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HUSHMAND ASSOCIATES,  INCORPORATED

250 Goddard     Irvine, California 92618     (949) 777-1266     Fax (949) 777-1276 
www.hushmand-associates.com 

May 2, 2011

Golder Associates Inc. 
230 Commerce, Suite 200 
Irvine, California, USA 92602  
Mr. Ryan Hillman, P.E. 

SUBJECT: SLOPE STABILITY ANALYSIS 
KETTLEMAN HILLS FACILITY 
LANDFILL UNIT B-18, PHASE IIIA EXPANSION 
KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA 
HAI PROJECT NO. GLD-11-001

This letter report summarizes the results of Hushmand Associates, Inc. (HAI) slope stability 
analyses for the proposed Phase IIIA temporary waste slopes of the Class I/II (hazardous and 
designated wastes) Landfill Unit B-18 at Chemical Waste Management (CWM) Kettleman Hills 
Facility (KHF).  The KHF is located in Kettleman City, Kings County, California approximately 
one mile north of State Route 41 and 2.5 miles west of Interstate Freeway 5. 

CWM is planning to construct the proposed Landfill B-18 Phase III expansion in 2 phases – 
Phase IIIA and Phase IIIB.  The proposed final cover grades analyzed previously (HAI 2008 and 
2009) are not changing; however, CWM has requested a static stability analysis be conducted for 
the temporary waste slope that would be formed at the Phase IIIA-IIIB interface. 

This report presents the results of static slope stability evaluations for the most critical slope 
cross section of the temporary Phase IIIA expansion area of the landfill, identified and provided 
by Golder Associates Inc. (Golder).  More details on the project background, project description, 
and regulatory requirements are provided in Golder’s report (2011).

Material Properties 

Key material properties of various components of the landfill needed to perform static slope 
stability analyses are: (1) unit weight, and (2) shear strength parameters.   

Detailed site-specific information on waste, existing liner systems, and foundation bedrock 
material properties are provided in the design and conformance testing reports prepared during 
early 1990’s (Golder, 1990, 1991; ESI, 1990, 1992, 1993), and more recent reports prepared for 
Kettleman Hills Facility (Rust, 1998; URS, 2005; HAI, 2008, 2009). HAI (2008) recommended 
that assumed properties used for design be further verified by performing site-specific tests on 
the actual materials that would be used during construction. Golder performed site-specific 
laboratory testing on the proposed liner system materials for the landfill expansion area to verify 
the interface properties. The proposed Phase III liner system configuration is shown in Appendix 

http://www.hushmand-associates.com
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A. Interface shear strength testing was performed on the sandwich-like multilayer structure of the 
Phase III liner system.  The test results indicated that the weakest interface was the double sided 
(DS) geocomposite and 60-mil textured HDPE geomembrane for all applied normal loads.  The 
peak interface shear strength properties were measured as approximately � = 26� and C = 0.  
Additional testing also confirmed these results.  Appendix A provides results of the interface 
shear tests performed on the Phase III proposed liner system materials. To be conservative 
reduced shear strength properties of � = 22� and C = 0 were chosen for this static slope stability 
analyses. The material properties of the waste and liner interfaces used in the static stability 
analyses of Phase IIIA temporary slopes are shown in Table 1. 

Table 1. Selected Material Properties for Static Stability Analysis 

(1) Environmental Solutions, Inc. (1990, 1992, 1993); Rust Environmental & Infrastructure, Inc. (1998); URS (2005). 
(2) Golder Associates, Inc. (2011). 

Stability Analysis 

Conventional two-dimensional (2-D) limit-equilibrium stability analyses were performed for the 
existing bottom/side slope liner and waste fill slopes using landfill cross section B-B’ (see Figure 
1). The computer program GSTABL7 v. 2.005 developed by Gregory Geotechnical Software 
was used to calculate the factors of safety against potential failure. The program uses 2-D limit 
equilibrium theory to provide general solutions for slope stability problems with provisions of 
using the Modified Bishop, Modified Janbu, or Spencer Methods.  Both circular and non-circular 
potential sliding surfaces can be prespecified or randomly generated.  The Spencer, and Modified 
Janbu methods were used for this study.  The minimum factor of safety was obtained by varying 
the initiation and exit points of the trial failure planes. 

The Modified Janbu Method of analysis, which normally provides conservative results, was 
initially used to evaluate a large number of potential failure mechanisms for each cross section 
analyzed.  At least hundred (100) potential failure surfaces are randomly generated by the 
program and the most critical surface resulting in the lowest factor of safety is identified.  The 
most critical failure plane determined by the Modified Janbu Method is then reanalyzed using the 
Spencer Method.  This method satisfies both force and moment equilibrium and thus provides 
more realistic (usually higher) estimates of the factors of safety. The Janbu method is generally 
more conservative compared with the more rigorous Spencer Method and typically results in 
lower factors of safety than the Spencer Method.

