ASCE, pg 476 )
Gumx = 120 N°® See NavFaq 7.1-89 (Note: Gpse s in TSF) Gmax =[ 142272 | TsF
(Grrae! P)'? = Vinze 873.80 FPS
Maximum Horizontal Acceleration, 2., (obtained from Simplified Procedure) amx=| 018 |g

Vinax=

Step 5b. First Iteration for determining crest acceleration
Perform First lteration
Step one: determine G/G...,, shear strain, and damping
I. Assume value of v, Ve

[eseles

Il. Calculate G/Gpa = (VelVms)® (VS/Vmax)® = 0.564
Ill. From Figure 1: for calculated G/G..,, determine: shear strain, y .024|%
damping, A 16.7|%
Step two: Calculate the nalural frequencies (o) and the associated natural periods (T)

w;=24(Vs/h) [of} 7.68 rad/sec
Ti=2rn/ 0, T 0.82 sec
w;=5.52(Vs/h) (o7} 17.66 rad/sec
Ta=2rl0; T, 0.36 sec
w3=8.65(Vs/h) [0} 27.68 rad/sec
Ts=2r/ 03 T 0.227 sec

Step three: Determine the spectral accelerations for the three frequencies
in step one and the periods (T) determined in step two to enter Figure 2, to determine the speclral

!From Figure2  S,,/maxaccel.'= 08 Sa1 0.14
8,2/ maxaccel'= 16 S 0.29
) S,i/maxaccel'= 14 Sa 0.25
frec{uencies o
=16 =106 ¢;=0.86
Uyma = 1 {Sal) Wymax 02304 g
Upmac = §2 (Sa2} Uzmax 0305 g
Uz = 93 {S3) Usmax 0217 g
Step five: use the following equation to determine the maximum crest acceleration (Up.s)
U3z + (Y22’ + Uz T = U Umax 044 g
Step 5b. First lteration for determining crest acceleration (continued)
Calculate the average equivalent shear strain (y,,.)eq from the following equation
(Yaee)eq = 0.65 * 0.3 *h/ V> (S4y) (Yave)eq 0.043 %

Note: If the shear strain calculated from the above equation does nof match the value defermined in Step One it is necessary

to perform a second iteration.

Note: The shear strain obtalned from the above calculation is generally different from the shear strain determined from using

assumed velocity values and entering Figure 1as was done in step lll of 5b. If there Is a difference between the assumed

shear strain values and the calculated values, it will be necessary to perform a new lteration using the value obfained from the

above equation to determine a new set of modulus and damping parameters. Generally, it will take three iferations for the
strain compalible properties to converge.
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Step 5c. Perform a second iteration so as to determine crest acceleration
From Figure 1: for shear strain calculaled in step 5b, determine G/G,. and damping ()

SANTEK

WasteServices

for shear strain: 0,043 %
GIGax 0.42
A 12 %
thus GIGpax = (VelVmax)? and s0 VsV = 0.648
-~ Vs 566  fps
Therefore {he frequencies are as follows:
w;=24(Vs/h) Oy 6.63 rad/sec
Ti=2nlw; Ty 0.95 sec
©;=552(Vs/h) o, 15.25 radfsec
T,=2nlw; T, 0.41 sec
@3=8.65(Vs/h) w3 23.89 rad/sec
Ts=2nlo; Ts 0.263 sec
Speciral accelerations (S..) from Figure 2 are as follows:
'From Figure2 S, /maxaccel.'= 08 Sat 0.144
S,/ maxaccel.'= 17 S.2 0.306
S,s/maxaccel.'= 186 §5 0.288
Determine the Crest accelerations (u) for each of the natural frequencies (o):
=16  $=106 &,=0.86
Uz = ¢1 (Sx1) Ugmax 0230 g
Uzrze = ¢2 (Saz) Uzmax 0.324 g
Uszrsze = 43 (S23) Usmax 0248 g
Calculate the maximum cresl acceleration (U.)
[(Umz-)? + (um)z + (USFsr)z]tﬂ = Umax umax 0'4759 ) g
Calculate maximum shear strain (y...)eq
(fare)eq = 0.65* 0.3 * h/ V.2 (S.1) (aveleq 0.058 %
Step 5d. Perform a third iteration so as to determine crest acceleration
From Figure 1: for shear strain calculated in step 5¢, determine G/G,,,., and damping (A)
for shear strain  0.058 %
GIGpx 0.44
s 128 |%
thus GlGac = (Vs/Vmz)? and 50 VeV = 0.663
o Vs 579.61 fps
Therefore the frequencies are as follows:
w;=24(Vs/h) o4 6.79 rad/sec
Ty=2rlw Ty 0.93 sec
©0;=5.52(Vsih) w2 15.61 rad/sec
To=2rlw, T2 0.40 sec
w3=8.65(Vs/h) o3 24.46 rad/sec
Ta=2rnlw; Ta 0.257 sec
Spectral accelerations (S.,) from Figure 2 are as follows:
!From Figure2  S,,/maxaccel'= 075 Sat 0.135
S,2/maxaccel'= 15 Sa 0.270
S,;/maxaccel'= 18 Sa 0.288
Determine the Crest accelerations (u) for each of the natural frequencies (w):
6 =16 ¢,=1.06 $;=0.86
Uiz = $1 (Sa1) U 0216 g
Uz = 2 (Sa2) Uz 0286 g
Usmze = $3 (S29) Usmee 0248 g
Calculate the maximum crest acceleration (Uga)
[(U1mad® + (Uamnd” + (Usmed 1" = Umae g 0436 g
Calculate maximum shear strain {y...)eq
(Yee)eq=065*03*h/ Vf (Sa1) (Yaveleq 0.052 %
To 0.93 sec
G/Ginax 0.44
Upax 0436 g
A 128 %
Vs 579.6 fps
(taveleq 0.052 %

o ?’
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Matlock Bend Landfill
Step 6.
crest acceleration (u,..) delermined in Step 5 and entering into Figure 3
Calculate y/h
height of embankment h 205 ft
depth of failure plane y ft
y/h 1.16
Kmax f Uma from Figure 3
I 0.153 g
0
0?—5451’
oz}
[+ 21 o
¥h
[ X7 O
o8
LCD
. ‘m-jam
FIGURE 3: VARIATION OF " MAXIMUM ACCELERATION RATIO ® WITH DEPTH OF
SUDING MASS
Step 7.
values of k.o and Ty
Calculate Ky/Kmay
ky 0.13
K 0153 g
o Ky/Kemax 0.852
; - P - From Figure 4, UlKnae(To)
R TOTAL DEFORMATION - U 0.005 ft
i A AN TOTAL DEFORMATION-U 0.05 inches
5 N - A
g 9 . \R
o, ar o4 o€ - 08 (1
bafrmay '
FIGURE 4; YARIATION OF AYERAGE NORMALRZED DISPLACEMENT WITH YiELD
ACCELERATION
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Matlock Bend Landifill

Evaluation of Earthquake Forces on the Slope Stability of Solid Waste Landfills
Step 6. MODIFIED BISHOP

Determine the maximum crest acceleration (u,..) induced in the embankment and the nalural period (To) of

the embankment. This can be accomplished by several different methods which include the following:
I. afinite element analysis of the embankment section (Clough and Chopra, 1968, Idress and Seed,

1967)
II. by a shear slice analysis (Ambraseys, 1960; Seed and Martin, 1968).

Ill. a simplified approach developed by Makdisi and Seed that lends itself to hand calculations is
presented in the following paragraphs.

Step 5a.

Delermine the following embankment and subsurface soil properties;
Yield acceleration ky 0.14|g
Height of embankment h 205|ft
Unit weight of wasle il materials 7 90| pef

Mass density, p = /32.2 f/sec
Maximum shear wave velocity
(obtain from crosshole velocily survey or from approximations using the following relationships):
Gmax = 65 N ( taken from Eval. Of Liquifaction Potential by Seed, Idriss, Jour. Of Eng. Div. ASCE, pg 476 )

Gpax = 120 N*® See NavFaq 7.1-89 (Note: G5 is in TSF) Gmax=| 142272 |TSF
Gz p)'7 = Vi Viar=  873.80 FPS
Maximum Horizontal Acceleration, a..., (obtained from Simplified Procedure) Amax = g
Step Sh. First Iteration for determining crest acceleration
Perform First lteration
Step one: determine G/G,.-,, shear strain, and damping
I. Assume value of v, Vs fps
Il Calculate GGy = (VelVimed? " (VSNVmax)*= 0.564
lii. From Figure 1: for calculated G/G,..,, determine: shear strain, y 024|%
damping, A 16.7|%
Step two: Calculate the natural frequencies (w) and the associated natural periods (T)
;=24 (Vsih) (o] 7.68 rad/sec
Ty=2r/ 04 Ty 0.82 sec
©;=5.52(Vs/h) o 17.66 rad/sec
To=2r!w, T, 0.36 sec
@;=865(Vs/h) M3 27.68 rad/sec
Ts=2rlws T3 0.227 sec
Step three: Determine the speciral accelerations for the three frequencies
in step one and the périods (T) determined in step two io enter Figure 2, to determine the spectral
"FromFigure2  S,,/maxaccel.'= 08 Sat 0.14
S, /maxaccel'= 16 Sz 0.29
) S,;/maxaccel'= 14 S.a 0.25
f{eq'uendes '
4 =16 $:=106 ;=086
Ugrae = 01 (Sa1) Uymax 0.2304 ¢
Uzeaze = 92 (S22) Uzmax 0305 g
Uzmz = §3 (Sa‘B) Uzmax 0.217 g
Step five: use the following equation to determine the maximum crest acceleration (Upz.)
[Usred® + (U + (Usmad 1™ = Uy Umax 044 g
Step 5b. First lteration for determining crest acceleration (continued)
Calculate the average equivalent shear strain (v...)eq from the following equalion
(f2:)eq =0.65*0.3*h/V,? (S.s) (Yave)eq 0.043 %

Note: If the shear strain calculated from the above equation does not match the value delermined In Step One it is necessary
o perform a second iteration.

Note: The shear straln obtained from the ahove calculation is generally different from the shear strain determined from using

assumed velocity values and entering Figure 1 as was done In step Il of 5b. If there is a difference between the assumed

shear sirain values and the calculated values, it will be necessary to perform a new iteration using the value obtained from the

above equation to defermine a new set of modulus and damping parameters. Generally, it will take three iterations for the
strain compalible properties to converge.
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Matlock Bend Landfill

Step 5¢. Perform a second iteration so as to determine crest acceleration
From Figure 1: for shear strain calculated in step b, determine G/G.. and damping ()
for shear strain: 0.043 %

GIGax 0.42
A 12 |%
thus GG = (VsVimar)® and 50 VeV = 0.648
~ Vs 566  fps
Therefore the frequencies are as follows:
w;=24(Vs/h) [0} 6.63 rad/sec
Ti=2n/ o Ty 0.95 sec
®;=552(Vs/h) (0] 15.25 rad/sec
Ta=2rlw; Ts 0.41 sec
©3=865(Vs/h) o 23.89 rad/sec
Ta=2r/ ;3 Ts 0.263 sec
Speclral accelerations (S,,) from Figure 2 are as follows:
! From Figure2  S,;/max accel.' = 0.8 Sa 0.144
S,/ maxaccel.'= 17 Sa2 0.306
S,/ maxaccel'= 186 S 0.288
Determine the Crest accelerations (u) for each of the nalural frequencies (w):
6=16  ¢,=1.06 ¢$;=0.86
Ugmze = $1 (Sa1) Uimax 0230 g
Uz = $2 (S22) Uzmax 0.324
Usnze = 93 (Sa3) Usmax 0248 g
Calculate the maximum crest acceleration (Up...)
(Ut * (Uamed” + (Usrzd T = Unse Unnax 0489 g
Calculate maximum shear strain (v...}eq '
(fs)eq=065*03"h/ Vf (Sa1) (Yave)eq 0.058 %

Step 5d. Perform a third iteration so as to determine crest acceleration
From Figure 1: for shear sirain calculated in step 5¢, determine G/G,,., and damping (1)
for shear strain  0.058 %

lellcm 0.44
A 128 |%
thus G/Gma = (Vs/Vmad® and so VeV = 0.663
Ve 579.61 fps
Therefore the frequencies are as follows:
@1=24(Vs/h) oy 6.79 rad/sec
Ti=2nl @y Ty 0.93 sec
®,=552(Vs/h) w3 15.61 radisec
To=2nlw; T2 0.40 sec
©3=865(Vs/h) o3 24 .46 rad/sec
Ta=2rnl0e; Ts 0.257 sec
Speclral accelerations (S,.) from Figure 2 are as follows:
"From Figure2 S,/ maxaccel.'= 075 Sas 0.135
S,,/maxaccel.'= 15 Sw 0.270
S.;/maxaccel'= 16 Sa 0.288
Determine the Crest acceleralions (u) for each of the natural frequencies (o)
$=16  $,=106 ¢$;=086
Uiz = 91 (S) Uma 0216 g
Uzma = §2 (S2) Uzmax 0.286 g
Uznac= 03 (Sp) Usma 0248 g
Calculate the maximum crest acceleration (upz,) ’
(U1ra)® + (U + (U= = U - 0436 g
Calculate maximum shear strain (7...)eq
(Y2.)6q=0.65*0.3*h IVSZ (5a1) (Yavedeq 0.052 %
To 093 sec
G/Gma 0.44
Umax 0436 g
A 128 %
Vs 579.6 fps
(1avc)eq 0.052 %

-
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Step 6.
crest acceleration (U..,) determined in Step 5 and entering into Figure 3
Calculate y/h
height of embankment h 205 ft
depth of failure plane y ft
y/h 0.92
Kmax / Unax from Figure 3
B 0153 g
4 e T . |
LREST
© FE merraz
02}
i g £y
[T =5 .
b0
o0&l .
Betripmel
CE- olg3a -
' [F3 i [-X] ‘_OTG nln o
PGURE 3: V;KATDHOE" umw:mrm RATIO * WITH DEPTH OF
SUDNG MASS
Step 7.
values of k.. and Ty
Calculate K/
Ky 0.14
| 0153 g
0 - Ky/Kmax 0918
. From Figure 4, U/Kma(To)
e — ‘OTAL DEFORMATION - U 0.032 ft
N TS VA . .
A \< 44 OTAL DEFORMATION-U 0.38 inches
NN
§ RO VAN
; S
,;f" oo - 1 \\
S \\
N
N T
m‘) oz 04 [:X3 - 08 ; (I3
Yyfrean i
FGURE 4: YARIATION OF AVERAGE NORMALIZED DISPLACEMENT WITH YIELD
ACCELERATION
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Matlock Bend Landfill

Evaluation of Earthquake Forces on the Slope Stability of Solid Waste Landfills
Step 5. JANBU CIRCLE

Determine the maximum crest acceleralion (U, induced in the embankment and the nalural peried (To) of

the embankment. This can be accomplished by several different methods which include the following:
|. afinite element analysis of the embankment section (Clough and Chopra, 1966; ldress and Seed,

1967)
Il. by a shear slice analysis (Ambraseys, 1960; Seed and Marlin, 1966).

lll. a simpfified approach developed by Makdisi and Seed that lends itself to hand calculations is
presented in the following paragraphs.

Step 5a.

Determine the following embankment and subsurface soil properties;
Yield acceleralion ky, 0.11]g
Height of embankment h 205|ft
Unit weight of waste fill materials K 90) pef

Mass density, p=v/32.2 fi/sec
Maximum shear wave velocity
{obtain from crosshole velocity survey or from approximations using the following relationships):
Gmax = 65 N { taken from Eval. Of Liquifaction Potential by Seed, Idriss, Jour. Of Eng. Div. ASCE, pg 476 )

Gnax = 120 N*® See NavFaq 7.1-89 (Note: G,y Is in TSF) Gmax =| 1422.72 |TSF
(Gunaze! P)'? = Vi Vo= 873.80 FPS
Maximum Horizontal Acceleration, 8. (obtained from Simplified Procedure) amx =018 |g

Step 5b. First Iteration for determining crest acceleration
Perform First lteration
Step one: determine G/G,.,, shear strain, and damping

I. Assume value of v, Ve fps

— - H—Galeulate GIGms = (Ve/Virad® (VSVmax)® = 0.564
Ill. From Figure 1: for calculated G/G,,, determine: shear strain, y .024|%
damping, A 16.7|%
Step two: Calculate the natural frequencies (@) and the associaled natural periods (T)
wy=24(Vg/h) 04 7.68 radlisec
Ty=2al e, Ty 0.82 sec
@;=5.52(Vs/h) @, 17.66 rad/sec
T,=2nl o, T, 0.36 sec
w3=865(Vg/h) [0} 27.68 radlsec
Ta=2alw; T, 0.227 sec

Step three: Determine the speciral accelerations for the three frequencies
in step one and the periods (T) determined in step two to enter Figure 2, o determine lhe speciral

"From Figure 2  S,;/maxaccel.'= 08 S. 0.14
S,./maxaccel'= 18 S.2 0.29
) S.;/maxaccel'= 14 S 0.25
freq‘uencies '
4 =16 $,=106 $;=086
Ugmax = §1 (Sar) Ugmax 0.2304 g
Upnax = 02 (Si2) Uzmax 0305 g
Uspriae = ‘>3 (SaH) Uzmax 0217 g
Step five: use the following equation to determine the maximum crest acceleration (Uqx.)
(Utra)® + () + (Uarzd"™ = Umse Upnax 044 g

Step 5b. First Iteration for determining crest acceleration (continued)
Calculate the average equivalent shear strain {y..)eq from the following equation
(fase)eq = 0.65* 0.3* h/ V.2 (S,) (faveleq 0.043 %

Nofe: Ifthe shear strain calculated from the above equation does not match the value determined in Step One it is necessary

to perform a second iferation.