Material/Interface Unit Weight
�

(degree) 
C

(psf)

HW 1 115 pcf 31 0 

Bedrock 1 150 pcf 40 800 

Expansion Area Liner Interface 2 ---- 22 0 
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The GSTABL 7 output plots, presented in Appendix B, illustrate the 2-D cross section, various 
potential failure surface conditions considered, and the most critical failure surfaces analyzed in 
the stability analysis of the proposed landfill temporary fill slopes. The failure surface with the 
lowest factor of safety is identified with two arrows at its initiation and termination points. The 
factor of safety for the most critical potential failure plane (a deep failure plane along the Phase 
lIlA liner) computed using Spencer method was equal to 1.52. 

Conclusion 

This report addresses static stability of the landfill slopes for the proposed temporary Phase IlIA 
fill configuration of the Landfill B-1 8. The presented analyses demonstrated that computed 
static factors of safety is higher than 1.5 for the analyzed section. The analyses indicated that the 
proposed Phase IlIA temporary landfill configuration would result in a stable configuration 
under static loading conditions in compliance with applicable regulations. 

Closure 

We trust this report meets your present requirements. If you have any questions regarding this 
report, please contact this office at your convenience. We appreciate this opportunity to provide 
our professional services to Golder. 

Sincerely yours, 

Very truly yours, 

HUSHMAND ASSOCIATES, INC. 

Naz Mokarram, Ph.D. 
Senior Staff Engineer 

Ben Hushmand, Ph.D., P.E. 44777 
President, Principal Engineer 

l?IA~ --------- -------------- Page3 
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TABLE 1
CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

Reviewed By:
PGL Job No. Date: __________

TEST CONFIGURATION  1

62070
44500
62070
44501
62009

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".
2. The Maximum Dry Density (MDD) of the soil  is 111.8 pcf  at 16.4% Optimum Moisture Content (OMC).
3. Soil specimen was remolded to 102.86 pcf ; i.e.. 92.0% of MDD at 20.5% moisture content.

(forming 2 inch layer  in the TOP and BOTTOM boxes).
4. The three intermediate geosynthetic specimens were floating during shear run.
CONSOLIDATION:
1. Each set of specimen was consolidated under Dry condition for 24 hrs @ normal load before shearing.

2.
SHEAR TEST:
1. Shear test was conducted  @ 0.040 in/ min.
2. Sheared   @    minimu 3.0 inch horizontal displacement.
3. Test specimens were sheared i condition.
4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

POST- PEAK STRENGTH AT 3.0 INCHES

Before After Before After Before After Before After Before After

(psi) (psf) (mils) (mils) (mils) (mils) (mils) (mils) (mils) (mils) (%) (%) (psf) (degrees)

34.7 5,000 23.7 23.1 24.4 23.2 23.5 19.4 24.4 23.7 20.5 18.6 2,709 28
69.4 10,000 23.7 22.9 23.7 22.3 22.9 17.7 24.3 22.1 20.5 19.8 4,737 25
104.2 15,000 24.6 22.8 25.3 24.6 24.8 16.3 24.0 23.0 20.5 20.1 7,953 28

Note:
N/A - Not Applicable

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.

OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.
2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).
3. Sliding occurred between  the DS Geocomposite (C# 62070) and 60 mil HDPE (C# 44501) on all loads.
   See attached photos (907-1-15,000 psf / 907-1-10,000 psf  / 907-1-5,000 psf).

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243)
G090907

Shear 
Stress

Secant 
Angle

TOP BOX

Dry

Asperity Heights (C#44500)

UP DOWN

BOTTOM BOX

2-Oct-09

12.1
0.52

COHESION   (psf) : 0

2,032

19
0.21

SKAPS, 8oz DS Geocomposite, TN 220-2-8

Shear Stress

Normal Stresses 
Applied

(psf)

(Floating) GSE,  60 mil DS Textured HDPE

 Asperity Heights (C# 44501)

NA

27.7
COEFFICIENT OF FRICTION :

FRICTION ANGLE   (degrees) :

(as shown)

11
1,148

(as shown)

Secant Angle

(degrees)

Moisture Content
(Soil)

PEAK STRENGTH

(Floating) GSE,  60 mil DS Textured HDPE
(Floating) SKAPS, 8oz DS Geocomposite, TN 220-2-8

13

3,283

Clay Soil

(NA)

(NA)

Normal loads were applied using   Hydraulics  for the highest load,  Bladder   for the intermediate and lowest loads.
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TABLE 1-A
CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243) Reviewed By:
PGL Job No. Date: __________

TEST CONFIGURATION  1-A

62070

Control No.

44503

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".

2. Geosynthetic specimens were secured via flat bar clamping mechanisms complete with bolts and nuts (7-pairs).
CONSOLIDATION:
1. The specimen was consolidated under Dry condition for 2 hrs @ normal load before shearing.
2. Normal load was applied using Bladder

SHEAR TEST:
1. Shear test was conducted  @ 0.04 in/ min.
2. Sheared   @    minimum 3.0 inch horizontal displacement.
3. The test specimens were sheared at Dry condition .
4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

Shear
Stress

(psi) (psf) (psf) (degrees)

69.44 10,000 4940 26
OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.

2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).
3.  Sliding occurred between the two interfacing surfaces.

25.5 18.4

G091078

Shear Stress

Interface

(NA)

TOP BOX

GSE, 60 mil DS Tetxured HDPE

PEAK STRENGTH

After

3.0

Secant Angle

INCHESPOST- PEAK STRENGTH AT
Asperity Heights

Secant 
Angle

12

(degrees)

2135

(psf)

19-Oct-09
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Before

                                             VS.  

SKAPS, DS Geocomposite, TN 220-2-8
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TABLE 1-B
CLIENT: GOLDER & ASSOCIATES

PROJECT: KETTLEMAN HILLS

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243) Reviewed By:
PGL Job No. Date: __________

TEST CONFIGURATION  1-B

62071

Control No.

44504

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 14" x 17" for the upper box, and 14" x 19" for the lower box,

with an effective test area of 12" x 12".

2. Geosynthetic specimens were secured via flat bar clamping mechanisms complete with bolts and nuts (7-pairs).
CONSOLIDATION:
1. The specimen was consolidated under Dry condition for 2 hrs @ normal load before shearing.
2. Normal load was applied using Bladder

SHEAR TEST:
1. Shear test was conducted  @ 0.04 in/ min.
2. Sheared   @    minimum 3.0 inch horizontal displacement.
3. The test specimens were sheared at Dry condition .
4. Test were performed in general accordance with ASTM D6243 / ASTM D5321

using Brainard-Kilman LG-112 Direct Shear machine with effective test area of 12 in X 12 in.

TEST RESULTS:

Shear
Stress

(psi) (psf) (psf) (degrees)

69.44 10,000 4903 26
OBSERVATIONS: 1. No tilting of the system or any abnormalities observed during and after the test.

2. Superficial abrasion on the geosynthetics interfacing sides (typical to all loads).
3.  Sliding occurred between the two interfacing surfaces.

24.8 19.3

G091078

Shear Stress

Interface

(NA)

TOP BOX

GSE, 60 mil DS Tetxured HDPE

PEAK STRENGTH
Asperity Heights

Secant 
Angle

3.0
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INCHESPOST- PEAK STRENGTH AT

13

(degrees)

2282

(psf)After
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APPENDIX B 
 

SLOPE STABILITY ANALYSIS 
PLOTS 
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SLOPE STABILITY ANALYSIS REPORT 

KETTLEMAN HILLS FACILITY 
HAZARDOUS WASTE LANDFILL UNIT B-18 EXPANSION 

KETTLEMAN CITY, KINGS COUNTY, CALIFORNIA

1.0 INTRODUCTION

1.1  GENERAL 

This report summarizes the results of Hushmand Associates, Inc. (HAI) slope stability analyses for 
the proposed expansion of the existing Class I/II (hazardous and designated wastes) Landfill Unit B-
18 at Chemical Waste Management (CWM) Kettleman Hills Facility (KHF).  The KHF is located in 
Kettleman City, Kings County, California approximately one mile north of State Route 41 and 2.5 
miles west of Interstate Freeway 5. 

In 2005, URS Corporation (URS) prepared a stability analysis report as part of an Environmental 
Impact Report (EIR) for the proposed Landfill Unit B-18 expansion (URS, 2005).  To improve the 
proposed landfill expansion design, Golder Associates, Inc. (Golder) recently proposed some 
modifications to the URS final fill plan (Golder, 2008a, 2008b).  These modifications required 
additional slope stability evaluations to demonstrate conformance of the proposed revised fill plan 
with regulatory requirements.  A preliminary slope stability analysis report was then prepared by 
HAI (2008) in support of the EIR preparation for the proposed landfill expansion (CH2M Hill, 
2008).