Note: The shear strain obtained from the above calculation is generally different from the shear strain determined from using

assumed velocify values and entering Figure 1 as was done in step Il of 5b. If there is a difference between the assumed

shear strain values and the calculated vaiues, it will be necessary to perform a new iteration using the value obtained from the
above equation to determine a new set of modulus and damping parameters, Generally, it will take three iterations for the

strain compatible properties {0 converge.
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Matlock Bend Landfill

Step 5c. Perform a second iteration so as to determine crest acceleration
From Figure 1: for shear strain calculated in step 5b, determine G/G..., and damping (1)

thus G/Gpmax = (V/Vand)® aNd $0 VgV, =

Therefore the frequencies are as follows:
wy;=24(Vs/h)
Ti=2r/l 0w
©;=5.52(Vs/h)
T,=2nl o,
©3=8.65(Vs/h)
Ti=2n/w;
Speclral accelerations (S,,) from Figure 2 are as follows:
"From Figure2  S,,/maxaccel.'= 08
S,2/ max accel,' = 16
S,;/maxaccel'= 14

SANTEK

WasteServices

Determine the Crest acceleralions (u) for each of the nalural frequencies (o):

6;=16 & =1.06
Ui = 01 (Sa1)
Uppag = 62 (Saz)
Uzray = 3 (Sz3)
Calculate the maximum crest acceleration (u-)
[(U1m2)” + (Uamad” + (Usa) 1" = U
Calculale maximum shear strain (y...)eq
(far)eq =0.650.3* 1 /V;? (Syy)

$:=0.86

Step 5d. Perform a third iteration so as to determine crest acceleration
From Figure 1: for shear strain calculated in step 5¢, determine G/G.., and damping (%)

thus GIG e = (Ve/Vimsd)? 2nd §0 VeV o, =

Therefore the frequencies are as follows:
@;=24(Vs/h)
T1 =2n/ Wy
@,;=552(Vs/h)
To=2nlw;
@3=885(Vs/h)
Ta=2nlw;
Speclral accelerations (S,,) from Figure 2 are as follows:
"From Figure2 S, /maxaccel'= 08
S.,,/maxaccel'= 17
8.3/ max accel.' = 1.4

Determine the Crest accelerations (u) for each of the nalural frequencies (o):

$1=186 4, =1.06
Uypnae = ¢1 (SM)
Uprmae = 92 (S2)
Uzmae = ¢3 (Sai)
Calculate the maximum crest acceleration (Upz.)
[ + (Uzrad® + (Uamad T = U
Calculate maximum shear slrain (y...)eq
(#2:2)69 = 0.65 *0.3*h / V2 (Say)

4= 0.86

for shear strain:  0.043 %
GIGax 0.42
A 12 %
0.648
~ Vs 566 fps
@y 6.63 radlsec
Ty 0.95 sec
(07 16.25 rad/sec
Tz 0.41 sec
3 23.89 rad/sec
Ts 0.263 sec
Sa 0.144
8.2 0.288
S.3 0.252
Uqmax 0230 g
Uzmax 0305 g
Usmax 0217 g
Umax 0440 g
(Yave)eq 0.058 %
forshearstrain  0.068 %
GiGpray 0.48
A 14 %
0.693
=~ Vg 605.39 fps
Wy 7.09 rad/sec
T 0.89 sec
Wy 16.30 rad/sec
T, 0.39 sec
W3 25.54 radlsec
T, 0.246 sec
Sa 0.144
S 0.306
Sa 0.252
Uqmae 0230 g
Uzmae 0324 g
Uzmze 0217 g
Upae 0453 g
(faveleq 0051 %
To 0.89 sec
G/Gmaz 0.48
Upax 0453 g
A 14.0 %
Vs 605.4 fps
(Yaveleq 0.051 %
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Step 6.
crest acceleralion (u.,,) determined in Step 5 and entering into Figure 3
Calculate y/h
height of embankment h 205 ft
depth of failure plane y it
y/h 0.92
5 Kinac ! Umae. from Figure 3
o&%& e Kinax 0159 g
0.2
[+ 2 =
wn
06
o8
L
o -
. VearfVen
FIGURE 3: VARIATION OF ™ MAXSMUM ACCELERATION RATIO ™ WITH DEPTH OF
SLIDING LIASS
Step 7.
values of k.., and Tg
Calculate Ky/kmax
o k, 0.11
Kmnax 0159 g
\\
; \\ S k)jkmax 0.694
~, H-8Y,
\\\< /—?’:‘a From Figure 4, U/K,.,(T. o)
jo \\(“* TOTAL DEFORMATION -U 0.407 ft
o SN — TOTAL DEFORMATION-U 4.89 inches
008
G oz [T} o « OB 10

Y1z '

FIGURE 4: VARIATION OF AVERAGE NORMALZED DiSPLACEMENT WITH YIELD
ACCELERATION

WasteServices
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Matlock Bend Landfill

Evaluation of Earthquake Forces on the Slope Stability of Solid Waste Landfills Viaslazioivicdn
Step 5. SPENCERS METHOD

Determine the maximum crest acceleration (U....) induced in the embankment and the natural period (Tg) of

the embankment. This can be accomplished by several different methods which include the following:
I. afinite element analysis of the embankment seclion (Clough and Chopra, 1966; Idress and Seed,
1967)

Il. by a shear slice analysis (Ambraseys, 1960; Seed and Martin, 1966).

lll. a simplified approach developed by Makdisi and Seed that lends itself to hand caleulations is
presented in the following paragraphs.

Step 5a.

Determine the following embankment and subsurface soil properiies;
Yield acceleralion Ky, 0.13|g
Height of embankment h 205|ft
Unit weight of waste fill materials Y 90| pef

Mass densily, p =y /32.2 fsec
Maximum shear wave velocity
(obtain from crosshole velocity survey or from approximations using the following relationships):
Gmax =65 N ( taken from Eval. Of Liquifaction Potential by Seed, ldriss, Jour. Of Eng. Div. ASCE, pg 476 )

Gpmae = 120 N*® See NavFaq 7.1-89 (Note: G, is in TSF) Gmax =| 142272 |TSF
(Grsc! )% = Viras Vinaxe 873.80 EPS
Maximum Horizontal Acceleration, a,., (obtained from Simplified Procedure) amax=__0.18_Jg

Step 5b. First Iteration for determining crest acceleration
Perform First Iteration
Step one: determine G/G,..., shear strain, and damping

I. Assume value of v, vo [ ess|ips FROM USGS MAP

II. Calculate G/G,. = (VelVead? (VS/Vmax)? = 0.564
lll. From Figure 1: for calculated G/G,..,, determine: shear strain, v .024]%
damping, A 16.7|%
Step two: Calculate the nalural frequencies (o) and the associated nalural periods (T)

@y=24(Vglh) @4 7.68 rad/sec
Ti=2nlw, Ty 0.82 sec
w;=5.52(Vg/h) [0 17.66 radfsec
Ta=2nlw, T, 0.36 sec
w3 =8.65(Vs/h) (07 27.68 rad/sec
Ta=2r/ w03 T, 0.227 sec

Step three: Determine the spectral accelerations for the three frequencies
in step one and the periods (T) determined in step two to enter Figure 2, to determine the speclral

'From Figure2  S,,/maxaccel.'= 038 Sat 0.14
S../maxaccel'= 16 Sa2 0.29
) S.a/maxaccel'= 14 Bas 0.25
freq.uencies '
6 =16  &;=106 8;=086
Uz = 01 (Sa9) Ugmax 02304 g
Uzreze = 2 (Sa) Uzmax 0305 g
Uarae = ¢3 (SaH) Usmax 0217 g
Step five: use the following equalion to determine the maximum crest acceleration (U;.2.)
[(Usred® + (Uznad® + (Usmad]"? = U Unnax 044 g

Step 5b. First lteration for determining crest acceleration (continued)
Calculate the average equivalent shear strain (y..)eq from the following equation
{r2e)8q = 0.65* 0.3 *h /V*(Sy) (Yave)eq 0.043 %

Note: If the shear strain calculated from the above equation does not match the value determined in Step One it Is necessary
fo perform a second iteration.

Note: The shear strain obtained from the above calculation is generally different from the shear strain defermined from using
assumed velocily values and entering Figure 1 as was done in step Ill of 5b. if there is a difference between the assumed
shear strain values and the calculated values, it will be necessary to perforn a new iteration using the value oblained from the
ahove equation to defermine a new set of modulus and damping parameters. Generally, it will take three iferations for the
strain compatible properties to converge.
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Step 5¢. Perform a second iteration so as to determine crest acceleration

From Figure 1: for shear strain calculated in step &b, determine G/G,. and damping ()

W
>
Z
-
m
~

3
%

WasteServices

thus GIG ax = (Vs/Vimax)® and 50 ViV =

Therefore the frequenciss are as follows:
©;=24(Vs/h)
T1 =2nl (oF]
@;=5.52(Vs/h)
T2 = 21‘[."&}2
®3;=865(Vs/h)
T3 =2zl W3
Spectral accelerations (S.,) from Figure 2 are as follows:
'From Figure2 S, /maxaccel.'= 08
S,/ maxaccel.'= 139
S.;/maxaccel.'= 17

Determine the Crest accelerations (u) for each of the nalural frequencies (o):

=186 $=1.06 ¢;=0.86
Uz = ¢1 (Sa1)
Upmae = ‘:’2 (Sez)
Ugma = ¢3 (Sa3)
Calculate the maximum crest acceleration (up.~)
[(U1mad? + (U2mad® + (U2 ] = Upine
Calculate maximum shear strain (y,..)eq
(f2:c)29 = 0.65 * 0.3 *h/ V.2 (S,)

Step 5d. Perform a third iteration so as to determine crest acceleration

From Figure 1: for shear strain calculated in step 5¢, determine G/G.., and damping (1)

1US GIG e = (Vs/Vinx)? 20d 50 VeV, =

Therefore the frequencies are as follows:
@, =24 (Vs/h)
Ti=2r/ w4
w;=552(Vs/h)
Ta=2nlo;
®3=8.65(Vs/h)
Ti=2ilw;
Spectral accelerations (S,,,) from Figure 2 are as follows:
"From Figure2  8,,/maxaccel.'= 08
S.,/ max accel.' = 1.9
S.;fmaxaccel.'= 17

Determine the Crest accelerations (u) for each of the natural frequencies (w):

¢ =16 $;=1.06 $3=0.86
Uirae = $71 (Sat)
Uz = $2 (S2)
Uzrae = $3 (Sa3)
Calculate the maximum crest acceleration (u..)
[(Utrmn)® + (Uame)® + (Uamed T = Upnze
Calculate maximum shear strain (y.,.)eq
(2:2)80 = 0.65 * 0.3 h 1V (Sy)

for shear strain: ~ 0.043 %
GIGax 042
A 12 %
0.648
s Vs 566 fps
[0F] 6.63 rad/sec
T, 0.95 sec
w3 15.25 rad/sec
T2 0.41 sec
®3 23.89 rad/sec
T, 0.263 sec
Sa1 0.144
Siz 0.342
S 0.306
Wimax 0230 g
Uzmax 0363 g
Usmax 0263 g
Umax 0504 g
(Yave)OqQ 0.058 %
for shear strain_ 0.058 %
GlGpx 0.46
2 13.5 |%
0.678
o Vs 692.64 fps
on) 6.94 rad/sec
T 0.91 sec
w; 15.96 rad/sec
Tz 0.39 sec
w3 25.01 rad/sec
T 0.251 sec
8a4 0.144
So 0.342
Sa3 0.306
Uy 0230 g
Uppize 0.363 g
Uz 0263 g
Upnae 0504 g
(Yaveleq 0053 %
To 091 sec
G/Grax 0.46
1 0.504 g
b3 135 %
Vs 592.6 fps
(avelea 0.053 %

: _NmiT
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height of embankment h 205 ft
depth of failure plane y ft
y/h 0.83
Kemax f Umar, from Figure 3
Kenax 0176 g

Step 6.
crest acceleralion (u,.,) determined in Step 5 and entering into Figure 3
Caleulate yh
4- o o T
CREST
) O FERetrcd
oz

o8

“Sraer Srce”
(rosge for of G2t3)

SLIDING MASS

Step 7.

1
05

. g /¥
AGUAE 3: YARIATION OF " MAXIMUU ACCELERATION RATIO ™ WITH DEPTH OF

os

Lo

values of k., and Ty

Calculate K /Knyex

N

Wy g+ Angmnd s

N

T

T

Yrean f

FOURE & YARLATION OF AVEAMSE NORMALZED INSPLACEMENT WITH YELD
ACCELERATICH

K, 0.13
Kmax 0176 g
kfkmae  0.737

From Figure 4, Ulkmx(To)
TOTAL DEFORMATION -U 0.044 ft
TOTAL DEFORMATION-U 0.52 Inches

OUSE ENGINEERING LLC
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INTRODUCTION

This document has been prepared to screen the potential of the soils which underlay the proposed expansion of the Santek
Environmental, Inc. Matlock Bend Class | Landfill (MBLF) to undergo liquefaction under earthquake induced motions.
Liquefaction is a phenomenon most often observed in shallow, loose, saturated deposits of cohesionless soils (sands or
silts, sometimes gravels) subjected to strong ground motions in large magnitude earthquakes. The severe shaking induced
by the earthquake increases pore pressures and reduces effective siress between solid particles generated by the presence
of liquid.

Geologically, the MBLF is situated in the valley and ridge physiographic province of Tennessee. More specifically, the
landfill is located at 21712 Highway 72 N near Loudon, Tennessee.

The following paragraphs outling a liquefaction screening procedure for the soils that underlay the MBLF Class | Landfill.
The “screening procedure” was performed as per the procedure detailed in the “RCRA SUBTITLE D (258) SEISMIC DESIGN
GUIDANCE FOR MUNICIPAL SOLID WASTE LANDFILL FACILITIES” prepared by Richardson, Kavazanjian and Matasovic for
the U. S. Environmental Protection Agency (USEPA).

INITIAL SCREENING

The first step in any liquefaction evaluation is to assess whether the potential for soil liquefaction exists at the site. A
variety of screening techniques exists to distinguish sites that are clearly safe with respect to liquefaction from those sites
that require more detailed study (e.g., Dobry etal., 1980). Five major screening criteria which are commonly used to make

this assessment are addressed in the following pages:

1. Geologic age and origin. Liquefaction potential decreases with increasing age of a soil deposit. Pre-
Holocene age soil deposits generally do not liquefy, though liquefaction has occasionally been observed in
Pleistocene-age deposits. Table 5.1 presents the liquefaction susceptibility of soil deposits as a function of

age and origin (Youd and Perkins, 1978).

MATLOCK BEND CLASS | LANDFILL Civil. & Bisavamisntal
CEC Project Number 090-604 Consultants, Ine.
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Table 5.1 Estimated Susceptibility of Sedimentary Deposits to Liquefaction During
Strong Seismic Shaking (Youd and Perkins, 1978).
Likelihood that Cohesionless Sediments,
Genéral dis- When.Saturatc::d. Would Be Suscepfible
wibution of to Liquefaction (by Age of Deposit)
cohesionless Pre-.
Type of sediments Pleis- pleis-
deposit in deposits <500 yr | Holocene tocene tocene
(1) (2) (3) (4) (5) (6)
~ (a) Continental Deposits
River channél | Locally variable | Very high | High Low Very low
Flood plain Locally variable | High Moderate | Low Very low
Alluvial fan and
plain Widespread Moderate | Low Low-- Very low
Marine terraces |
and plains Widespread — Low Very low | Very low
Delta and fan- . '
delta Widespread High Moderate | Low Very low
Lacustrine and _
playa Variable High Moderate | Low Very low
Colluvium Variable High Moderate | Low Very low
Talus Widespread Low Low Very low | Very low
Dunes Widespread High Moderate | Low Very low
Loess Variable High High High Unknown
Glacial till Variable Low Low Very low | Verylow
Tuff Rare Low Low Very low | Very low
Tephra Widespread High High ? ?
Residual soils Rare Tow Low Very low | Very low
Sebka Locally variable | High Moderate | Low Very low
' (&) Coastal Zone
Delta Widespread Very high | High Low Very low
Esturine Locally varable | High Moderate | Low Very low
Beach
High wave
energy Widespread Moderate | Low " Very low | Very low
Low wave
energy Widespread High Moderate | Low Very low
Lagoonal Locally variable | High Moderate | Low Very low
Fore shore Laocally variable | High Moderate | Low Very low
(¢) Artificial
Uncompacted fill| Variable Very high — — —
Compacted fill | Variable Low — — —
2

Civil & Environmental
Consultants, Inc.
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A review of published information and data generated from the Hydrogeologic investigations reveals that the
soil overburden materials which blanket the site are residual clay soils developed during the Ordovician Age
of the Paleozoic Era which is a Pre-Pleistocene period approximating 425 to 500 million years ago. An
inspection of Table 5.1 reveals that the residual site soils from the Pre-Pleistocene Epoch have a very low
likelihood for liquefaction. Therefore, based on the geologic age and origin criteria of the site soils, there is a

very low potential for liquefaction.

2. Fines content, liquid limit and in-place soil moisture content. The fines content, liquid limit and in-place
moisture content of soils provide a viable means to screen the soils at a site for liquefaction potential. Soils
with clay contents (particle size <0.005 mm) are considered non-liquefiable. Based upon the “Chinese
Criteria” (Seed and Idriss, 1982) clayey soils having all of the following characteristics may be susceptible to
strength loss and liquefaction.

a. Percent finer than 0.005 mm less than 15 percent

b. Liquid limit less than 35 percent, and

¢. an in-situ water content greater than 0.9 times the liquid limit
The parameters listed above which are specific to the Matlock Bend Landfill are provided in Table 2 Summary of
Lab Test Data for reference and review. The following paragraphs address each of the clay soil screening

parameters listed above.

2a. Percentage of Clay Fraction in the Site Soils

Perhaps the most critical screening criteria for liguefaction potential is the percent clay content (percent
finer than 0.005 mm). As previously stated, soils with percentages of clay greater than 15 percent are
not considered liquefiable. A review of the Hydrometer test results on the samples taken within the
limits of the waste footprint revealed percent clay contents that exceeded 15 percent. Only one sample
taken outside of the proposed waste footprint revealed a percent clay content less than 15 percent.
Based upon the percent clay criteria, the site soils are not susceptible to liquefaction.

MATLOCK BEND CLASS | LANDFILL il % Buvleonisit
CEC Project Number 090-604 Consultants, Inc.
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Table 2: Summary of Lab Test Data

= FJ M-
g8 IN-PLACE| PLACE
9g UNFIED OPTIMUM | ynr | unIT v LAY sotL | NATURAL
e boting | SAMPLE soiL Pocket | MAX DRY | MOISTURE | \WEIGHT | WEIGHT | % FINER | % FINER | (parTicLEs | MOISTURE | LIQUID| PLASTIG | PLASTICITY | osx | DEGREEOF
g% BORIKG elevation | DEPTH |SAMPLE| cLASS |Penetremster| DENsITY | CONTENT [ pRY | WET | MO.4 | NO.200 | Finerocos | CONTENT | LIMIT | LIMIT INDEX LIQUID | SATURATION
= NUMBER (ftms) (FT) TYPE | (uScs) (tsf) {PCF) @% (pcF) | (PCR) | SIEVE | SEVE 1) (%) LL | PL Pl L (%)
B-58 8766 35 sT cL 102 | 126 | €02 57 34 24 43 2 21 216 7
BS§ 8766 | 28295 | SS cL 15 99 §0.3 59.9 % 52 23 24 32.40
B-58 8166 |cowose| BAG | CLCH 9.0 235 £0 23 2 0.00
B-59 s23.92 | 2729 ss cL 35 8.7 752 49.3 23 54 2 % 2520
B-59 €942 |cowposTE| Big cL 107.5 16.8 41 21 20 0.00
B-61 e0sd | 3234 sT cL 839 | &3 30 57 3t 2% 27.00 89.10
B62 92867 | 18185 s cL 45 22 €36 436 2 56 30 2 19.80
2 B-62 92667 | 28285 55 cL 63.1 23 9.9 13 1] % 2 11.70
g B63 03527 | 18185 88 cL 4 755 53.4 25 23 48 2% 2 270
g B4 94456 |cowrosE| Bag cL 106.2 17.8 42 22 20 0.00
ﬁ B64 9456 | 3453 ST cL 1007 | 1012 25 65 29 2 2340 104.70
B45 04361 | 13-145 B OH 45 3t 51 0 21 2190
B65 94361 | 32395 88 cL 35 34 52 23 24 3060
B&5 019.14 | 2832 BAG cL 109.0 174 40 21 19 0.00
B67 912.31 17-19 sT cH 872 | 855 | o713 69.3 565 2 63 £} 0 2380 92.10
B63 90442 | 14167 sT OH 955 | 843 27 51 31 20 2430 95.40
B63 80442 | 29305 s$ cL 1 3 42 20 2 27.00
868 92483 |cowposE| BAG | CLCH 101.1 21.8 50 2% 24 0.00
8 SB47 9034 68 BAG oL 1148 14.1 s @0 NA 152 244 | 145 9.9 1368
' 5847 203.4 1012 sT cL £ 65 NA 30.1 518 | 263 255 27.09
PZ-51 €257 3435 sT cL ] 70 553 | s 238 0.00
t £ 4 $B-52 @288 2022 BAG cL 104.3 19.4 %25 62 NA 284 434 | 233 20.1 2556
i $B-53 8572 2528 ST ML &7 76 NA 404 | 268 126 0.00
£ $8-55 €249 79 ST cL
va’a‘ = 8- 9782 055 | BAG cL 687 25 904 652 321 45 24 21 2889
ag
5 B 9782 0550 | BAG cL 88.7 2§ 0.4 652 324 45 24 21 2889
KNOTES: ST - SHELBY TUBE 55 - SPLIT SPOON BAG- BULK SOILSAMPLE NIA-KOT AVALABLE 55 - §PLIT SPOON SAMPLE NP - NOT PLASTIC

2b. Liquid Limit of Site Soils Examination

Soils with liquid limits less than 35 are considered to be potentially susceptible to liquefaction. A review
of the liquid limits of the site soils revealed that only one of the on-site soil samples tested had a liquid
limit less than 35. Most of the soil samples exhibited liquid limits that far exceeded 35. Therefore,
based upon the liquid limit criteria, the site soils would not be susceptible to liquefaction.

2¢. In-Situ Water Content Greater than 0.9 times the Liquid Limit

None of the samples obtained at the site had natural moisture contents that exceeded 90% of the liquid
limit which is indicative of soils with a potential for liquefaction. However, it should be noted that
surface effects from liquefaction are not likely to occur more than 50 ft (15 m) below the ground surface.
Therefore, the in-situ water content of the site soils does not present a condition that is susceptible to

liquefaction.

MATLOCK BEND CLASS | LANDFILL T TEE
CEC Project Number 090-604 Consultants, Inc.
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% 3. Degree of Saturation. Although partially saturated soils have been reported to liquefy, at least 80 to

85 percent saturation is generally deemed to be a necessary condition for soil liquefaction. An
inspection of Table 2 reveals that each of the samples taken during the most recent Hydrogeologic
Investigation exceeded 85 percent saturation. Therefore, based upon this criterion alone, the soils

would be susceptible to liquefaction.

. Depth below ground surface. Again, to reiterate, surface effects from liquefaction have not been
reported below 50 feet (15 meters). Based on a review of the Hydrogeologic Investigations
performed at the site it appears that there are no liquefiable sand layers within 50 feet of the base of
the proposed landfill expansion. Therefore, the “depth below the surface criteria” suggests there is

little risk of liquefaction.

. Soil Penetration Resistance. According to the data presented in Seed and Idriss (1985), liquefaction
has not been observed in soil deposits having normalized Standard Penetration Teét (SPT)
blowcount, (N, )g, larger than 22. Marcuson, et al. (1990) suggest a normalized SPT value of 30 as
the threshold value above which liquefaction will not occur. However, Chinese experience, as
quoted in Seed et al. (1983), suggests that in extreme conditions liquefaction is possible in soils
having normalized SPT blow counts as high as 40. Shibata and Teparska (1998), based on a large
number of observations, conclude that no liquefaction is possible if normalized Cone Penetration
Test (CPT) cone resistance, q,, is larger than 157 tsf. This CPT resistance corresponds to
normalized blow counts between 30 and 60, depending on the grain size of the soil. Examining the
borehole logs developed from the Hydrogeologic Investigations at the MBLF revealed a number of
SPT blow counts that were below 22. Therefore, based solely upon the soil penetration criteria there

is a potential for liquefaction.

SUMMARY

5
MATLOCK BEND CLASS | LANDFILL
CEC Project Number 090-604

(cohesive) soils have been reported, this site was screened for liquefaction potential.
The liquefaction screening procedure detailed in the previously referenced EPA SEISMIC DESIGN GUIDANCE FOR
MUNICIPAL SOLID WASTE LANDFILL FACILITIES manual indicates that if three or more of the five liquefaction

The purpose of this document is to evaluate whether the potential for liquefaction exists at the MBLF site.
Generally, liquefaction is limited to cohesionless soils. However, since reports of liquefaction of fine grained

Civil & Environmental
Consultants, Inc.
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screening criteria indicate that liquefaction is not likely, the potential for liquefaction is considered small. A
review of each of the criteria reveals that the potential for liquefaction is low since three of the criteria indicated a
“not likely” conclusion. This conclusion is realistic since the overall characteristics of the site soils are fine
grained cohesive materials. However, the Seed and Idriss liquefaction screening criteria for fine grained soils
also indicated that the site soils were not likely to undergo liquefaction. As previously described, the Seed and
driss established criteria referred to as the “Chinese Criteria indicated that fine grained soils susceptible to

liquefaction must satisfy each of the following criteria;

(1) Less than 15% clay content,
(2) Liquid limit less than 35 percent, and
(3) An in-situ water content greater than 0.9 times the liquid limit.

Therefore, since none of the site soils satisfied any of the three “Chinese Criteria” it has been determined that a
further evaluation of liquefaction at the MBLF is not necessary. This conclusion is in keeping with the Tennessee
Division of Solid Waste Management's (TDSWM) “Earthquake Evaluation Guidance Policy” prepared by House in
1993.

MATLOCK BEND CLASS I LANDFILL Civil‘& Environmental
GEG Project Number 090-604 Consultants, Inc.
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SOIL LOSS CALCULATIONS
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Universal Soil Loss Calculations

Project: Matlock Bend Proposed Expansion
Application: Soil Loss
Date: February 6, 2013

Calculations by:  Jeff Williams

EQUATION-X=R*K*LS*C*P

R = RAINFALL EROSION INDEX (Figure 20)
K = SOIL ERODIBILITY INDEX (Table 5, )
LS = SLOPE GRADIENT AND LENGTH FACTOR (Table 6)

C = CROP MANAGEMENT FACTOR (Table 7)
P = EROSION CONTROL FACTOR (Table 8)
X =SOIL LOSS IN TONS / ACRE / YEAR

Proj. #

200
0.295
5.58

0.004

1.000
1.32

140-334
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K Factor, Whole Soil—Loudon County, Tennessee
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K Factor, Whols Soil-Loudon County, Tennesses

K Factor, Whole Soil
K Factor, Whole Soll— Summary by Map Unit — Loudon Gounty, Tennessee
Map unit symbol Map unit name Rating Acres in AOI Percent of AO!

CaD CLARKSVILLE CHERTY SILT LOAM, (32 3.7 3.0%
MODERATELY STEEP PHASE

CaE CLARKSVILLE CHERTY ST LOAM, (.32 0.9 0.7%
STEEP PHASE

Em EMORY SILT LOAM 37 3.2 2.6%

FcC FULLERTON CHERTY SILT LOAM, .28 10.0 8.1%
SLOPING PHASE

FcD FULLERTON CHERTY SILT LOAM, .28 14.3 11.6%
MODERATELY STEEP PHASE

FcE FULLERTON CHERTY SILT LOAM, 28 38.5 31.2%
STEEP PHASE

FsC FULLERTON SILT LOAM, SLOPING 32 8.6 7.0%
PHASE (DEWEY)

Fsk FULLERTON SILT LOAM, STEEP 32 318 25.7%
PHASE (DEWEY)

Ge GREENDALE CHERTY SILT LOAM 28 5.5 4.4%

MrC2 MINVALE CHERTY SILT LOAM, .28 1.5 12%
ERODED SLOPING PHASE

MsGC2 MINVALE SILT LOAM, ERODED .32 1.9 1.6%
SLOPING PHASE

NoC NOLICHUCKY GRAVELLY FINE 20 3.7 3.0%
SANDY LOAM, SLOPING PHASE

Totals for Area of Interest 123.4 100.0%

Description

Erosion facior K indicates the susceptibility of a soil to sheet and rill erosion by
water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation (RUSLE) to predict the average
annual rate of soil loss by sheet and rill erosion in tons per acre per year. The
estimates are based primarily on percentage of silt, sand, and organic matter and
on soil structure and saturated hydraulic conductivity (Ksat). Values of K range from
0.02 to 0.63. Other factors being equal, the higher the value, the more susceptible

the soil is to sheet and rill erosion by water.

"Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The

estimates are modified by the presence of rock fragments.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

USDA  Natural Resources
Conservation Service

Web Soil Survey 2.2
National Cooperative Soil Survey

5/21/2009

Page 3 of 4



K Factor, Whole Soil-Loudon County, Tennessee

Tie-break Rule: Higher
Layer Options: All Layers

USDA  Natural Resources Web Soil Survey 2.2 5/21/2009
Conservation Service National Cooperative Soil Survey Page 4 of 4



KFACTOR

AREA
K ) K*AREA
032 37 T.184
0.32 0.9 0.288
0.37 32 1,184
0.28 10 28
0.28 143 4,004
0.28 18.5 10.78
0.32 8.6 2,752
0.32 31.8 10.176
0.28 55 .54
0.28 L5 0.42
0.32 1.9 0.608
0.2 37 0.74
WHIGHTEDIC ) 70s 123.6 36.476

FACTOR
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CFACTOR

Cover management, “C” factors
Mulch Rate Land Slope  Max Length

Type of Mulch (tons/acre) (%) (ft) C Factor
None 0.00 all - 1.00
Poor grass - - - 0.01
Good grass - - - 0.004
GECB * consult manufacturer
Straw/hay 1.00 39818.00 200.00 0.20
Straw/hay 1.00 39974.00 100.00 0.20
Straw/hay 1.50 39818.00 300.00 0.12
Straw/hay 1.50 39974.00 150.00 0.12
Straw/hay 1.50 39818.00 400.00 0.06
Straw/hay 2,00 39974.00 200.00 0.06
Straw/hay 2.00 40132.00 150.00 0.07
Straw/hay 2.00 16-20 100.00 0.11
Straw/hay 2.00 21-25 75.00 0.14
Straw/hay 2.00 26-33 50.00 0.17
Straw/hay 2.00 34-50 35.00 0.20
Crushed stone 135.00 <16 200.00 0.05
Crushed stone 135.00 16-20 150.00 0.05
Crushed stone 135.00 21-33 100.00 0.05
Crushed stone 135.00 34-50 75.00 0.05
Crushed stone 240.00 <21 300.00 0.02
Crushed stone 240.00 21-33 200.00 0.02
Crushed stone 240.00 34-50 150.00 0.02
Wood chips 7.00 <16 75.00 0.08
Wood chips 7.00 16-20 50.00 0.08
Wood chips 12.00 <16 150.00 0.05
Wood chips 12.00 16-20 100.00 0.05
Wood chips 12.00 21-33 75.00 0.05
Woeod chips 25.00 <16 200.00 0.02
Wood chips 25.00 16-20 150.00 0.02
Wood chips 25.00 21-33 100.00 0.02

Wood chips 25.00 34-50 75.00 0.02
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ATTACHMENT B

REVISED HYDROLOGIC AND HYDRAULIC CALCULATIONS

Civil & Environmental Consultants, Inc.
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Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3

Friday, 02/7 /2014

“'yd. No. 12

Perimeter Ditch 16

Hydrograph type = SCS Runoff Peak discharge = 7.755 cfs

Storm frequency = 25yrs Time to peak = 718 min

Time interval = 2 min Hyd. volume = 15,574 cuft

Drainage area = 1.920 ac Curve number =70

Basin Slope = 0.0% Hydraulic length = 0ft

Tc method = User Time of conc. (Tc) = 5.00 min

Total precip. = 5.46in Distribution = Type Il

Storm duration = 24 hrs Shape factor = 484

Perimeter Ditch 16

Q (cfs) Hyd. No. 12 -- 25 Year Q(sfs)
8.00 8.00
6.00 6.00
4.00 4.00
2.00 2.00
0.00 0.00

0 120 360 480 600 960 1080 1200 1320 1440 1560
Time (min)

e Hyd No. 12



Channel Report

Hydraflow Express by Intelisolve Friday, Feb 7 2014
\ itch 16

Trapezoidal Highlighted

Botom Width (ft) = 2.00 Depth (ft) = 0.49

Side Slopes (z:1) = 3.00, 3.00 Q (cfs) = 8.000

Total Depth (ft) = 2.00 Area (sqft) = 1.70

Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.71

Slope (%) = 3.00 Wetted Perim (ft) = 5.10

N-Value = 0.026 Crit Depth, Yc (ft) = 0.60

Top Width (ft) = 4.94

Calculations EGL (ft) = 0.83
Compute by: Known Q

Known Q (cfs) = 8.00

Elev (ft) Saction Depth (ft)

00 3.00

102.50 2.50
102.00 2.00
101.50 \\ /, 1.50

101.00 \ / 1.00

10050 N— = |/ 050

100.00 0.00

99.50 -0.50
0 2 4 6 8 10 12 14 16 18

Reach (ft)



Culvert Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Friday, Feb 7 2014
( ulvert C-6

Invert Elev Dn (ft) = 1004.00 Calculations

Pipe Length (ft) = 80.00 Qmin (cfs) = 8.00

Slope (%) = 1.88 Qmax (cfs) = 8.00

Invert Elev Up (ft) = 1005.50 Tailwater Elev (ft) = (dc+D)/2

Rise (in) = 18.0

Shape = Circular Highlighted

Span (in) = 18.0 Qtotal (cfs) = 8.00

No. Barrels =1 Qpipe (cfs) = 8.00

n-Value = 0.024 Qovertop (cfs) = 0.00

Culvert Type = Circular Corrugate Metal Pipe  Veloc Dn (ft/s) = 4.92

Culvert Entrance = Headwall Veloc Up (ft/s) = 5.79

Coeff. K,M,c,Y k = 0.0078, 2, 0.0379, 0.69, 0.5 HGL Dn (ft) = 1005.30
HGL Up (ft) = 1006.60

Embankment Hw Elev (ft) = 1007.30

Top Elevation (ft) = 1008.00 Hw/D (ft) = 1.20

Top Width (ft) = 24.00 Flow Regime = Inlet Control

Crest Width (ft) = 20.00

(

Elev (ft) Culvert C-6 Hw Depth (ft)
1009.00 350
1008.00 250

Inlet control
1007.00 — 1.50
1006.00 — 050
1005.00 — £0.50
1004.00 — -150
1003.00 2.50

10 20 30 0 50 60 70 80 9% 100 110 120
Embank

Circular Culvert

Reach (ft)



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3 Friday, 02/7 /2014
yd. No. 15

Downchute A2

Hydrograph type = Combine Peak discharge = 73.76 cfs

Storm frequency = 25yrs Time to peak = 722 min

Time interval = 2min Hyd. volume = 212,428 cuft

Inflow hyds. =1,2,3,4,56 Contrib. drain. area = 24.470 ac

Downchute A2

Q (cfs) Hyd. No. 15 -- 25 Year K (cfs)

80.00 80.00
*.00 70.00

60.00 60.00

50.00 50.00

40.00 40.00

30.00 30.00

20.00 20.00

10.00 10.00
0.00 - — - 0.00

0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560 ‘

Time (min)
== Hyd No. 15 == Hyd No. 1 e Hyd No. 2 e Hyd No. 3

== Hyd No. 4 === Hyd No. 5 - - Hyd No. 6



Channel Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

AXIMUM DOWNCHUTE

Circular
Diameter (ft)

Invert Elev (ft)
Slope (%)
N-Value

Calculations

Compute by:
Known Q (cfs)

Elev (ft)

2.00

100.00
30.00
0.012

mtu

Known Q
= 73.80

Section

Highlighted
Depth (ft)

Q (cfs)

Area (sqft)
Velocity (ft/s)
Wetted Perim (ft)
Crit Depth, Yc (ft)
Top Width (ft)
EGL (ft)

I mwwnwmnwunim

103.00

102.50

102.00

101.50

E

/LN

101.00

/

100.50

—
N

100.00

99.50

Reach (ft)

Friday, Feb 7 2014

1.06
73.80
1.70
43.44
3.27
2.00
2.00
30.39

Depth (ft)

3.00

2.50

2.00

1.50

1.00

0.50

0.00

-0.50



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3

'yd. No. 4
Downchute @ DS8

Friday, 02/7 /2014

Hydrograph type = SCS Runoff Peak discharge = 45.13 cfs

Storm frequency = 25yrs Time to peak = 720 min

Time interval = 2min Hyd. volume = 103,308 culft

Drainage area = 11.940 ac Curve number = 70

Basin Slope =00% Hydraulic length = 0ft

Tc method = TR55 Time of conc. (Tc) = 7.70 min

Total precip. = 5.46in Distribution = Type Il

Storm duration = 24 hrs Shape factor = 484

Downchute @ DS8

CH{els) Hyd. No. 4 -- 25 Year Q (afs)

50.00 50.00

40.00 40.00

30.00 30.00

20.00 20.00

10.00 10.00

0.00 0.00
0 120 240 360 480 600 720 840 960 1080 1200 1320 1440 1560

Time (min)

== Hyd No. 4



Channel Report

Hydraflow Express by Intelisolve

AXIMUM SLOPE BENCH

Thursday, Feb 6 2014

Trapezoidal Highlighted
Botom Width (ft) = 2.00 Depth (ft) = 0.52
Side Slopes (z:1) = 3.00, 2.00 Q (cfs) = 6.900
Total Depth (ft) = 2.00 Area (sqft) = 1,72
Invert Elev (ft) = 100.00 Velocity (ft/s) = 4.02
Slope (%) = 2.00 Wetted Perim (ft) = 4.81
N-Value = 0.026 Crit Depth, Yc (ft) = 0.57
Top Width (ft) = 4.60
Calculations EGL (ft) = .77
Compute by: Known Q
Known Q (cfs) = 6.90
Elev (ft) Section Depth (ft)
00 3.00
102.50 2.50
102.00 2.00
101.50 \ 1.50
101.00 \ 1.00
A4
100.50 — 0.50
100.00 0.00
99.50 -0.50
0 2 4 8 10 12 14 16

Reach (ft)



ATTACHMENT C

STORMWATER NETWORK DIAGRAM

Civil & Environmental Consultants, Inc.