This report provides detailed stability evaluations for design of the revised landfill expansion fill 
plan, and is an appendix to a comprehensive design report prepared by Golder for the proposed 
landfill expansion (Golder, 2008b).  The scope of this report is to evaluate static and seismic slope 
stability for the proposed Landfill Unit B-18 expansion fill plan configuration geometry as provided 
by Golder.  Stability of landfill liner and waste slopes were analyzed to meet the design criteria 
discussed in Section 1.3.  More details on the project background, project description, and regulatory 
requirements are provided in the landfill expansion EIR and design report (CH2M Hill, 2008; 
Golder, 2008b).

The following sections discuss the site design criteria, design earthquake motions, material 
properties used in static and pseudo-static slope stability and seismic deformation analyses, static 
slope stability and seismic deformation analysis methods, and results of the analyses.
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1.2  BACKGROUND AND PROJECT DESCRIPTION

1.2.1  Background

The presently permitted design of the Class I/II Landfill Unit B-18 was developed in 1990 based on 
the results of detailed seismicity and static and dynamic slope stability analyses (Environmental 
Solutions, Inc. [ESI], 1990 and 1992).  The landfill was constructed in two phases in early 1990’s, 
designated as Phases I and II (see Figure A-1 of Appendix A) with corresponding leachate collection 
and removal systems (LCRSs).  The existing liner systems in the Phase I and II areas meet 
applicable California Code of Regulations (CCR) Title 22 requirements.  The configuration of the 
final fill plan for the 1990 design and existing liner systems for the landfill Phases I and II are 
provided in Appendix A (Figures A-2 to A-4).

1.2.2  Project Description and Scope

The CWM has proposed to expand the existing Class I/II Landfill Unit B-18 to provide an additional 
5.0 million cubic yards of air space for a total capacity of approximately 15.7 million cubic yards.  
The proposed expansion design modifications to the 1990 ESI landfill liner grades and final grading 
plans includes expansion of the landfill footprint (mainly to the west and northwest of the site) 
requiring placement of approximately 12 acres of new composite liner, and increasing the landfill 
height and slope steepness (Figures 1 and 2, respectively).  The expansion will also require rerouting 
of surface water and development of a new lined retention basin southeast of the landfill. Expansion 
of the site requires performing new analyses to demonstrate its conformance with applicable federal 
and state regulations for design of Class I/II landfills.  These analyses include: 

Updating site seismicity and design ground motions using the recent attenuation relationships, 

Static and seismic stability of landfill slopes and liner system for final fill configuration,  

Landfill final cover stability, and 

Waste settlement and its effects on landfill final cover performance.  

This report addresses the first three analysis items listed above (seismicity and ground motions, 
static and seismic stability of landfill slopes and liner system, and landfill final cover stability) and 
includes effects of increased landfill height and slope steepness on stability evaluations.  The 
stability report presented here will be included as part of the Design Report being prepared by 
Golder for the proposed landfill expansion evaluation. The design issues associated with the landfill 
settlement and its effects on landfill cover performance are addressed in the Design Report. 

The proposed final fill plan and landfill cover grades modified from the 1990 ESI final fill plan 
design are shown in Figure 2.  A preliminary fill plan for the proposed Landfill B-18 expansion was 
initially developed, which was then refined based on the results of slope stability analysis iterations 
to arrive at the final fill plan design shown in Figure 2.  Locations and configurations of the cross 
sections, which were evaluated for stability, are shown in Figures 1 through 4. 
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1.3  REGULATORY REQUIREMENTS FOR STATIC AND SEISMIC STABILITY

The existing Class I/II Landfill B-18 was designed in accordance with applicable regulations in CCR 
Titles 22 and 23 and the specific conditions in the site hazardous waste facility permit.  CCR Titles 
22 and 23 require consideration of the Maximum Credible Earthquake (MCE) for Class I landfills.   

MCE is defined by California Geological Survey (CGS) as “the maximum earthquake that appears 
capable of occurring under the presently known tectonic framework.”  Thus, for stability evaluations 
of the expanded Landfill Unit B-18, the MCE is used as the design earthquake and is evaluated for 
faults determined to produce potentially damaging ground motions at the site.  Near- and far-field 
seismic events are evaluated to assure that both higher intensity and lower intensity earthquakes are 
considered.  Near-field events at this site generate shorter duration, higher intensity, and higher 
frequency ground shaking compared to far-field earthquakes that result in longer duration but lower 
intensity and lower frequency ground shaking. 