P:\2014\ 140-334\ —CADD\Dwg\ 140-334 — Stormwater Network Diagram.dwgf{LAYOUTI{ LS:(2/26/2014 — jwiliams) — LP: 2/26/2014 6:32 PM

Runen

Culqert C1

Direct Pond 4

D)1 - Perimeler
/} Diteh 11

@ @/

Ditch D
Ditch A
o {us)
/ﬂch c
E \'.'r'l;;t}
DE - Perimeter T
Ditch & =
long
 W—
(os P
73 ) pe13
i _7_._1':“/ =
Deeh 8 [f¢e———(=
’/-:7 E S
\ —F os= Dikh €
i
- g
abgts &
i=a G;:.——:——-—. xS
= —— Yo

] ¢——————— [

Dﬂ‘w
|

[
/ giucd
(ass)

—— 5

(o) by
Birect Pun:a\\”& Farimeter \ '
o

= e et Py 2
s [tom) — !1_} =z 4

[aRY, 3 . = 3
= 7 U cuvetcCs, LuetCs A
[13 - Perimstsr D14 - Permeter -~ a3 / g \\ _
Ditch 13 Dach 14 -~ = = i
” | -~
p

e ’
/ (s D \

@ Dilch A

Ditch B

yakl

1o ]
(&

)]
«-—%—l@
)

Diton |

4]

q

73

§ ) § (E]
(] o |
6 (%)

(4]

I
I
.

[

o

it

R P

s

1<

EU
24

Runan Citeh &

Sediment
Pond 3

@ ' Existing
" Conveyance to

-~ Pond 2

r" —lql 3
Eenmalsr

Ditch 1

=) .

NORTH

Civil

CEL

& Environmental Consultants, Inc.

405 Duke Drive, Suite 270 - Franklin, TN 37067
615-333-7797 - 800-763-2326
www.cecinc.com

SANTEK WASTE SERVICES, INC.
MATLOCK BEND LANDFILL
LOUDON COUNTY, TENNESSEE

STORMWATER NETWORK FLOW DIAGRAM

DRAWN BY:

JLW |CHECKED BY: BJW

APPROVED BY: DRAFT |DRAWING NO.:

DATE:

FEBRUARY 2014 | DWG SCALE: N.T.S.

PROJECT NO: 140-334




ATTACHMENT D

TEMPORARY SEDIMENT POND 1 CALCULATIONS
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Hydrograph Return Period Re,gwgg,

¢ Hydrographs Extension for AutoCAD® Civil 30® 2014 by Autodesk, Inc. v10.3

. l”vd. Hydrograph |Inflow Peak Qutflow (cis) Hydrograph
( . type hyd(s) Description
{origin) 1-yr 2.yr 3-yr 5-yr 10-yr 25-yr §0-yr 100-yr
1 |SCS Runoff e B 20.91 ———— 30.26 38.08 49.35 58.54 68.02 | Runoffto Temp
3 |Reservolr 1 —eeeae 1130 | - 1130 1.130 1.130 1.130 1.130 | Temp Pond Routing

Proj. file: Temp Sed Pond.gpw Wednesday, 02 /26 / 2014




Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3

Wednesday, 02 /26/ 2014

1yd. No. 1
Runoff to Temp
Hydrograph type = SCS Runoff Peak discharge = 49.35 cfs
Storm frequency = 25 yrs Time to peak = 718 min
Time interval = 2 min Hyd. volume = 112,892 cuft
Drainage area = 11.000 ac Curve number = 75
Basin Slope = 0.0% Hydraulic length = 0ft
Tc method = TR55 Time of conc. (Tc) = 7.80 min
Total precip. = 5.46 in Distribution = Type ll
Storm duration = 24 hrs Shape factor = 484
Runoff to Temp
Q {ets) Hyd. No. 1 -- 25 Year Q (cfs)
50.00 50.00
40.00 40.00
30.00 II 30.00
20.00 20.00
10.00 10.00
0.00 = = 0.00
0 120 240 360 480 600 720 960 1080 1200 1320 1440 1560

s Hyd No. 1

Time (min)



TR55 Tc Worksheet

Hydraflow Hydrographs Extension for AutocCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3

Hyd. No. 1

Runoff to Temp

Description A B [o4 Totals
Sheet Flow

Manning's n-value = 0.240 0.011 0.011

Flow length (ft) = 100.0 0.0 0.0

Two-year 24-hr precip. (in) = 3.36 0.00 0.00

Land slope (%) = 14.00 0.00 0.00
Travel Time (min) = 6.39 +  0.00 + 0,00 = 639
Shallow Concentrated Flow

Flow length (ft) = 205.00 0.00 0.00

Watercourse slope (%) = 19.50 0.00 0.00

Surface description = Unpaved Paved Paved

Average velocity (ft/s) =7.12 0.00 0.00
Travel Time (min) = 0.48 +  0.00 + 0.00 = 048
Channel Flow

X sectional flow area (sqft) = 8.00 0.00 0.00

Wetted perimeter (ft) = 10.00 0.00 0.00

Channel slope (%) = 2.00 0.00 0.00

Manning's n-value = 0.025 0.015 0.015

Velocity (ft/s) =7.26

0.00
0.00

Flow length (ft) {({0})390.0 0.0 0.0
Travel Time (min) = 0.90 + 0.00 + 0.00 = 0.90

Total Travel TimMe, TC i s e ssnsssans 7.80 min



Hydrograph Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3 Sunday, 03/9/2014

Ayd. No. 3

Temp Pond Routing

Hydrograph type = Reservoir Peak discharge = 1.130 cfs

Storm frequency = 25yrs Time to peak = 710 min

Time interval = 2 min Hyd. volume = 112,881 cuft

Inflow hyd. No. = 1 - Runoff to Temp Max. Elevation = 904.70 ft

Reservoir name = Temp Sed Pond Max. Storage = 81,337 cuft

Storage Indication method used. Wet pond rouling start elevation = 898.00 ft.

Temp Pond Routing

Q (cfs) Hyd. No. 3 -- 25 Year Qigts)

50.00 50.00

40.00 - 40.00

30.00 - 30.00

20.00 20.00

10.00 10.00

y ———— :
0.00 — 0.00
0 240 480 720 960 1200 1440 1680 1920 2160 2400 2640 2880 3120

Time (min)

s Hyd No. 3 === Hyd No. 1 [T111 Total storage used = 81,337 cuft



Pond Report

Hydraflow Hydrographs Extension for AutoCAD® Civil 3D® 2014 by Autodesk, Inc. v10.3 Sunday, 03/9/2014
Pond No.1 - Temp Sed Pond
Pond Data
Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 892.00 ft
Stage / Storage Table
Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)
0.00 892.00 43 0 0
0.10 892.10 45 4 4
2.00 894.00 625 530 535
4.00 896.00 1,870 2,469 3,004
6.00 898.00 4,567 6,357 9,361
8.00 900.00 7,924 12,337 21,698
10.00 902.00 11,615 19,420 41,118
12.00 904.00 15,948 27,446 68,564
14.00 906.00 20,886 36,720 105,283
16.00 908.00 26,574 47,341 152,625
18.00 910.00 32,633 59,001 211,625
Culvert / Orifice Structures Weir Structures
[A] [B] [C] [PrfRsr] [A] [B] [C] (D]
Rise (in) = 24.00 0.00 0.00 Inactive Crest Len (ft) = 0.42 156.00 0.00 0.00
Span (in) = 24.00 0.00 0.00 0.00 Crest EL (ft) = 907.25 508.00 0.00 0.00
No. Barrels =1 0 0 1 Welr Coeff. = 3.33 3.33 3.33 3.33
Invert EL (ft) = §92.00 0.00 0.00 0.00 Welr Type =1 Ciplti —_ -
Length (ft) = 64.00 0.00 0.00 0.00 Multi-Stage = Yes No No No
Slope (%) = 0.50 0.00 0.00 wa
N-Value = .013 .013 .013 n/a
Orifice Coeff. = 0.60 0.60 0.60 0.60 Exfil.(infhr) = 0,000 (by Wet area)
Multi-Stage = nla No No No TW Elev. (ft) = 0.00
Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control. Weir risers checked for orifice conditions (ic) and submergence (s).
Stage (ft) Stage / Discharge Elev (f
18.00 910.00
15.00 —r 907.00
12.00 — 904.00
9.00 = 901.00
6.00 898.00
3.00 — 895.00
0.00 — 892.00
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0
Discharge (cfs)

Total Q



Weir Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc.

Temp. Sed. Pond 1 Emer. SW - 100-yr Storm

Wednesday, Feb 26 2014

Rectangular Weir Highlighted
Crest = Broad Depth (ft) = 1.45
Bottom Length (it) = 15.00 Q (cfs) = 68.00
Total Depth (ft) = 2.00 Area (sqft) = 21.73
Velocity (ft/s) = 3.13
Calculations Top Width (ft) = 15.00
Weir Coeff. Cw = 2.60
Compute by: Known Q
Known Q (cfs) = 68.00
Depth (ft) Temp. Sed. Pond 1 Emer. SW - 100-yr Storm Depth (ft)
t 3.00 3.00
2.00 2.00
.
1.00 1.00
0.00 ——— 0.00
(
-1.00 -1.00
0 2 4 6 8 10 12 14 16 18 20

e \[\fi W.S.

Length (ft)
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1.0 INTRODUCTION

1.1 Authorization

Santek Environmental, Inc. (Santek) has been authorized by Loudon County Solid Waste Disposal
Commission to provide turnkey design and operational control of the Matlock Bend Subtitle D
Landfill. Under that authorization, Santek is providing engineering services for the design of the
Matlock Bend Class I Landfill (MBL) Expansion. A registered professional engineer will also be
utilized for inspection of construction as required. This shall be in accordance to Rule 0400-11-01-

.04(1)(c) of Chapter 0400-11-01 Sofid Waste Processing and Disposal.
1.2 Purpose and Scope

Preparation of this Facility/Operations Plan (Plan) is in accordance with the Tennessee Department
of Environment and Conservation (TDEC), Division of Solid Waste Management's rules. The

requirements of Rule 0400-11-01-.04(9)(c) will be specifically addressed.
1.3 Facility Description

The MBL is a Class I municipal solid waste landfill Site which serves the sanitary and industrial
waste disposal needs of Loudon County and surrounding areas outside of the county, The MBL is
located on approximately 152,33 acres of land, about 5 miles west of the City of Loudon near State
Route 72 and approximately 1.25 miles west of U.S. Interstate Route 75, at latitude 35°44°86”
North and longitude 84° 24’ 45” West. The above latitude and longitude were obtained from the
Philadelphia, Tennessee 7.5 quadrangle map which is based on National Geodetic Vertical Datum
of 1929 (NGVD29). Permanent benchmarks of known elevation have been constructed on-site as

shown on Sheet 2 of the permit drawing package.

A Location Plan and Master Plan are provided on Sheets 1 and 2, respectively, of the permit
drawing package. The facility is located on property with a Part 1LA. Hydrogeological Report
accepted as complete by the TDEC Division of Solid Waste Management on January 29, 2009. A
copy of the TDEC acceptance letter is included in Appendix A. Adequate water supply and
electrical service is located within 500 feet of the MBL and will be extended to incorporate the new

Site as construction and operation requires.
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At the time landfill development is completed, approximately 67 acres will have been used for

solid waste disposal in this permit area. Existing permitted Modules A through J comprises
approximately 40.7 acres and proposed Modules J through P comprises approximately 26.5 acres.
Existing permitted, but unconstructed modules E, H, I and J will be altered and renamed in this
expansion permit. The facility has a total volume estimated to be 10,582,709 cubic yards (cy) of
airspace available for waste and cover soil. The remaining life (as of Sept. 19, 2012) of the facility
is projected to be approximately 26.9 years based on an estimated average disposal rate of 925 tons
per day. The life estimate is based on average in-place waste and cover soil density of 1,450 lb/cy
and 273 operational days per year. The information above satisfies, in part, Rule 0400-11-01-
04(9)c) 2, 9, and 10, For additional information on solid waste type and source, refer to Section

2.6 of this Plan.
1.4 Designation of Responsibility

Matlock Bend is ultimately responsible for the operation and maintenance of the MBL, All
inquiries and correspondence concerning the landfill's permits and operations should be submitted

to his/her attention at the following address:

Chairman Steve Field

Loudon County Solid Waste Disposal Commission
100 River Road

Loudon, Tennessee 37774

Telephone No. (865) 576-1057

Daily operation and maintenance of the landfill will be conducted by Santek. Landfill operations
shall be supervised by a qualified individual who shall be thoroughly familiar with proper landfill
operating procedures and who is trained and certified in accordance with Rule 0400-11-01-.12.
The above information satisfies Rule 0400-11-01-.04(9)(c)1.

2.0 OPERATIONS PLAN — GENERAL CONSIDERATION

2.1 Introduction

This Plan is to set forth operating and maintenance procedures necessary to meet all environmental
regulations and effectively dispose of solid waste. Establishment and enforcement of the proposed
procedures for operation and plans for future development will be the ultimate responsibility of

landfill management.
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The objectives of the Operations Plan are to:

* Present operation details that are compatible with the site characteristics
and are useful to, and understandable by, operating personnel,

. Protect the environment; and

. Provide an efficient and economical operation.

2.2 Compliance to Buffer Zone Standards

The landfill is located, designed, constructed, operated, and maintained in accordance to
Rule 0400-11-01-.04(3)(a). The waste limit fill area is surrounded by a 100-ft buffer zone from the
facility property line and greater than 500 feet from the nearest resident. The nearest existing
downgradient drinking water well is greater than 500 feet from the waste limit. No springs,

streams, lakes, or other bodies of water are located within 200 feet of the waste limit.

Table 1 provides a description of the surrounding features and their approximate distance to the

waste limit.

Table 1
Str'uct'uli'é_l' Fes_iture : Ré‘q.ﬁirément e ' L{_)Cﬂtl(}:]l fil_i.d estlmated q*s““?ﬁ‘? l__'_e:l.g.i_:.lve.to . e

A minimum 100 foot buffer will be in place
Nearest Property Line 100 feet between the property line and the placement of
waste.

Approximately 2,100 feet south of the proposed

Nearest Residence 500 feet waste limit boundary.

43 private water wells are located within a 1 mile
Nearest Well 500 feet radius of the landfill site, as provided on page 9 of
the approved hydrogeologic study.

Nearest Stream 200 feet Unnamed Tributary 2,100 feet to the south,

2.3 Facility Access Controls

Entrance to the MBL property is provided with a locking gate to allow public access to the Site
during working hours only. This gate is kept locked when the landfill is closed. Signs erected at
the entrance gate will describe the following information:

1. Name of the facility

2. Emergency telephone numbers
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3. Fees charged
4, Restricted materials
5. Normal operating hours
6. Penalty for unlawful dumping
7. Tarp policy

Furthermore, signs will be posted as needed to notify haulers of speed restrictions and to direct
them to the proper disposal areas. Such signs shall be legible and placed conspicuously to

encourage safe operation within the landfill.

A formal record of each authorized vehicle that enters the Site will be kept by the scale house
attendant. The log may be in paper or electronic format. Preliminary load inspection takes place as
the trucks are being weighed in at the MBL facility. The scale house operator will visually inspect
open incoming trucks and randomly question the drivers about the materials being transported,
including the place of origin. If the scale house operator determines that unacceptable material is
being conveyed, the driver will be directed to consult a hazardous materials waste contractor for
guidance on proper off-site disposal. Trucks carrying acceptable waste will be directed by the
scale house operator to the proper location for on-site disposal. Signs along the road will be placed

as required to guide the transporters to the appropriate disposal area.

Random physical inspections of 5% of all incoming vehicles will be conducted by MBL personnel.
Records of these inspections will be kept including the time, date, type of waste, vehicle
identification, driver signature, and name of waste transporter. If unacceptable materials are
discovered during unloading of the trucks, the wastes will be reloaded and the driver will be
directed to consult a hazardous material contractor for guidance on proper off-site disposal.
Suspicious loads will also be inspected. For more information on the random inspection

procedures, refer to Section 2.23, Random Inspection Program, of this Plan.

Review of the solid waste manifest and scale house records aid the landfill staff in tracing the
origin of unacceptable loads which are placed and not discovered prior to the hauler leaving the
Site. However, if the source is not discovered, then it will be the responsibility of the MBL

operator to dispose of the material.

The landfill’s operations hours for receiving waste are Monday through Friday (7:30 am — 4:00
pm), Saturday (7:30 am - 12:00 pm) and closed on Sunday. However, operations at the facility
may take place 24 hours per day, 7 days a week.
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24 Tire Disposal

Waste tires will be segregated from the waste stream and temporarily stored for up to one-year on-
site in a designated tire storage area. The tires will be loaded into trailers within the tire storage
area awaiting disposal in an approved manner, A buffer zone at least 50-feet wide will separate the

storage trailers from each other and the active disposal area.