For seismic stability, the present state-of-the-practice is to estimate landfill slope displacements for 
design earthquakes, using a Newmark (Newmark, 1965) equivalent method, and demonstrate that 
they are below an allowable value that maintains the integrity of the landfill.  Current engineering 
practice for slope stability evaluation along the landfill liner is to allow a maximum seismically-
induced permanent slope displacement of six to twelve inches to correspond to acceptable 
performance for well-designed liner systems (Seed and Bonaparte, 1992).  Class I landfills at KHF 
are designed to meet the lower bound displacement (more conservative) by limiting the maximum 
allowable slope displacement along the landfill liner to only six inches, which is also used in the 
design of the Class I/II Landfill Unit B-18 in this report.  The criteria commonly used for landfill 
cover design, which allows a maximum seismically-induced permanent displacement of up to twenty 
four inches (2 feet) of the final covers, is based on the understanding that these would be relatively 
easily accessible and thus quickly repairable in the event of damage by a major seismic occurrence. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 4 September 2008 

2.0  SITE DESIGN GROUND MOTIONS 

2.1  PREVIOUS SITE DESIGN GROUND MOTIONS 

A detailed discussion of the site geology, faulting, and seismicity was presented in the design report 
prepared for Landfill Unit B-18 (ESI, 1990) and more recent reports prepared for Landfill Unit B-19 
at Kettleman Hills Facility (Rust Environment & Infrastructure [Rust], 1998; URS, 2005; HAI, 
2006).  Deterministic and probabilistic seismic hazard evaluations of the site were performed by 
Rust (1998), and also independently by William Lettis & Associates (WLA), reported as Appendix 
A of the 1998 Rust report.  The ground motions and seismic design parameters presented in the 1998 
Rust report were used in the 2005 URS and 2006 HAI reports, which were also used in the 
preliminary seismic deformation analyses performed for the Landfill B-18 expansion EIR 
preparation (HAI, 2008a). The following summarizes results of the 1998 seismic ground shaking 
evaluations and the selected ground motions used in two-dimensional seismic response analyses at 
the KHF site: 

The closest seismic sources to the site are segments of the blind Ramp Thrust Fault that is 
present beneath the site at approximate distances of 8 to 27 km, while the most active 
sources in the site area are associated with the San Andreas Fault zone at a distance of about 
35 km from the site. 

No evidence of fault rupture hazard is known to exist at the project site (i.e., within 200 feet 
of Landfill Unit B-18). 

The Ramp Thrust Kettleman Hills North Dome segment (Magnitude [Mw] 6.6) of the blind 
Ramp Thrust faults and the San Andreas Slack Canyon-Cajon Pass segment (Mw 7.8) will 
produce the highest near-field and far-field ground motions at the site, respectively.  The 
MCE’s associated with these faults were selected as the site design events. 

The deterministic values of peak horizontal ground accelerations (PHGA) for the near-field 
and far-field design events were estimated as 0.57g and 0.21g, respectively.  The calculated 
PHGA of 0.57g approximately corresponds to an average probabilistic return period of 
1,000 years (RUST, 1998). 

Duration of ground shaking is a major factor influencing the level of seismic-induced slope 
displacements.  Empirical relations are available that provide an estimate of earthquake 
shaking duration as a function of earthquake magnitude, distance, and site condition 
(Abrahamson and Silva, 1996).  Using the Abrahamson and Silva empirical relationship the 
ground shaking duration for Landfill Unit B-18, which is characterized as rock site, is 
estimated to be about 10 seconds and 32 seconds for the near-field design event (M = 6.6, r 
= 10 km) and far-field design event (M = 7.8, r = 35 km), respectively.  Duration of the 
ground shaking was used in the simplified Newmark-type seismic deformation analyses for 
the proposed site expansion EIR (HAI, 2008a).
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One “distant” (far-field) and three “local” (near-field) earthquake records were selected and 
scaled to correspond to the design peak horizontal accelerations in rock as design input 
motions.  These records have a peak acceleration, frequency content, and duration 
representative of the expected earthquake motions at the site.  The selected records were: 

1)  Caltech A-1 synthetic acceleration time history simulating a M 8+ earthquake on the San 
Andreas Fault, scaled to peak amplitude 0.21g,  

  2)  Seed-Hayward synthetic acceleration time history simulating a M ~ 7 earthquake 
matched to the site design response spectrum to approximate the near-field MCE,  

3) Castaic Old Ridge Route, sedimentary rock outcrop, Ch 1 (90 deg Component) 
acceleration record from the 1994 (MW  6.7) Northridge, California earthquake scaled 
to a peak amplitude of 0.57g, and 

4) Pacoima-Kagel Canyon, sedimentary rock outcrop, Ch 3 (360 deg Component) 
acceleration record from the 1994 (MW  6.7) Northridge, California earthquake scaled 
to a peak amplitude of 0.57g. 