The tire storage area will be surrounded by an 18-inch high earthen berm to manage stormwater
run-on and run-off and to provide containment of control water used in the event of a fire, The tire
storage area will not be located within a 100 year floodplain, wetlands, or an area anticipated to be
used for waste disposal within one year. To aid in insect and vector control, spraying and/or other

approved methods may be employed on an as needed basis.

The potential for fires shall be kept to a minimum by restricting and monitoring access to the tire
storage area. Flammable liquids and combustible materials will not be stored near the tire storage
area, The area inside the berm and the remaining 50-foot buffer zone will be kept free of brush and
high grass. The MBL facility will have sufficient fire extinguishers and a water tanker (used for
dust control) for accidental small fires. A letter assuring response from the Loudon County Fire
Department has been filed with the Division of Solid Waste Management (included in
Appendix A) and the telephone number of the responding Fire Department will be posted at the
MBL facility.

Trained personnel will be present during operating hours and are equipped with communication
devices. One of the MBL employee duties is to direct and assist customers on where to unload
waste tires. The access road to the tire storage area will be a compacted earthen road with gravel or
other acceptable material. The immediate area for loading and unloading waste tires will be

covered with gravel, or other acceptable material.

In compliance with Rule 0400-11-01-.04(2)(k)3(1)(ID}VL, tires or shredded tires may not be stored
for more than one (1) year, and the MBL will maintain records sufficient to establish the date each

tire pile within a storage area was begun. These records will be maintained at the facility.

Disposal of waste tires will be in accordance with one or both of the following methods:

1. Tires will be disposed of off-site in an approved manner, or
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2, Periodically, a mobile tire shredder can visit the Site and shred the tires, The shredded

tires can be disposed of at the working face or sent off-site in an approved manner.

2.3 Method and Sequence of Operation

MBL anticipates the construction of Module I as the initial phase of construction of this expansion.
Subsequent phases of construction may require placement of waste over existing waste. In such a
case, intermediate soil cover will be stripped or windows excavated in the soil cover prior to waste

placement to promote downward movement of leachate.

¢ The top twelve inches of soil material in the landfill expansion area is to be considered
topsoil and should be stripped and stockpiled separately. It is preferable for stockpiles to
be located in areas that will not disrupt construction or traffic flow around the perimeter of
the new cell or existing landfill operations.

*  After stripping of topsoil, the remaining excavation is to be completed to the grades and
elevations shown on the permit drawing package. The materials removed by excavation
are to be tested per the quality assurance standards outline in the Construction
Specifications and Quality Assurance Plan (CSQA Plan) included in Appendix B. Any
material having soil properties to obtain a remolded permeability of 1 x 10 ~° cm/sec or less
is to be stockpiled separately for use in the construction of barrier soil layers. Other
material will be used as fill materials in the construction of roads and berms. Any excess
excavation materials will be stockpiled for future use as operational cover materials.

¢ DPrior to placement of the barrier soil layer, the subgrade will be proof rolled with a loaded,
tandem-axle, dump truck or approved, pneumatic-tired construction equipment. Areas that
pump, rut or behave in an unstable manner will be undercut to stiff soil,

¢ After inspection of the disposal area is complete, placement and compaction of the batrier
soil layer with a maximum permeability of I x 107 cm/sec will begin. Barrier soil 1 x 107
cm/sec may be installed if 1 x 107 cm/sec is not available. The material will be placed in
loose lifts not to exceed nine inches and each lift will be compacted to an approximate six
inch lift and inspected in accordance with the CSQA Plan.

*  After construction of the barrier soil layer, a geosynthetic clay liner (GCL) will be installed
on the barrier soil if 1 x 10 cm/sec barrier soil was installed. A geomembrane installer
shall place a textured 60 mil HDPE geomembrane liner over the 1x107 barrier soil or the
GCL as shown in the permit drawing package. Santek’s Project Manager and the
construction quality assurance (CQA) Officer/Engineer or Field Technician will oversee
the installation of the geomembrane liner and verify that the installer's quality control
procedures meet those included in the project specifications.

e After the geomembrane liner is installed, approved and accepted, construction of the
leachate drainage system will begin. A geotextile will be placed directly over the
geomembrane to provide a cushion for the leachate drainage media. The leachate drainage
media will be 12 inches of #57 washed limestone placed over the geotextile cushion. A
layer of geotextile fabric will be placed on top of the drainage media. The drainage media
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will be spread over the geotextile cushion by a tracked dozer. A low-ground pressure

dozer will be used to spread a minimum one-foot bed of drainage media
beneath it at all times. A standard-track dozer will supply the small low-ground pressure
dozer by pushing a minimum three-foot bed of rock beneath it at all times, No equipment
will be in direct contact with the geotextiles.

e Five leachate collection sumps will be constructed in the expansion area. The first leachate
collection sump will be located within Module O and is designed to collect leachate from
Modules A, O and F. The second leachate collection sump will be located within Module 1
and is designed to collect leachate from Modules B, C, D, G and P. The third leachate
collection sump will be located in Module K and will collect leachate from Module K. The
fourth leachate collection sump will be located in Module L and will collect leachate from
Modules 1., M and N. The fifth leachate collection sump will be located in Module J and
will collect leachate from Modules H, I and J. Leachate from the existing Modules A
through I of the existing landfill will be routed and collected in the three new leachate
collection sumps as specified. The sumps have been designed to have up to 4-feet of
hydraulic head. The remainder of the leachate collection system is designed for 1-foot of
head.

¢ Leachate collection pipes will be installed during placement of the 12-inch drainage layer.
The leachate collection pipes will be placed directly on the geotextile cushion and
backfilled with #57 washed non-carbonate stone or equivalent to the specified depth of 12
inches. In addition, #57 washed non-carbonate stone will be placed at the toe of slopes in
the landfill modules.

¢ TFor construction of the side slope composite liner profile, a geotextile (see Detail C on
Sheet 12B of the permit drawing package) will be placed over the textured geomembrane
to serve as a protective cushion and provide more interface shear strength. Washed #57
limestone will be placed directly on the geotextile to supplement protection of the textured
geomembrane liner and provide a path for leachate drainage.

« After placement of the leachate drainage media is complete, a layer of geotextile will be
placed over the leachate drainage media prior to placement of waste.

¢ The initial lift of waste will be visually screened to eliminate large sharp objects that have
the potential to damage the liner system, be at least six feet in depth and will cover the
entire lined portion of the disposal area so as to provide protection for the geomembrane
liner.
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In order to increase the overall efficiency and safety of waste placement operations, stormwater

segregation berms may be installed. These physical divisions within a module reduce the volume
of stormwater runoff that comes in contact with the waste and, consequently, reduce the volume of
leachate to be processed. The actual time and location of construction of these berms is a function
of the rate of waste placement and the volume of stormwater to be managed. Consequently, actual
locations of these berms are not presented in the permit drawing package prior to construction.
Stormwater control details are presented on Sheets 14A through 14D of the permit drawing

package.

Fill progression is shown on Sheets 8A through 8G of the permit drawing package. The following

narrative provides a general description of the fill procedures:

s Following construction of the first stormwater diversion berm (rain flap), waste placement
will begin in the active module. Initial lifts of select waste {(minimum four feet thick) will
be placed in the lower portion of the active area. Select waste excludes bulky wastes, rods,
poles, fence posts, and other waste with higher potential for damaging the liner. Waste
fitling will typically progress from the low point of the module and isolation berms upward
to the first stormwater diversion berm.

* A sufficient number of pumps of adequate capacity will be maintained and employed on
the stormwater diversion berm and the isolation berm bordering the active portion of the
module. These pumps will be utilized to remove stormwater that collects along the
upstream toe of the berms to prevent contact with in-place Class I waste. This will allow
runoff to be discharged to the stormwater detention basins or other acceptable structures.

¢  When the active area reaches the toe of the stormwater diversion berm, the stormwater
diversion berm will be removed and the removed rock material will be stockpiled for later
use or spread into the leachate collection layer. If needed, the next stormwater diversion
berm will be in place above the active area. A lift of waste will then be placed to the next
stormwater diversion berm or isolation berm,

* Once the waste placement progresses to the level where exterior final or temporary slopes
are constructed above the perimeter isolation berm or intercell berin, intermediate cover
soil will be placed on the slope. Precipitation and other surface water will be directed to
flow over the perimeter berm to a perimeter ditch or temporary stormwater pond before
being diverted to one of the three stormwater management ponds. Only surface water that
has avoided contact with the waste will be treated in this manner. Surface water that
contacts the waste will be directed into the cell where it will be collected and handled as
leachate.

*  When the bottom area from the toe berm (low end}) to the isolation berm (high end) within
the active module is covered with a lift of select waste, the fill sequence will then progress
from the high end of the module back toward the tow end.
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2.6 Solid Waste Type, Quantity, and Source

The MBL accepts Class I wastes for disposal. Class 1 wastes include: domestic wastes,
commercial  wastes, institutional  wastes, industrial wastes, municipal  wastes,
demolition/construction debris, sewage solids, farming wastes, shredded or chipped waste tires, and
dead animals. Special waste shall be disposed of in the Class I landfill area only if special
provisions are made for such disposal and only if it is approved by the TDEC, Division of Solid

Waste Management.

Based on the quantity of solid waste currently accepted, it is estimated that approximately 600 to
800 tons per day of Class I waste will be disposed at MBL. The facility will typically operate, a

minimum of 273 days a year.
2.7 Landfill Acreage

A 150-acre Site, including the required buffer zones, has been designated for the MBL facility.
The conceptual design of the expansion has designated a total of approximately 67 acres of this
Site for the purpose of Class I waste disposal. The existing permitted modules comprise

approximately 40.7 acres and the proposed expansion comprises approximately 26.5 acres.

Presently permitted Modules A through H operational areas have been utilized in the development
of this Plan. The operational boundary and phasing plan for the expansion is shown on Sheets 8A
through 8G of the permit drawing package in accordance to Rule 0400-11-01-.04(9)(b)1(viii).
Modules are anticipated to be constructed in accordance with the phasing plan; however, the
phasing plan will be assessed throughout the operational life of the facility. The module layout and
sequence of module construction shown on Sheets 8A through 8G is proposed at the time of this
submittal. Modifications to the module layout and sequencing may be required to better facilitate

operational and construction needs in the future.

The module limits provide approximate boundaries of the anticipated progression of the landfilling
operations, It is possible that changes in the waste stream, schedule or other factors could
necessitate variations in the location of these module limits. Consequently, the module locations
and limits should be considered approximate. The perimeter waste boundary will not be extended

beyond the limits shown on the permit drawing package.
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Also, the module may be constructed in whole or in part as required by operational and

construction needs. For example, a module may be constructed in two sections, with each half

given a designation, i.e, Module L could be divided into Module L-A and Module L-B.

In order to maintain drainage to the leachate collection sumps and control stormwater both above
the active fill area and in the area adjacent to isolation berms, the bottom elevation within a module
may be raised (but not lowered below the contours shown on the drawings) in localized areas to
accommodate needed drainage improvements, Such changes would not affect the final contours

nor lead to an increase in the total capacity of the facility.
2.8 Waste Handling and Covering Program

The waste hauling vehicles will deposit their loads at the open working face, as directed by MBL
facility personnel. The facility personnel will be present to ensure safety and inspect the waste for
acceptability. The solid waste will then be spread in lifts approximately three feet thick or less,
Dimensions of the open working face will be minimized, yet will be a sufficient size for proper
waste disposal and equipment maneuvering. The slope of the waste placement will be maintained
at or less than three horizontal to one vertical (3:1), as shown on the permit drawing package. Lifts
of waste will be sloped as required to promote drainage off of the lift. Benches or add on berms

will be constructed to provide stormwater drainage and reduce erosion of cover soil.

At the end of each day, one or both of the following methods will be used as daily cover:

1. Six inches of soil cover material placed on the compacted wastes of the working face
and/or
2. Synthetic daily cover material. (i.e. tarps)

In the event that only synthetic daily cover is used, at least once a week a minimum of six inches

weekly soil cover material will be placed on the waste.

Intermediate cover soil consists of an additional 6 inches of compacted soil on top of the 6 inches
of daily/weekly cover soil or other material approved by the TDEC. Intermediate cover soil will be
utilized on all surfaces that will be exposed for a period of thirty days in accordance with Rule
0400-11-01-.04(6)(a)4. The intermediate cover soil will be maintained on all surfaces until either
additional wastes are placed over the surfaces or final closure cover is applied. Stockpiled soil

obtained from excavating the current module or future modules may be used for barrier soil layer
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construction, daily, weekly and intermediate cover.
2.9 Sanitary Landfill Equipment

The following is a list of the major equipment available that may be used on the Site:

Quantity Description

816F CAT landfill compactor
D65 Komatsu bulldozer

D4 CAT bulldozer

D6R CAT bulldozer

62 CAT scraper

963 CAT loader

580 Dresser road grader
24,000 galion Volvo water truck
International service truck
Manager Pickup

Landfill Pickup

John Deere tractor
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Back-up equipment is available and included in the list above. In the event that additional back-up
equipment is required, it may be rented, leased, or obtained from other landfill operations managed
by Santek. The equipment list provided above is proposed at the time of this submittal, and may be
modified during operations with alternate equipment of various makes and models. Maintenance
shall be provided by in-house personnel or at a commercial location in the MBL area. Tools and
supplies necessary for the proper operation and maintenance of the equipment shall be provided as

needed.
2.10  Litter Control

The MBL landfill shall be kept free of litter and unloading shall be performed so as to minimize
scattering of solid waste. Portable fencing may be located near the working face in order to capture
windblown debris. One or more employees on staff shall have part in the responsibility of picking
up any material that is windblown, including material caught in the permanent fencing around the

perimeter of the property.
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2,11  Stormwater Management

Surface water run-on and run-off may be diverted around the operating area by the means of
interceptor ditches, sediment traps or diversions berms as needed. Permanent storm water run-on
and run-off structures (i.e., culverts, ditches, etc.) have been designed to manage peak discharge
resulting from a 25-year, 24-hour design storm event. Isolation berms may be constructed between

modules as required to contain leachate and to prevent stormwater from entering the active area.

Temporary storimwater basins may be constructed outside of the isolation berm to collect
stormwater from adjacent cut slopes. Swales and diversion ditches may be used to divert storm
water run-on water and surface water on the slopes. Pumps may be used to remove the water from
the temporary basins as needed. Culverts, drainage pipes and/or other controls may be employed
as needed. Ponding water will not be allowed on the working face during or after the completion
of operations in any area. Finished plateau areas will be graded to provide adequate drainage of the
finished area to minimize erosion, decreases runoff velocities and increases filtration of water into
the soil and supports vegetation. The final cover grades have been established to maintain positive

drainage of surface water even as consolidation of the underlying waste occurs.

Storm water management basins will be utilized on the Site to control storm water run-off and
migration of sediments. The storm water management basins have been designed to pass the
run-off from a 25-year, 24-hour storm event through a primary spillway and pass the run-off from a
100-year, 24-hour storm event through a primary and an emergency spillway. The basins will be

inspected for structural and operational integrity after significant rainfall events.

The storm water management basins are designed to accumulate naturally occurring sedimentation.
A reference post, or equivalent, will be used to gauge sediment depth. Storm water management
basins will be managed to assure the design capacity is maintained by excavating excessive soil
sediment that may collect in the pond(s) upon reaching the 35% capacity mark noted on the

reference post, or sooner.

As shown on Sheet 10B of the permit drawing package, Detention Basins 3 will be altered and 4
will be constructed to manage storm water at the Site through the completion of the post closure
period. During the active operation of MBL, Basins 2, 3 and 4, as well as temporary structures,
may be used to control stormwater. In general Basins 3 and 4 will be modified (Basin 3) or

constructed (Basin 4) as the modules approach final grade elevations. Basin 2 is constructed and
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will not require any additional modifications, Basin 3 is anticipated to be altered as Module O fills

above grade and approaches final grade. Similarly, Basin 4 is anticipated to be constructed as
Modules L, M and N fill above grade,

Silt fences, hay bales and/or other erosion control methods may be constructed at the toe of slopes
greater than 100 feet in length. At periodic intervals, not to exceed 200 feet, erosion control
methods may be provided in collection ditches until vegetation has been established. Actual
spacing of the erosion control device will be adjusted for steepness of the ditch slope. Erosion
control devices will be maintained to limit transportation of sediments. Trapped sediments will be
removed as needed. Rock check dams may also be used to improve the movement of suspended

solids by controlling water velocity in the ditches.

Surface water run-off from soil stock pile area(s) will be controlled through the use of berms,
ditches, and/or other erosion control methods to limit siltation of on-site ditches and stormwater
management basins. Vegetation will be established as soon as practical on areas not part of daily
operation. The vegetation shall be properly maintained (i.e. mowed, fertilized) to assure growth.
The erosion control procedures used will be in general, conformance to the guidelines provided in

the TDEC Erosion & Sediment Control Handbook, provided in part, in Appendix C.
2.12  Leachate Management

The MBL landfiil's leachate containment system will include a composite liner system consisting
of two feet of low permeability select fill barrier soil of 1x10” obtained from on-site sources
(Alternate permeability of 1x10”cm/sec, a geosynthetic clay liner (GCL)) and a textured 60 mil
high density polyethylene (HDPE) geomembrane liner. The containment system will be underlain
by not less than five feet of geologic buffer material (a maximum permeability of 1 x 10°® cm/sec)
from the bottom of the composite liner system to the seasonal high-water table. For information
and data on the determination of the seasonal high-water table, refer to the Part I A Permit
Application Hydrogeologic Report, dated August 2008, prepared by Civil & Environmental
Consultants, Inc. and accepted by the TDEC on January 29, 2009.