Details of the above site design earthquake parameters derivation, including figures illustrating time 
histories of the selected acceleration records and a comparison of their response spectra with the site 
design response spectrum are provided in the 1998 Rust report.  The 1998 ground motion time 
history and response spectrum plots are also provided in Appendix A of this report. These 
acceleration time histories were adjusted by scaling the peak ground acceleration (PGA). 

2.2 SITE DESIGN GROUND MOTIONS UPDATE 

2.2.1 Site Design Response Spectra 

Deterministic seismic hazard analyses (DSHA) were performed for the Ramp Thrust Kettleman Hills 
North Dome segment of the blind Ramp Thrust faults (Great Valley Fault, Segment 14) and an 
earthquake scenario similar to the San Andreas 1857 earthquake using the latest attenuation 
relationships and the site faulting and seismicity data.  As discussed above, these faults produce the 
highest near-field and far-field ground motions at the site, respectively.  The MCE’s associated with 
these faults were selected as the site design events.  The MCE magnitude and closest source to site 
distance for these faults were updated based on the latest information on the site faulting and 
seismicity.  For the near-field source two different fault geometry models were used in the analyses. 
The first one was based on the fault database developed for the 2008 update of the national seismic 
hazard maps (Petersen et al., 2008) representing the site with averaged seismicity parameters from 
adjacent faults around the site, while the second one was based on an older but site-specific local 
seismicity investigation (Stein and Ekstrom, 1992; Ekstrom et al., 1992).  The magnitude and 
distance values used in the deterministic seismic hazard analyses were: 

Ramp Thrust Kettleman Hills North Dome:  
o (Case 1) Mw  7, Rx  6.5 km, Rrup  10 km, Rupture Width  38.4 km, Top of 

Rupture  8.1 km, and Dip Angle  22 degrees (Petersen et al., 2008) 
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o (Case 2) Mw  7, Rx  8 km, Rrup  8 km, Rupture Width  17 km, Top of Rupture 
 6 km and Dip Angle  45 degrees (Stein and Ekstrom, 1992; Ekstrom et al., 1992) 

San Andreas 1857 Earthquake: Mw  8 and Distance  35 km (Petersen et al., 2008) 

For the near-field source, using the above fault geometries, initially two different deterministic design 
response spectra were developed, and then the site final design response spectrum was generated by 
averaging these two response spectra.  Based on the subsurface geology and results of exploratory 
borings drilled at the site (ESI, 1990; Rust, 1998), ground motion evaluations for the project site were 
performed using four recently developed attenuation relationships for an average shear wave velocity of 
approximately 760 m/s (~ 2500 ft/sec) estimated for the upper 30 meters (~ 100 feet) of the site.   

Attenuation relationships describe the relation of ground motion levels with earthquake magnitude and 
distance (closest distance between site and earthquake rupture plane).  These empirical relationships are 
used to describe the variation of response spectral accelerations at specific structural periods of vibration 
and damping ratios with earthquake magnitude and distance, and to incorporate the local geologic 
conditions and the near-source effects.  The selected attenuation relationships are based on the Next 
Generation Attenuation (NGA) relationships as listed below: 

· Abrahamson and Silva, 2008 
· Campbell and Bozorgnia, 2008 
· Boore and Atkinson, 2007 
· Chiou and Young, 2006 

Figure 5 presents the estimated site design response spectra for the near-field and far-field seismic 
sources (Ramp Thrust Kettleman Hills North Dome and San Andreas faults, respectively).  Based on 
this figure, the deterministic values of PHGA for the near-field and far-field design events were 
estimated as 0.62g and 0.16g, respectively.   

2.2.2 Design Ground Motions 

One “distant” (far-field) and three “local” (near-field) earthquake records were selected and matched 
to the respective site design response spectrum to be used as input motions in site response analysis 
for the landfill.  These records have a peak acceleration, frequency content, and duration 
approximately representative of the expected earthquake motions at the site.  The selected records 
were from the Strong Motion Database of Pacific Earthquake Engineering Research (PEER) Center 
(http://peer.berkeley.edu/smcat/search.html) as listed below: 

- The CHY042, USGS Class B site (Vs* = 360-750 m/s), north component acceleration 
record from the 1999 (MW  7.6) Chi-Chi, Taiwan earthquake 

- The Castaic Old Ridge Route, sedimentary rock outcrop (USGS Class B site, Vs* = 360-750 
m/s), Ch 1 (90 deg Component) acceleration record from the 1994 (MW  6.7) Northridge, 
California earthquake 

http://peer.berkeley.edu/smcat/search.html
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- The Gilroy Array #1, sedimentary rock outcrop (USGS Class A site, Vs* > 750 m/s), 90 deg 
component acceleration record from the 1989 (MW  6.9) Loma Prieta, California earthquake 

- The Pacoima-Kagel Canyon, sedimentary rock outcrop (USGS Class B site, Vs* = 360-750 
m/s), Ch 3 (360 deg Component) acceleration record from the 1994 (MW  6.7) Northridge, 
California earthquake 

Where Vs* is the average shear wave velocity to a depth of 30 m (~ 100 ft). 