Leachate from this development will be pumped by side slope riser sump pumps, located in the
leachate collection sumps, to the leachate storage tank, A 100,000 gallon leachate storage tank is
proposed at the time of this submittal. The tank may be expanded or additional tanks may be added

in order to facilitate operations. The leachate collection sumps will be a minimum three feet deep
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and will include six-inch diameter, SDR 17 perforated HPDE pipes as indicated on Sheet 13C of

the permit drawing package. The leachate collection pipes will have cleanouts in the event the
collection pipes become clogged or inspection is required. The cleanout lines, which are attached
to the end of each leachate collection pipe, parallel the pipes which house the pump(s) to the
surface. Clean water can be flushed into the pipes using a jetting or other system appropriate for
the purpose. Inspections and/or cleaning will be done annually until a steady state is reached
within the area influencing the leachate collection pipes. Once steady state appears to be achieved
(i.e. siltation becomes minimal) cleaning will be done as needed, such as when leachate flow
decreases unexpectedly or leachate levels are inconsistent with the predicted flow volumes. The
drainage layer consists of a minimum of one foot of washed limestone with a geotextile on top and
bottom. The geotextile will also aid in protection of the composite liner system. Module bottoms
are sloped toward the collection pipes to promote leachate movement. Final proposed base
contours are as illustrated on Sheet 6 of the permit drawing package. The leachate will be disposed

via existing Loudon Utilities sewer system,

Currently, Loudon County Solid Waste Disposal Commission has authorization from the Loudon
Utilities Publically Owned Treatment Works (POTW) to discharge wastewater (leachate) from the
Matlock Bend Landfill to the Loudon Utilities POTW. A copy of this authorization is included in
Appendix A. A 100,000 gallon above ground leachate storage tank was certified on February
2012. Based on a four-year historical monthly average for the Matlock Bend Landfill, this storage
tank will provide up to ten (10) days of storage capacity in the event of repairs, maintenance, or
other disruption of the force main or other appurtances to the Loudon Utilities POTW. The design
of the leachate storage tank has the capability of loading tanker trucks. In the unlikely event of
such disruption, leachate will be temporarily rerouted to the leachate storage tank and an immediate
plan to pump and haul leachate to a POTW will be implemented. When Loudon Utilities POTW

becomes operational, the onsite leachate collection system will return to direct discharge.

Leachate will be sampled and analyzed annually for the constituents listed in Tables 1 and 2 below.
Leachate analytical data results with pertinent supporting data will be reported to the TDEC with

the following semi-annual ground water analysis report.
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TABLE 1: INORGANIC CONSTITUENTS
Antimony Lead
Arsenic Mercury
Barium Nickel
Beryllium Selenium
Cadmium Silver
Chromium Thallium
Cobalt Vanadium
Copper Zinc
Fluoride

TABLE 2: ORGANIC CONSTITUENTS

Acetone trans-1,3-Dichloropropene
Acrylonitrile Ethylbenzene

Benzene 2-Hexanone; Methyl butyl ketone
Bromochloromethane Methyl bromide; Bromomethane
Bromodichloromethane Methyl chloride; Chloromethane

Bromoform; Tribromomethane

Methylene bromide; Dibromomethane

Carbon disulfide Methylene chloride; Dichloromethane
Carbon tetrachloride Methyl ethyl ketone; MEK; 2-Butanone
Chlorobenzene Methyl iodide; Iodomethane

Chloroethane; Ethyl chloride

4-Methyl-2-pentanone; Methyl isobutyl ketone

Chloroform; Trichloromethane

Styrene

Dibromochloromethane;
Chlorodibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane; DBCP

1,1,2,2-Tetrachloroethane

1,2-Dibromoethane; Ethylene dibromide; EDB

Tetrachloroethylene; Tetrachloroethene;
Perchloroethylene

o-Dichlorobenzene; 1,2-Dichlorobenzene

Toluene

p-Dichlorobenzene; 1,4-Dichlorobenzene

-1,1,1-Trichloroethane; Methyl chloroform

trans-1,4-Dichloro-2-butene

1,1,2-Trichloroethane

1,1-Dichloroethane; Ethylidene chloride

Trichloroethylene; Trichloroethene

1,2-Dichloroethane; Ethylene dichloride

Trichlorofluoromethane; CFC-11

1,1-Dichloroethylene; 1,1,-Dichloroethene;
Vinylidene chloride

1,2,3-Trichloropropane

¢is-1,2-Dichloroethylene; cis-1,2-
Dichloroethene

Vinyl acetate

trans-1,2-Dichloroethylene; trans-1,2- Vinyl chloride
Dichloroethene
1,2-Dichloropropane; Propylene dichloride Xylenes
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cis-1,3-Dichloropropene |

The Hydrologic Evaluation of Landfill Performance (HELP) model was used in the design of the
leachate collection system. Additional information and HELP model calculations are provided in

the Matlock Bend Class I Landfill Permit Application.

2.13  Dust Control Method

Dust control measures shall be taken at the MBL to prevent dust from creating a nuisance or safety
hazard to adjacent land owners or to people engaged in supervising, operating, and using the Site.
The on-site borrow area haul roads are expected to be the primary source of dust. Construction
equipment traveling on the haul roads can disturb soil particulate matter, causing them to become
airborne, particularly during periods of dry weather. A water truck may be utilized to suppress dust
and to mitigate fugitive dust particles from migrating across the landfill property boundary by
lightly spraying access roads and haul roads. Existing trees within the buffer zone provide wind
breaks and help reduce off-site dust migration. Prompt seeding operations to establish vegetative

cover on non-active areas will further minimize the potential for dust problems.
2.14  Fire Protection

Fire protection at the working face will be prevented by maintafning stockpiled earth for any fires
that may occur. Any fires that occur may be smothered by placing soil on the burning area and
working it back and forth with a bulldozer or other appropriate equipment. In no case shall
operating personnel cross the burning refuse. A water truck is also available as fire protection
back-up, if necessary. Supplemental fire protection may also be provided by the Loudon County
Fire Department. The Tennessee Emergency Management Agency will be notified within 24 hours
in the event of a fire or explosion on-site which could threaten the environment or human health
outside the facility. The Loudon County Fire Department will respond to onsite emergencies if

needed as stated in the letter provided in Appendix A.

In order to avoid injury and damages caused by landfill equipment fires, each piece of heavy
landfill equipment shall have a mounted fire extinguisher. Proper cleaning and maintenance of the

equipment will also reduce the possibility of equipment fires.

Solid waste that is burning or smoldering will not be deposited into the active portion of the

landfill. The solid waste will be directed to a designated area, safely away from the active portion,
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and extinguished prior to being deposited into the landfill. Open burning of solid waste will not be

allowed,

2.15 Personnel Facilities and Services

Three buildings are utilized at this time for the landfill site: a combination scale house/manager’s

office, maintenance building, and a storage/break room.

The scale house/office is a permanent structure approximately 12 feet by 46 feet. It is located
adjacent the entrance road for the purpose of maintaining traffic control, charging for disposal, and
landfill security. Sanitary facilities, electricity, and telephone services are provided in this

building.

The maintenance building is located south of the active landfill. It is a permanent structure
consisting of reinforced concrete for the floor slab and sheet metal for the walls and the roof
structure. Plumbing, lighting, heat, and electrical connections are provided in this building, A
storage/break room is located adjacent to the maintenance building. The scale house/manager’s
office is equipped with two way radios to monitor landfill personnel. The scale house operator will

also be able to contact the local hospital and fire department by telephone in case of an emergency.
2.16 Landfill Gas Control Devices

‘The migration of landfill gases generated by the decomposition of solid wastes at the MBL may be

controlled through a passive venting system.

The gas venting system indicated in this plan is for a passive gas system which meets the current
regulatory requirements for this facility. The closure gas venting system will consist of a series of
interconnected gas collection trenches. These trenches will be spaced at a maximum distance of
100-ft. and will be 18-in. wide and 18-in. deep. A geotextile will encapsulate the washed crushed
stone placed in the trenches. A 3-in diameter perforated HDPE pipe will be placed in the trenches
to convey the gas to the passive gas vents. An active gas system may be designed and installed at
this facility in the future. Whether voluntary or required by regulations, a minor modification will

be prepared prior to installation of an alternate active gas system.

To determine if landfill gas begins to migrate off-site, methane gas will be monitored at the

following locations:
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Underneath or in the low are of each on-site building;
At the compliance monitoring boundary shown in the permit;
At any potential gas problem areas, as indicated by dead vegetation or other indicators; and

At any other points required by the MBL permit.

Monitoring procedures will be in accordance with Section 1.2.8.2, "Landfill Gas Sampling

Protocol," of the Closure/Post-Closure Plan. If necessary, gas migration control will be performed
in accordance with Rule 0400-11-01-.04(5)(a).

2.16.1 Landfill Gas Monitoring Plan

Landfill gas will be monitored in the following locations:

Inside/along the compliance monitoring boundary as shown on Sheet 4 of the permit
drawing package.

Monitoring inside all permanent structures at a rate of one test every 2,000 ft* or one test in
every structure, Tests should be performed along exterior walls at columns and/or
construction joints. In addition, cracks or expansion joints of building slabs on grade are
possible monitoring locations.

If concentrations of explosive gases at the compliance monitoring boundary exceed the lower

explosive limit (LEL), the following precautions shall be met:

Immediate implementation of all necessary steps to ensure protection to human health.
Within 48 hours, notification of the TDEC Division of Solid Waste Management.

Within 14 days, chronicle in the facility's operating records detectable gas levels and steps
taken to protect human health,

Within 60 days of detection, implement remediation plan for release of methane gas. The
TDEC Division of Solid Waste Management will be notified of remedial plan and
implementation schedule.

If explosive gas concentrations in facility structures exceed 25% of LEL, the following precautions

will be taken:

evacuate facility structures,
ventilate facility structures,
notify the Loudon County Fire Department, and

post notification on all facility entrances stating occupying building is prohibited.
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2.16.2 Landfill Gas Sampling Protocol

Monitoring Equipment

Methane gas monitoring is to be performed with a meter scaled at 0-100% of LEL and Percent of
Total Gases. The LEL is the lowest concentration of a gas (as a part of total gases) that will result

in an explosion if an ignition source is present (at 25°C and atmospheric pressure).
Monitoring Frequency

Monitoring is to take place at least quarterly. Monitoring must also take place immediately if

regular inspection reveals signs of landfill gas (LFG) migration.
Signs of LEG Migration

During quarterly gas monitoring events, landfill personnel will note possible signs of LFG

migration which may include:

¢ Stress in vegetation in or around site (stress could include stunted growth, wilting, color
changes, etc.), and

+ Inability to grow vegetation (bare spots} in or around Site.

Upon noting possible gas migration indicators noted above, the cause of the stress shall be verified.
If the cause of the stress is determined to be gas migration, the area of stressed vegetation shall be
monitored for the presences of landfill gas through bar hole methods as describe below under
Monitoring Methodology. If the cause of the stress is determined not to be from gas migration, gas

monitoring will continue along the compliance monitoring boundary.

Monitoring Methodology

» Always extinguish all smoking materials before testing for LFG.

o Monitor ambient air for landfill gas a minimum of every 100 feet inside/along the
compliance monitoring boundary.

*  Methodology at location of LFG migration signs which are not in a final cover area:
a. Punch a bar hole approximately 18 — 24 inches deep.
b. Take readings in the bottom of hole.

¢. Record readings and location.



Matlock Bend Class I Landfill August 2009
Facility Operations Plan -20- Revised June 2010
Revised Septermber 2010

Revised May2013

Revised February 2014

» Methodology at location of LFG migration signs which are in a final cover area:

a. Inspect the area for cracks or signs of damage to the final cover.
b. Take readings in the area of vegetative stress.

¢, Record readings and location.

2.17  Groundwater Monitoring Plan

The proposed groundwater monitoring plan consists of four monitoring wells. Well MW-4R is the
up gradient (background) well and wells MW-03, MW-06 and MW-07 are the down gradient
(compliance) wells. The groundwater monitoﬁng network will be upgraded in accordance with
Sheets 8A and 8B of the permit drawing package. The proposed locations of these monitoring

wells are shown on Sheet 4 of the permit drawing package.

Construction of the ground water monitoring wells will begin following drilling. Individual well
construction will include a 15-foot section of screened 2-inch diameter, flush-joint, threaded,
polyvinyl chloride (PVC), or equivalent, and an appropriate length riser pipe. The screen will be
premanufactured with 0.010-inch openings along the length. The lower end will be capped and

located one foot above the bottom of the borehole,

Following installation of the screen and riser sections, clean industrial sand or equivalent will be
placed in the boring to a depth approximately two feet above the top of the screen. This is to be
followed by the placement of a 2-foot bentonite seal. A cement-bentonite grout will then be used
to backfill the boreholes to ground level. A 4-inch square, steel cover with a lockable top will then

embedded in the grout over the PVC riser pipe.

The groundwater sampling will be conducted on a semi-annual basis and will include analysis of
the constituents listed in Tables 3 and 4 below. Groundwater monitoring data will be evaluated
using statistical methods in accordance with Rule 0400-11-01-.04(7)(a)4(v). Revisions to the
constituents listed in Tables 3 and 4 may be requested by the MBL based upon statistics.

TABLE 3: INORGANIC CONSTITUENTS

Antimony Lead
Arsenic Mercury
Barfum Nickel
Beryllium Selenium
Cadmium Silver
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Chromium Thaltium
Cobalt Vanadium
Copper Zinc
Fluoride

TABLE 4: ORGANIC CONSTITUENTS

Acetone trans-1,3-Dichloropropene
Acrylonitrile Ethylbenzene

Benzene 2-Hexanone; Methyl butyl ketone
Bromochloromethang Methyl bromide; Bromomethane

Bromodichlorométhane

Methyl chloride; Chloromethane

Bromoform; Tribromomethane

Methylene bromide; Dibromomethane

Carbon disulfide

Methylene chloride; Dichloromethane

Carbon tetrachloride

Methyl ethyl ketone; MEK; 2-Butanone

Chlorobenzene

Methyl icdide; Iodomethane

Chloroethane; Ethyl chloride

4-Methyl-2-pentanone; Methyl isobutyl ketone

Chloroform; Trichloromethane

Styrene

Dibromochloromethane; Chlorodibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane; DBCP

1,1,2,2-Tetrachloroethane

1,2-Dibromoethane; Ethylene dibromide; EDB

Tetrachioroethylene; Tetrachloroethene;
Perchloroethylene

o-Dichiorobenzene; 1,2-Dichlorobenzene

Toluene

p-Dichlorobenzene; 1,4-Dichlorobenzene

1,1,1-Trichloroethane; Methyl chloroform

trans-1,4-Dichloro-2-butene

1,1,2-Trichloroethane

1,1-Dichloroethane; Ethylidene chloride

Trichloroethylene; Trichloroethene

1,2-Dichloroethane; Ethylene dichloride

Trichlorofluoromethane; CFC-11

1,1-Dichloroethylene; 1,1,-Dichloroethene;
Vinylidene chloride

1,2,3-Trichloropropane

cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene

Vinyl acetate

trans-1,2-Dichloroethylene; trans-1,2- Vinyl chloride
Dichloroethene
1,2-Dichloropropane; Propylene dichloride Xylenes

cis-1,3-Dichloropropene

Samples referred to above will be obtained in accordance with the groundwater monitoring
program. Bailers or pumps will be utilized for monitoring well purging and sampling. The
groundwater surface elevation will be determined and recorded at each monitoring well before each

sample extraction, prior to any pumping or bailing of the well.
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Groundwater sample analysis results and the associated groundwater surface elevations will be

submitted to the TDEC, in the manner specified in the permit, within sixty days after completing
the analysis. Additionally, records of all groundwater monitoring activities will be kept throughout
the active life and post closure period of the MBL facility, as specified in Rule 0400-11-01-
02(4)(a)9(ii).

These monitoring records will include the following information:

s The date, exact place, and time of sampling;

o The individual(s) who performed the sampling;

¢  The date(s) analyses were performed;

»  The techniques (including equipment utilized) used for the analyses; and

e The results of each analysis

2.18 Tlood Frequency and Protection
The Matlock Bend Landfill is not located within a 100 year floodplain.

2,19 Facility Impacts on Endangered and Threatened Species

The facility design and Operations Plan have been prepared to have no impact on endangered or

threatened species of plants, fish, wildlife, and their habitat,

2,20  Unstable Areas

No unstable areas exist on the landfill expansion Site per the 2008 Hydrogeologic Report. No
geologic faults known to have exhibited movement since Holocene time have been identified
within 200 ft of the proposed landfill extension. The nearest fault to the Matlock Bend facility is
the Beaver Valley Fault, which is located approximately 3,000 ft northwest of the facility
boundary. The Beaver Valley Fault is not known to have experienced any motion since the late
Paleozoic Era, per the 1996 hydrogeologic investigation by Theta Engineering, Inc., which is

included in the approved 2008 hydrogeologic investigation by Civil & Environmental Consultants.
2.21  Facility Impacts on Regulated Wetlands

No regulated wetland exists on the landfill expansion Site.
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2,22 Sealing of Bore Holes

Prior to excavation, all bore holes drilled or dug during subsurface investigation, piezometers, and
abandoned wells which are either in or within 100 feet of the areas to be filled will be backfilled
with a bentonite slurry or other approved method by the Commissioner to an elevation at least ten
feet greater than the elevation of the lowest point of the landfill base, or to the ground surface if the

Site will be excavated less than ten feet.
2.23 Random Inspection Program

A random inspection program will be used to screen for regulated hazardous waste, infectious
waste, PCBs (concentration > 50 ppm), whole tires, lead-acid batteries, liquid wastes and
unauthorized special waste. At a minimum, 5% of the daily incoming loads will be inspected by
MBL personnel for prohibited wastes. The procedures and guidelines for this inspection program

are as follows:

A. Complete Solid Waste Manifest on Every Facility User.

Know your customers. Do not accept wastes from unknown, unlicensed or otherwise

questionable haulers. Manifests will contain, at a minimum, the following:

) inspection date

. vehicle identification

. driver signature

. identification of any unauthorized waste
J disposition of any unauthorized waste

. facility inspector signature

B. Require Customer to Sign Affidavit on Weight Ticket.

By signing the affidavit, haulers certify they are "not transporting any hazardous, infectious
or regulated waste." This further enhances facility screening efforts and emphasizes to
haulers the importance of closely monitoring customers' waste as well as increases

awareness of shared liability.
C. Random Daily Inspections

A random selection procedure ensures anyone can be checked anytime.
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Complete the Random Inspection Manifest and return a copy to Santek's corporate
office on a weekly basis. Landfill personnel shall retain a copy of the inspection
manifest at the landfill in a bound notebook.

Inspections should occur approximately once per day at different times during the
day, but not less than 5% of daily incoming loads.

Upon Discovering Prohibited Waste

Use protective equipment (gloves, goggles, respirators) before proceeding if waste is

potentially hazardous. The following steps should be taken:

Segregate waste,

Question hauler,

Review Solid Waste Manifest for discrepancies,

Identify and contact generator,

Document findings in print and with camera,

Contact proper authorities, including the TDEC field office,
Contact laboratory support if necessary,

Notify response agency, if required, and

Prepare for alternative disposal methods, if required

Operator Training -~ Screening of Wastes

As part of routine safety meetings, the landfill operators are educated to recognize

unacceptable wastes and special wastes, and to be aware of the approval conditions of

special wastes, Training consists of:

Reviewing TDEC's regulations and definitions of specific waste streams including
solid wastes, bulky wastes, hazardous wastes, industrial wastes, liquid wastes,
medical wastes, special wastes, and construction and demolition waste.

Reviewing the approval process for special wastes which includes receiving the
appropriate paper work issued by the Division Field Office to the waste generator
indicating the waste has been granted approval for disposal at the landfill.

Reviewing operating procedures and restrictions for the disposal of special wastes
which require transportation to the landfill separately and securely contained.

Receiving advance notice from the waste generator and establishing a routine
delivery schedule, if necessary, in order to prepare for the receiving of special
wastes.

Confining unloading and disposal operations to a specific area, if necessary, to
assure proper disposal with minimum complications.
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. Covering the waste with approved cover material at the end of the working day.
. Maintaining proper records on the receipt and management of certain special

wastes, and incorporating the records into the daily random inspection program.

F. Comimunications

Radio contact between the scale house attendant and equipment operator should be

accessible at all times,

The following wastes will not be accepted for landfill disposal at the Matlock Bend

Landfill:

. Biomedical wastes

. Powders & dusts - unless accompanied by State approval

. Lead acid or other batteries

. Used oil & other liquids (except waste oil placed in holding tank designated for
waste oil)

. Unapproved studges

. Unapproved ash

. Fluorescent bulbs - if more than 50 per load

Other Questionable Materials:

. Barrels and drums - unless rinsed and ends are cut out

. Refrigerators and air conditioners - unless generator can document that the Freon
has been removed

J Asbestos - unless accompanied by 24-hour notification to the MBL (accepted

under blanket special waste approval).
Personnel working at the scale house and the active face will be trained to identify suspicious
wastes based on inherent characteristics. Landfill personnel will be familiar with the specific and
detailed procedures of the screening program in the event that suspicious, hazardous, infectious, or
unauthorized special waste is found. The solid waste manifest and the random inspection manifest

forms are included in Appendix D.
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1.0 CLOSURE/POST CLOSURE CARE PLAN
1.1 General Information
1.1.1 Introduction

The following Closure/Post Closure Plan has been prepared for the Matlock Bend Class I Landfiil
(MBL) in accordance with the closure and post-closure care requirements of the Tennessee
Department of Environment and Conservation (TDEC), Division of Solid Waste Management's
rules. The requirements included in Chapter 0400-11-01, Solid Waste Processing and Disposal,
specifically Rule 0400-11-01-.04(8).

The MBL is a Class I municipal solid waste landfill Site which serves the sanitary and industrial
waste disposal needs of Loudon County and surrounding areas outside of the county. The MBL
is located on approximately 152.33 acres of [and, about 5 miles west of the City of Loudon on
Highway 72 and approximately 1.25 miles west of U.S. Interstate Route 75, at latitude 35° 44’
48” North and longitude 84° 24° 43” West. The above latitude and longitude were obtained from
the Philadelphia, Tennessee 7.5 quadrangle map which is based on National Geodetic Vertical
Datum of 1929 (NGVD29). Permanent benchmarks of known elevation have been constructed

on-site as shown on Sheet 2 of the permit drawing package.

At the time landfill development is completed, approximately 67 acres will have been used for
solid waste disposal in this permit area. Existing permitted Modules A through J comprises
approximately 40.7 acres and proposed Modules J through P comprises approximately 26.5 acres.
Existing permitted, but unconstructed modules E and J will be altered and renamed in this
expansion permit. The facility has a total volume estimated to be 10,582,709 cubic yards (cy) of
airspace available for waste and cover soil. The remaining life (as of Sept. 19, 2012) of the
facility is approximately 24.0 years based on an estimated average disposal rate of 925 ton per
day. The life estimate is based on average in-place waste and cover soil density of 1,450 lb/cy
and 273 operational days per year. Based on current projections, including airspace provided by
the currently permitted Class I landfill and future modules, the final waste placement for the
Matlock Bend Landfill is year 2036.
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The Matlock Bend Landfill post-closure care-period contact shall be:
Chairman Steve Field
Loudon County Solid Waste Disposal Commission
100 River Road
Loudon, TN 37774
Telephone No. (865) 576-1057

1.2 Closure Operating Plan

1.2.1 Qeneral Overview

The Closure Plan is developed in a manner to minimize maintenance needs during the post-
closure care period. Features include: _

¢ promotion of effective drainage designed to minimize infiltration and erosion,

¢ vegetation of the top surface and side slopes to minimize erosion, and

e use of flexible components to allow for settlement of all closure components located
over the waste.

The Closure Plan and post-closure care activities also are developed to minimize threats to human
health and the environment resulting from waste decomposition by-products, such as leachate and
landfill gases. Features to control these releases include:

* final cap design (storm water and surface water management system),

¢ leachate collection system, and

¢ installation of a landfill gas management system.

Monitoring and maintenance of the MBL Site will be provided for a 30-year period after closure
is completed. This is in accordance with Rule 0400-11-01-.04(8)(d).

1.2.2 Closure Schedule

At least 60 days prior to beginning any final closure activities, Santek Environmental Inc.
(Santek) will notify the TDEC Director of the Solid Waste Division of its intent to perform
landfill closure. Interim closure activities, including grading and establishing vegetative cover
will be accomplished as waste placement of each module achieves final grade. It is noted that a
minor portion of each module shall be allowed to be incomplete in order to provide an access
road the width of three times the maximum construction equipment width. This access road is
necessary to allow for ingress and egress at uncompleted modules that are located beyond
completed modules. As portions of the fill areas achieve final grade, intermediate cover will be

placed. Vegetation will be planted and maintained. It is the intent of this Plan to place the final
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closure cap after all available airspace has been utilized or exhausted. These time allowances and

provisions are in accordance with Rule 0400-11-01-.04(8)(c) 1 through 3, respectively. If

contingencies force exceptions to the schedule times set forth above, Santek will request a waiver.

In accordance with Rule 0400-11-01-.04(8)(c)2, construction of final closure is not required until
the landfill reaches final grade, which is approximately 1,125 ft. msl. Final closure placement at

the end of a landfill’s operational life has its advantages, as referenced below:

1) The Matlock Bend Landfill has several opportunities for future expansion. If
partial closure construction were to occur and the landfill expanded prior to the
end of its operational life, then the final cap would need to be removed prior to
additional waste placement, thereby squandering the resources required to

construct the closure cap.

2) The construction of partial closure can be more susceptible to veneer slope
failures. This can be attributable to storm water run-on in the higher portions of
the partial closure. The run-on can slowly erode the anchor trench, sending water
beneath the geosynthetics, thereby creating a veneer slope failure, If final closure
were to occur once the apex of the landfill were constructed, then the possibility

of storm water run-on flowing beneath the geosynthetics is greatly reduced.

3) Settlement in the waste mass is another reason to construct final closure at the
end of the landfill’s useful life. Settlement is generally uneven and can be up to
20% of the overall landfill height. Allowing the majority of the settlement to
oceur prior to closure will allow for additional waste placement over the settled
waste as well as allowing for uneven areas to be filled to minimize stress on

geosynthetic components in the final closure cap.

Although placing final closure over the 67-acre landfill at one time is advantageous for the
reasons mentioned above, partial closure may be requested through the minor modification
process in the future. The Loudon County Solid Waste Disposal Commission or Santek, may
request a minor modification to allow for partial closure in areas deemed necessary. The

following reasons are a few examples that could lead to a minor modification request:

1) A remedial effort in the event of an environmental release where partial
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closure would resolve the issue,

2) The installation of an active gas collection and control system to captute

more landfill gas and reduce air infiltration into the waste mass.

3) Partial closure could be deemed beneficial in reducing storm water

infiltration thereby reducing leachate volumes and disposal costs.

Santek will notify TDEC in writing within 60 days when all closure activities are complete. This
notification will include a certification that the area has been closed in accordance with this

Closure/Post-Closure Plan. This is in accordance with Rule 0400-11-01-.04(8)(c)9.

Within 90 days of completing final closure of the entire landfill, and prior to the sale or lease of
the property, Loudon County Solid Waste Disposal Commission or Santek will ensure that a
notation is recorded on the property deed, or on some other instrument which is normally
examined during a title search, that will perpetually notify any person conducting a title search
that the land has been used as a waste disposal facility. This is in accordance with Rule 0400-11-
01-.04(8)(f).

1.2.3  Final Cap Design

The MBL will be closed with a final cap designed to achieve the following:

s reduce and minimize infiltration of precipitation through the top surface of the
landfill so that infiltration volume will be equal to or less than the percolation volume
through the bottom liner system;

¢ minimize maintenance;
e promote efficient drainage while preventing excessive erosion of the final cover; and,

o allow for settling and subsidence while maintaining the integrity of the cap system.

The final cap will incorporate the following closure system profile:
o 24 inches of vegetative cover;

s a drainage layer consisting of a polyethylene geonet sandwiched between two layers
of non-woven geotextile fabric;

¢ A 40 mil very low-density polyethylene (VLDPE) textured geomembrane ;
¢ 12 inches of 90% standard proctor compacted soil;

» passive gas collection system consisting vents and collection trenches; and
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e 6to 12 inches of interimediate cover soil.

The geosynthetic components of the final closure cap will utilize the same construction quality
assurance plan as the composite bottom liner. The liner construction specification and quality
assurance (CSQA) plan is presented in Appendix B of the Facility Operations Plan (located in
Section 6) of this Part 2B Permit Application Package.

The closure system's hydraulic performance was modeled using the Hydrologic Evaluation of
Landfill Performance (HELP) computer model. The HELP model is primarily utilized to
evaluate closure system profiles for comparative performance; i.e., approximate infiltration rates
for different cap configurations. The HELP model is generally not used for a quantitative
analysis of actual closure system infiltration rates, due to the many variables associated with
actual precipitation infiltration. The complete HELP model results and analysis for the landfill
closure system percolation simulation is located in the Section 4 of the Part 2B Permit

Application Package.

1.2.3.1 Acquisition of Final Cover System Soil
The current plan for cover soil acquisition is to use soil obtained from existing soil stockpiles,

excavation from the construction of the landfill base grades and on-site borrow areas.

Stabilization of the borrow area will be conducted as follows:

o maximum finished slope <33%,;

¢ sediment and erosion control devices will be placed as required to prevent excessive
soil loss on the current site and sediment build up on adjacent tracts of land; and

o finished slopes are to be seeded and fertilized as required to provide healthy
vegetative cover.

A soil balance chart is provided in the Part 2B Permit Application, Class 1 Landfill Expansion
Package that shows the estimated cut and fill volumes over the life of the facility. Assuming a
volume equivalent to 15% of the total available air space is required as daily cover soil,
approximately 2,031,014 cubic yards of soil fill will be needed for construction, operation and
closure of the facility. Because the fill volume exceeds the volume of soil to be excavated, on-
site borrow arcas as well as an additional sources will be required to acquire the adequate soil

volume, About 1,508,296 cubic yards of soil will be needed from this additional source.

Alternative Off-site Borrow Material

In the event off-site borrow material must be used, a procedure will be used to evaluate the best
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off-site option.

1.2.4 Permanent Vegetative Cover

Upon completion of the placement of the vegetative cover soil, at a minimum, the following

seasonal seed mixtures will be utilized for the appropriate season of planting:

SEASON ~o.oonf oo S SEED oo APPLICATION RATE -

Spring Kentucky 31 Fescue 100 Ib/ac

(Mar, 15 — May 15) Clover 5 1b/ac

Summer Kentucky 31 Fescue 100 Ib/ac

(May 15— Aug. 15) Clover 5 Ib/ac

Fall Kentucky 31 Fescue 60 Ib/ac

(Aug. 15—0ct. 15) White Clover 15 Ib/ac

Winter Annual Ryegrass 80 Ib/ac

{Oct. 15 —Mar. 15) White Clover 10 Ib/ac

Fertilizer; Readily available commercial fertilizers will be used. Application rates will be
approximate due to varying quality of cover soil material. Approximate minimum application

rates will be as follows:

15-15-15 2001b/ac, or
6-12-12 300Ib/ac

As required.

Limestone 1 tonsfac, or
Hydrated lime .5 ton/ac

Mulch; Apply hay that has been thoroughly fluffed, or chopped and blown, at the rate of 3

tons per acre, or fiber as used in hydro-seeder.

The planting specifications will be modified throughout the post-closure care period as required
to maintain an efficient vegetative cover. Provisions also have been made (in post-closure cost
estimates) to accommodate further soil testing (as it relates to fertilizing requirements) and

professional turf management assistance.

1.2.5 Surface and Stormwater Management System

1.2.5.1 Run-On Control System
Drainage of stormwater onto the MBL will be managed by a series of permanent and temporary

diversion ditches and drainage swales designed to divert surface water from the active module

areas.
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1.2.5.2 Erosion and Sediment Control System
To minimize infiltration through the cover material, and to provide adequate drainage, the final

cover system will be constructed with a finished grade of 5% for the plateau area. The slopes
shall be constructed on a maximum 3 (horizontal) to 1 (vertical) slope. The 3:1 slope will
facilitate adequate maintenance of the side slope vegetative cover and will simplify remediation

of any rills and gullies, if required.

MBL’s on site erosion and sediment control program will follow and establish Best Management
Practices, silt fences/hay bales shall be constructed at the toe of all distressed slopes greater than
100 feet in length. These gradient treatments are used to decrease runoff velocities, trap
sediments locally and increase ﬁltration of water into the soil thus limiting erosion and supporting
vegetation growth. Graded surfaces will be roughened prior to seeding to decrease runoff
velocity, thereby reducing erosion and aid in establishment of vegetation. At periodic intervals
not to exceed 200 feet silt fences/hay bales or rip-rap dams shall be provided in all collection
ditches until vegetation has been established. Actual spacing of silt fences/hay bales will be
adjusted for the steepness of the ditch slop. Silt fences/hay bales will be maintained in order to
assure minimization of silt transportation and cleaned when sediment exceeds one—half the height
of the fence, Once vegetation is established, the use of silt fences/hay bales will not be required.
Surface water run-off from stockpile areas will be routed through silt fences/hay bales to aid in

prevention of on-site ditches and storm water management basins.

Vegetation will be established as soon as practical on all areas that will not be part of daily
operation prior to closure. The vegetation shall be properly maintained (i.e. mowed, fertilized, re-
seed) to assure its growth. The facility operating plan addresses erosion and sediment control

practices during the active period of the landfill.

1.2.5.3 Run-Off Control System
Silt fences/hay bales shall be constructed at the toe of all slopes greater than 100 feet in length,

At periodic intervals not to exceed 200 feet, silt fences/hay bales shall be provided in collection
ditches until vegetation has been established. Actual spacing of silt fences/hay bales will be
adjusted for the steepness of the ditch slope. Silt fences/hay bales will be maintained in order to
ensure minimization of silt transportation and cleaned when sediment exceeds one-half the height
of the fence. Once vegetation is established, the use of silt fences/hay bales will not be required.
Sediment fences/hay bales along with rock check dams are utilized in ditches to capture sediment

before it reaches the ponds, and to reduce storm flow velocities. Surface water run-off from
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stockpile areas will be routed through silt fences/hay bales to aid in prevention of siltation of on-

site ditches and stormwater management basins. Vegetation will be established as soon as
possible on all areas that will not be part of daily operation. The vegetation shall be properly

maintained (i.e., mowed, fertilized) to assure its growth,

To provide for controlled drainage of storm water from the final cover system to the storm water
management basins, precipitation falling on the landfill will be directed to engineered diversion
ditches by final cover contours. Sheet 10A of the permit drawing package illustrates the final
grading contours, which have been designed to reduce hydraulic length and the surface arca
contributing to sheet flow. The grading and ditch design will properly manage storm water and

will significantly reduce erosion.

Diversion ditches have been designed to safely flow the runoff from the 25-year, 24-hour design
storm event. The ditches will be lined with graded crushed stone or vegetated as required. Rock

check dams will be located at strategic positions along each reach to reduce flow rates.

Surface water run-on and run-off will be diverted around the operating area by the means of
interceptor ditches or diversion berms as necessary. Permanent run-on and run-off structures
(i.c., culverts, ditches, stormwater management basins) will be designed and constructed to

manage peak discharge from a 100-year 24-hour storm event,

Three storm water management basins will be used to control surface water run-off and sediment
leaving the site. A detailed description of the stormwater basin design information, flow
calculation and spillway design is provided in the Section 5, Storm Water Calculation, of this Part

2B Permit Application Expansion Package.

1.2.6 Groundwater Monitoring Plan

1.2.6.1 Compliance Monitoring Boundary
The compliance monitoring boundary shall be an imaginary line encompassing the limits of waste

for all of the Class I waste disposal areas on the landfill property. For this site the compliance

monitoring boundary is shown on Sheet 4 of the permit drawing package.

1.2.6.2 Groundwater Monitoring Well and Analysis
The proposed groundwater monitoring plan consists of four monitoring wells. Weil MW-4R is

the up gradient (background) well and wells MW-03, MW-06 and MW-07 are the downgradient
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(compliance) wells. The proposed locations of these monitoring wells are shown on Sheet 4 of

the permit expansion drawing package.