The above candidate earthquake records were selected based on the following seismological 
properties:

· Spectral content (initial recordings with energy in the matching frequency band), 
· Magnitude of the design earthquake  0.5, 
· Source to site distance (source to recording station distances of 8 to 35 km), and 
· Rupture directivity. 

Once the reference time histories were selected, they were adjusted to provide the response spectrum 
compatible time histories according to the following approach and criteria: 

1. Adjustment of the response spectrum of the reference time histories was performed using a 
time-domain procedure described by Abrahamson (1991, 1998). 

2. The response spectrum of the spectrum compatible time histories should follow reasonably 
the recommended design response spectra. 

The program EZ-FRISK version 7.26 spectral matching routine (Risk Engineering, 2008) was used 
to develop spectrum-compatible horizontal motions using the above-mentioned startup motions.  
The spectral matching was performed within the frequency range of PGA to 10.0 seconds.  In order 
to remove the drift induced in displacement time histories as a result of spectral matching, the 
baseline correction module of EZ-FRISK was applied to the spectrally-matched ground motions.  
The final design ground motions are baseline-corrected. 

Figures 6 through 17 illustrate plots of the original natural records and the final (the response 
spectrum compatible) time histories and response spectra for the selected earthquake records.  
Acceleration, velocity, and displacement time histories and 5-percent damped acceleration response 
spectra are provided in these plots. 

These four spectrum compatible records were selected as the updated input ground motions for the 
landfill dynamic response analysis based on the site design spectra and seismological properties.  
These motions provide an estimate of the landfill median dynamic response.  The selected records 
were used as input motion in two-dimensional seismic response analysis of the proposed Landfill 
Unit B-18 expansion.  Digitized time history data for the spectrum compatible earthquake records 
are provided in electronic format for use in the analysis.  
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2.3  LIQUEFACTION 

The potential for liquefaction occurrence in the area of the proposed landfill expansion is considered 
to be very low or non-existent.  The KHF site is underlain by Tertiary sedimentary rocks of the 
Etchegoin-Jacalitos (Te), San Joaquin (Ts), and Tulare (Tt) Formations.  The Landfill Unit B-18 is 
located within the San Joaquin Formation sedimentary bedrock.  The San Joaquin Formation 
consists primarily of fine-grained sedimentary rocks, principally shale, claystone, and sandstone, 
which are not susceptible to liquefaction.  Groundwater at the site is also deeper than 50 feet.  
Therefore, based on the site subsurface geology, the potential for liquefaction at the site is very low.  

2.4  SEISMIC SETTLEMENT

Similarly, the potential for seismically-induced settlements of the landfill foundation materials was 
estimated to be negligible based on the subsurface geology and cemented nature of the bedrock.  The 
site foundation materials are classified primarily as the Tertiary sedimentary rocks, which are not 
susceptible to seismically-induced settlement. 
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3.0  SLOPE STABILITY AND LANDFILL DISPLACEMENT ANALYSIS 

3.1  GENERAL 

The slopes of the proposed Class I/II Landfill B-18 expansion were evaluated for stability under both 
static and dynamic loading conditions.  As part of this evaluation, the effects of dynamic landfill 
deformations were considered relative to performance of the base liner system during the estimated 
design ground motions due to the MCE as required by the California Code of Regulations for 
seismic design of Class I and Class II landfills (see Section 1.3 of the report).  The approach used in 
evaluating the stability and deformation of the slopes involved conventional analytical methods of 
slope stability evaluation and a refined Newmark-type (Newmark, 1965) seismic deformation 
analysis including dynamic site response analysis using two-dimensional (2-D) equivalent-linear 
wave propagation and finite element models. 

The information required for the slope stability and landfill deformation analyses consisted of the 
site geology and seismicity, geometry of the fill plan and landfill bottom excavation and side slopes, 
and material parameters for waste, the liner systems, and the foundation bedrock.  This information 
was based on the site-specific data gathered for the analysis including laboratory test data (ESI, 
1990, 1992; Rust, 1998; URS, 2005; HAI, 2006), design of preliminary proposed fill plans for 
expanded landfill configuration (URS, 2005; CH2M Hill, 2008; HAI, 2008; Golder, 2008a), in-
house compiled database of material properties, and a literature survey of published data on slope 
stability and seismic deformation analysis of landfills. 