The groundwater monitoring plan for the remaining closure/post closure period calls for

semi-annual sampling and analysis of the parameters summarized in Tables 1 and 2 below.
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TABLE 1: INORGANIC CONSTITUENTS
Antimony Lead
Arsenic Mercury
Barium Nickel
Beryllium Selenium
Cadmium Silver
Chromium Thallium
Cobalt Vanadium
Copper Zine
Fluoride
TABLE 2: ORGANIC CONSTITUENTS
Acetone trans-1,3-Dichloropropene
Acrylonitrile Ethylbenzene
Benzene 2-Hexanone; Methyl butyl ketone
Bromochloromethane Methy! bromide; Bromomethane
Bromodichloromethane Methyl chloride; Chloromethane
Bromoform; Tribromomethane Methylene bromide; Dibromomethane
Carbon disulfide Methylene chloride; Dichloromethane
Carbon tetrachloride Methyl ethyl ketone; MEK; 2-Butanone
Chlorobenzene Methyl iodide; Jodomethane

Chloroethane; Ethyl chloride

4-Methyl-2-pentanone; Methy! isobutyl
ketone

Chloroform; Trichloromethane

Styrene

Dibromochloromethane;
Chlorodibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane; DBCP

1,1,2,2-Tetrachloroethane

1,2-Dibromoethane; Ethylene dibromide;
EDB

Tetrachloroethylene; Tetrachloroethene;
Perchloroethylene

o-Dichlorobenzene; 1,2-Dichlorobenzene

Toluene

p-Dichlorobenzene; 1,4-Dichlorobenzene

1,1,1-Trichloroethane; Methylchloroform

trans-1,4-Dichloro-2-butene

1,1,2-Trichloroethane

1,1-Dichlorocthane; Ethylidene chloride

Trichloroethylene; Trichloroethene

1,2-Dichloroethane; Ethylene dichloride

Trichlorofiuoromethane; CFC-11

1,1-Dichloroethylens; 1,1,-Dichloroethene;
Vinylidene chloride

1,2,3-Trichloropropane

cis-1,2-Dichloroethylene; cis-1,2-
Dichloroethene

Vinyl acetate

trans-1,2-Dichioroethylene; trans-1,2- Vinyl chloride
Dichloroethene
1,2-Dichloropropane; Propylene dichloride Xylenes

cis-1,3-Dichloropropene

Monitoring data will be reported in writing to the TDEC within 60 days after completion of the
analysis. Additionally, records of all groundwater monitoring activities will be maintained

throughout the active life of the facility and the post-closure care period,
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1.2.6.3 Groundwater Sampling Protocol
Prior to any pumping or bailing of wells, the groundwater surface elevation will be determined

and recorded at each monitoring well before each sampie extraction. Prior to sample collection,
three well volumes will be purged from each well. Wells which have a slow recovery rate will be
allowed a maximum recovery period of 72 hours. Wells which cannot recover sufficiently for

sampling in the allowed period will be considered dry for that sampling event.

Sampling will be accomplished with disposable bailers or pumps. Groundwater samples will be
placed in properly prepared and preserved bottles equipped with Teflon lined caps then packed in
ice for transportation to the laboratory. A Chain-of-Custody form will accompany all samples

from the time they are collected until they are relinquished to the laboratory.

In addition to the laboratory analysis to be performed on all water samples, field analysis will
include water level, pH, specific conductance, and temperature. A groundwater sampling form
will be utilized to record pertinent information derived in the field for each sampling event. The

monitoring records will include the following information:

e date, exact place, and time of sampling;

¢ individual(s) performing sampling;

¢ date(s) analyses were performed,

¢ techniques (including equipment utilized) used for the analysis; and,

¢ analytical results.

1.2.7 Leachate Collection, Removal and Treatment System

The leachate management system will continue to operate as described in the facility/operational

plan.
Closure activities which will limit the amount of leachate to be handled include:

o Well graded top and sideslopes to quickly convey rainfall off the landfill thus
minimizing ponding and infiltration.

¢ A surface water management system consisting of swales and corrugated plastic pipe
to remove stormwater from the landfill surface while minimizing erosion.

¢ A VLDPE or approved alternate top cap liner to reduce percolation into the landfill
thus limiting leachate generation.

* A well-vegetated final cover to limit percolation, improve evapotranspiration and
prevent erosion of the cover soil.
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The HELP computer mode! was used to simulate the amount of leachate collected by the system.

Leachate from the disposal areas will be pumped from Module sump pumps via forcemain to the
100,000 gallon storage tank. A leachate pump will then be used to move the leachate from the
leachate storage tank into an on-site force main to the Loudon Utilities Public Sanitary Sewer

System.

The Hydrologic Evaluation of Landfill Performance (HELP) model was used in the design of the
leachate collection system. Results of the HELP model and a brief narrative are presented in

Section 4, Leachate Collection System, of this Part 2B Permit Expansion Application Package.

1.2.8 Landfill Gas Management System

The migration of landfill gases generated by the decomposition of solid wastes at the MBL will

be controlled through a passive venting system.

To determine if landfill gas begins to migrate off-site, methane gas will be monitored at the
compliance monitoring boundary. Monitoring will also be conducted in facility structures.
Monitoring procedures are in accordance with Section 1.2.8.2, "Landfill Gas Sampling Protocol,”
of this document. Methane gas concentration monitoring will be a part of the post-closure care
period activities. If necessary, landfill gas migration control will be performed in accordance

with Rule 0400-11-01-.04(5)(a).

The gas venting system indicated in this plan is for a passive gas system which meets the current
regulatory requirements for this facility. The closure gas venting system will consist of a series
of interconnected gas collection trenches. These trenches will be spaced at a maximum distance
of 100-ft. and will be 18-in. wide and 18-in. deep. A geotextile will encapsulate the washed
crushed stone placed in the trenches. A 3-in diameter perforated HDPE pipe will be placed in the
trenches to convey the gas to the passive gas vents. An active gas system may be designed and
installed at this facility in the future. Whether voluntary or required by regulations, a minor

modification will be prepared prior to installation of an alternate active gas system.

1.2.8.1 Landjfill Gas Monitoring Plan
Landfill gas will be monitored in the following locations:

e Along the compliance monitoring boundary as shown on Sheet 4 of the permit
drawing package.
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Monitoring inside all permanent structures at a rate of one test every 2,000 fi* or one
test in every structure. Tests should be performed along exterior walls at columns
and/or construction joints. In addition, cracks or expansion joints of building slabs
on grade are possible monitoring locations.

If concentrations of explosive gases at the compliance monitoring boundary exceed the lower

explosive limit (LEL), the following precautions shall be met:

Immediate implementation of all necessary steps to ensure protection to human
health.

Within 48 hours, notification of the Tennessee Division of Solid Waste Management.

Within 14 days, chronicle in the facility's operating records detectable gas levels and
steps taken to protect human health.

Within 90 days of detection, propose remediation plan for release of methane gas.
The TDEC Division of Solid Waste Management will be notified of remedial plan
and implementation schedule.

If explosive gas concentrations in facility structures exceed 25% of LEL, the following

precautions will be taken:

evacuate facility structures,
ventilate facility structures,
notify the Matlock Bend Fire Department, and

post notification on all facility entrances stating occupying building is prohibited.

1.2.8.2 Landfill Gas Sampling Protocol

A,

Monitoring Equipment

Methane gas monitoring is to be performed with a meter scaled at 0-100% of LEL and
Percent of Total Gases. The LEL is the lowest concentration of a gas (as a part of total
gases) that will result in an explosion if an ignition source is present (at 25°C and

atmospheric pressure).

Monitoring Frequency
Monitoring is to take place at least quarterly. Monitoring must also take place

immediately if regular inspection reveals signs of landfill gas (LFG) migration.

Signs of LFG Migration
During quarterly gas monitoring events, landfill personnel will note possible signs of

LFG migration which may include:
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e Stress in vegetation in or around site (stress could include stunted growth,
wilting, color changes, etc.), and

¢ Inability to grow vegetation (bare spots) in or around Site,

Upon noting possible gas migration indicators noted above, the cause of the stress shall
be verified. If the cause of the stress is determined to be gas migration, the area of
stressed vegetation shall be monitored for the presences of landfill gas through bar hole
methods as describe below under Monitoring Methodology. If the cause of the stress is
determined not to be from gas migration, gas monitoring will continue along the

compliance monitoring boundary.

D. Monitoring Methodology
L. Always extinguish all smoking materijals before testing for LFG.
2. Monitor ambient air for landfill gas a minimum of every 100 feet inside/along the

compliance monitoring boundary.

3. Methodology at location of LFG migration signs which are not in a final cover
area:
a. Punch a bar hole approximately 18 — 24 inches deep.
b. Take readings in the bottom of hole.
c. Record readings and location.
4. Methodology at location of LFG migration signs which are in a final cover area:
a, Inspect the area for cracks or signs of damage to the final cover.
b. Take readings in the area of vegetative stress.
c. Record readings and location.

1.3 Post Closure Plan

1.3.1 General

The Post-Closure Plan and care activities for the MBL will include routine site inspections,

monitoring, maintenance, and repair. The objective of these activities is to continue to minimize:
¢+ maintenance requirements and

» threats to human health and the environment from waste constituents or by-products.

The post-closure activities will continue for a period of 30 years after closure is complete. This is
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in accordance with Rule 0400-11-01-,04(8)(d).

1.3.2 Maintenance of Final Cap System

The final cap system will be inspected to ensure that the integrity of the closure cap is maintained.
Any effects of erosion will be remediated as soon as possible. Any damaged materials will be
repaired with the same type of material originally installed and constructed in accordance with the

original plans.

The operator will ensure that a healthy vegetative cover is maintained over the cap system and the
remainder of the Site. This will include re-seeding, mulching, fertilizing, and mowing, as well as

final cover and side-slope repair, on an as-needed basis.

1.3.3 Maintenance of Surface and Stormwater Management System

All drainage structures will be inspected and maintained to prevent seitlement, erosion, and
clogging, and to ensure proper drainage of the landfill as designed. Culvert inlets and outlets will
be visually inspected and cleaned as necessary to ensure proper operation of the landfill drainage

system design.

Stormwater management basins will be dredged, as necessary during the post-closure care period

to remove silt accurnulation, as required to maintain the designed stormwater storage volume.

1.3.4 Maintenance of Groundwater Management System

1.3.4.1 Groundwater Monitoring Weil
The groundwater monitoring wells are described in Section 1.2.6.2. These wells are intended to

be used for the entire post-closure period.

1.3.4.2 Groundwater Analysis
Beginning at the post-closure care period, all wells shall be monitored in accordance with

Tennessee Rule Chapter 0400-11-01-.04(7)(a) 4 through 6. Throughout the post-closure care

period, each well will be sampled on a semi-annual basis for the following parameters:
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TABLE 3: INORGANIC CONSTITUENTS

Antimony Lead
Arsenic Mercury
Barium Nickel
Beryllium Selenium
Cadmium Silver
Chromium Thallium
Cobalt Vanadium
Copper Zinc
Fluoride
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TABLE 4: ORGANIC CONSTITUENTS

Acetone trans-1,3-Dichloropropene
Acrylonitrile Ethylbenzene

Benzene 2-Hexanone; Methy! butyl ketone
Bromochloromethane Methyl bromide; Bromomethane
Bromodichloromethane Methy! chioride; Chloromethane
Bromoform; Tribromomethane Methylene bromide; Dibromomethane
Carbon disuifide Methylene chloride; Dichloromethane
Carbon tetrachloride Methyl ethyl ketone; MEK; 2-Butanone
Chlorobenzene Methyl iodide; Iodomethane

Chloroethane; Ethyl chloride

4-Methyl-2-pentanone; Methyl isobutyl
ketone

Chloroform; Trichloromethane

Styrene

Dibromochloromethane;
Chlorodibromomethane

1,1,1,2-Tetrachioroethane

1,2-Dibromo-3-chloropropane; DBCP

1,1,2,2-Tetrachioroethane

1,2-Dibromoethane; Ethyiene dibromide;
EDB

Tetrachloroethylene; Tetrachloroethene;
Perchioroethylene

o-Dichlorobenzene, 1,2-Dichlorobenzene

Toluene

p-Dichlorobenzene; 1,4-Dichlorobenzene

1,1,1-Trichloroethane; Methylchloroform

trans-1,4-Dichloro-2-butene

1,1,2-Trichloroethane

1,1-Dichloroethane; Ethylidene chloride

Trichloroethylene; Trichloroethene

1,2-Dichioroethane; Ethylene dichloride

Trichlorofluoromethane; CFC-11

[,1-Dichloroethylene; 1,1,-Dichloroethene;
Vinylidene chloride

1,2,3-Trichloropropane

cis-1,2-Dichloroethylene; cis-1,2- Vinyl acetate
Dichloroethene

trans-1,2-Dichloroethylene; trans-1,2- Vinyl chloride
Dichloroethene

1,2-Dichloropropane; Propylene dichloride Xylenes

cis-1,3-Dichloropropene

1.3.5 Monitoring and Maintenance of the Leachate Management System

The leachate collection and removal system will be maintained throughout the post-closure care
period. Inspection of all appurtenances (e.g., valves, pumps, etc.) of the system, including the
leachate transfer facility, will be conducted with any necessary remedial actions performed as
soon as possible. Leachate will continue to be collected in the leachate storage tank and pumped
via the forcemain into the public sewer system of the Loudon Utilities Wastewater Treatment

Plant (or other permitted disposal site), as required, during the post-closure care period.

Samples of the leachate will be collected and analyzed as required by the Loudon Utilities

Wastewater Treatment Plant,



Matlock Bend Class I Landfill Expansion
Closure/Post-Closure Plan - 18- August 2009
Revised May 2013
Revised February 2014

1.3.6 Monitoring and Maintenance of the Landfill Gas Management System

The primary function of the landfill gas management system is to control odor, explosive gas
emissions, and their migration off-site. Methane gas surveys will be conducted during the first
year of post-closure and quarterly thereafter. The survey shall be composed of ambient air
samples collected once every 100 ft along the compliance monitoring boundary, and once in
every room of every structure on the landfill property. Samples shall be analyzed by the use of a
combustible gas indicator, which has direct methane gas measurement capability. The results of

the quarterly survey will be maintained as part of the permanent records.

The landfill gas vents will be visually inspected periodically to ensure proper operation. Any

damage to the vents will be repaired as soon as practical.

1.3.7 Schedule for Inspections during Post-Closure

A schedule for performing inspections will be as follows:

Item Frequency
Final Cap System Quarterly
Surface and Stormwater Management System Quarterly
Groundwater Management System Semi-Annually
Leachate Management System Monthly
Landfill Gas Management System Quarterly

Any systems that are found to be functioning improperly or are damaged will be repaired as soon

as practical in accordance with this plan.

1.3.8 Post-Closure Land Use

There is no proposed tand use for the closed landfill at the time of this submittal,
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2.0 CLOSURE AND POST-CLOSURE CARE COST ESTIMATES

2.1 Introduction

The cost estimates in this document are budgetary estimates. Costs are based on a variety of
information including quotes from manufacturers, generic unit costs, vendor information, and
prior experience. Cost estimates are developed for total closure of the MBL — Modules A
through N totaling approximately 67 acres will be used for disposal. Actual closure and post-
closure costs depend on true labor and material costs, actual site conditions, competitive market

conditions, final project scope, implementation schedule, and any other variable factors.

Regarding financial assurance, the planned cost to completely close the Matlock Bend Class I
Landfill is defined, Cost information represented in the following tables, "Table 5 - Closure
Cost" and "Table 6 - Post-Closure Cost," are in a format which models Cost Estimate Work

Sheets A and B, as recommended by the TDEC, Division of Solid Waste Management.
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closure cap after all available airspace has been utilized or exhausted. These time allowances and

provisions are in accordance with Rule 0400-1-7-.04(8)(c) 1 through3, respectively. If

contingencies force exceptions to the schedule times set forth above, Santek will request a waiver.

In accordance with Rule 0400-1-7-.04(8)(c)2, construction of final closure is not required until

the landfill reaches final grade, which is approximately 1,125 ft. msl. Final closure placement at

the end of a landfill’s operational life has its advantages, as referenced below:

1)

The Matlock Bend Landfill has several opportunities for future expansion. If

2)

partial closure construction were to occur and the landfill expanded prior to the

end of its operational life, then the final cap would need to be removed prior to

additional waste placement, thereby squandering the resources required to

construct the closure cap.

The construction of partial closure can be more susceptible to veneer slope

3)

failures. This can be attributable to storm water run-on in the higher portions of

the partial closure. The run-on can slowly erode the anchor trench, sending water

beneath the geosynthetics, thereby creating a veneer slope failure. If final closure

were to occur once the apex of the landfill were constructed, then the possibility

of storm water run-on flowing beneath the geosynthetics is greatly reduced.

Settlement in the waste mass is another reason to construct final closure at the

end of the landfill’s useful life. Settlement is generally uneven and can be up to

20% of the overall landfill height. Allowing the majority of the settlement to

occur prior to closure will allow for additional waste placement over the settled

waste as well as allowing for uneven arecas to be filled to minimize stress on

geosynthetic components in the final closure cap.

Although placing final closure over the 67-acre landfill at one time is advantageous for the

reasons mentioned above, partial closure may be requested through the minor modification

process in the future. The Loudon County Solid Waste Disposal Commission or Santek, may

request a minor modification to allow for partial closure in areas deemed necessary. The

following reasons are a few examples that could lead to a minor modification request:

1) A remedial effort in the event of an environmental release where partial
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closure would resolve the issue.

2) The installation of an active gas collection and control system to capture

more landfill gas and reduce air infiltration into the waste mass.

3) Partial closure could be deemed beneficial in reducing storm water

infiltration thereby reducing leachate volumes and disposal costs.

Santck will notify TDEC in writing within 60 days when all closure activities are complete. This
notification will include a certification that the area has been closed in accordance with this

Closure/Post-Closure Plan. This is in accordance with Rule 0400-1-7-.04(8)(c)9.

Within 90 days of completing final closure of the entire landfill, and prior to the sale or lease of
the property, Loudon County Solid Waste Disposal Commission or Santek will ensure that a
notation is recorded on the property deed, or on some other instrument which is normally
examined during a title search, that will perpetually notify any person conducting a title search

that the land has been used as a waste disposal facility. This is in accordance with Rule 0400-1-

7-.04(8)(f).

1.2.3 Final Cap Design

The MBL will be closed with a final cap designed to achicve the following:

e reduce and minimize infiltration of precipitation through the top surface of the
landfill so that infiltration volume will be equal to or less than the percolation volume
through the bottom liner system;

e minimize maintenance;
o promote efficient drainage while preventing excessive erosion of the final cover; and,

e allow for settling and subsidence while maintaining the integrity of the cap system.

The final cap will incorporate the following closure system profile:
e 24 inches of vegetative cover;

e a drainage layer consisting of a polyethylene geonet sandwiched between two layers
of non-woven geotextile fabric;

e A 40 mil very low-density polyethylene (VLDPE) textured geomembrane ;

e 12 inches of 90% standard proctor compacted soil;