The site geology and seismicity is described in detail in the ESI (1990) and Rust (1998) reports.  The 
landfill bottom excavation and side slopes, and proposed new fill plan and cover grades are shown in 
Figures 1 and 2.  A fill plan for the proposed new design of Landfill Unit B-18 expansion was 
developed by Golder. This fill plan shown in Figure 2, is evaluated for stability using the results of 
static and seismic slope stability analyses presented in this report.  

3.2  LANDFILL GEOMETRY AND ANALYSIS SECTIONS

Figures 1 and 2 present plan views of the Landfill Unit B-18 base and the proposed final fill plan 
contours, respectively.  Six cross sections of the landfill were analyzed for slope stability including 
waste slopes and landfill liner system.  These cross sections (A-A’, B-B’, C-C’, D-D’, E-E’, and F-
F’) are shown in Figures 3 and 4, and their locations are shown on Figures 1 and 2. 

Stability of the bottom/side slope and waste fill slopes were analyzed using representative cross 
sections selected through critical areas of the landfill.  Locations of the stability analysis sections 
were selected based on variations in the landfill geometry such as height and steepness of waste 
slopes, orientation, height, and steepness of landfill bottom and side slopes around the landfill 
perimeter. 
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3.3  LANDFILL LINER DESIGN

Configurations of the existing landfill bottom/side slope liners that comply with state and federal 
regulations are provided in the ESI 1990 and 2005 URS reports.  Figures from the 1990 and 2005 
reports are presented in Appendix A of this report illustrating the liner designs for the bottom/side 
slopes.  Figure 18 presents configuration of the proposed liner system for the expansion areas of the 
landfill.  In the slope stability analyses, for each liner configuration, the weakest interface in the 
composite liner system is expected to provide the preferred failure path for potential failure planes. 

3.4  MATERIAL PROPERTIES 

Key material properties of various components of the landfill needed to perform static and seismic 
slope stability analyses are: (1) unit weight, (2) shear strength parameters (static and dynamic), (3) 
dynamic small-strain shear modulus (or shear wave velocity) and damping ratio properties, and (4) 
variation of the shear modulus and damping ratio with shear strain during shaking.   

Detailed site-specific information on waste, existing liner systems, and foundation bedrock material 
properties are provided in the Golder and ESI design and conformance testing reports prepared 
during early 1990’s (Golder, 1990, 1991; ESI, 1990, 1992, 1993), and more recent reports prepared 
for Kettleman Hills Facility (Rust, 1998; URS, 2005; HAI, 2006).  The preliminary stability 
evaluations performed in support of the EIR preparation for the proposed Landfill Unit B-18 
expansion (URS, 2005; HAI, 2008) used the same material properties as in the earlier investigations 
listed above except for the liner interface shear strength properties in the Phase II area of the landfill. 
In 2003, URS obtained samples of the landfill Phase II liner system that were archived at the KHF 
site.  Interface shear strength testing was performed on the sandwich-like multilayer structure of the 
liner system and the results were used to refine the interface properties reported in the previous 
investigations (URS, 2005).  In this report, the material properties from the previous investigations 
(Phase I liner system) and the URS (2005) report for the Phase II liner system were used for the 
static and seismic slope stability analyses.  The Class I waste and foundation bedrock shear strength 
and unit weight properties, liner interface shear strength values, and dynamic waste, clay liner, and 
bedrock properties used in the analyses presented in this report are provided in Table 1.  The 
assumed properties used for design should be further verified by performing site-specific tests on the 
actual materials that will be used during construction.  More detailed discussion of the material 
properties used is provided below. 

Hazardous Waste Material Properties

The unit weight, shear strength, and dynamic properties of the existing hazardous (Class I) waste 
materials in the landfill were based on the prior KHF landfill investigations by Golder (1990, 1991), 
ESI (1990, 1993), and HAI (2006).  The landfill Class I waste material was characterized as having 
static and dynamic properties similar to those for relatively dense cohesionless sand material with a 
Poisson’s ratio of 0.35.  The total unit weight of the waste was assumed as 115 pcf in stability and 
dynamic response analyses, and its shear strength parameters (friction angle and cohesion) were 
assumed to be 31 degrees and 0 psf, respectively. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 11 September 2008 

The low-strain shear modulus of the Class I waste was assumed to be a function of the mean 
effective confining pressure as shown below (Seed and Idriss, 1970): 

Gmax = 1000 K2 ( ’m)1/2

Where Gmax and ’m represent the soil maximum (low-strain) shear modulus and mean effective 
stress, respectively, and are in psf.  The dimensionless parameter K2 is determined from the void 
ratio or relative density.  The K2 was assumed as 60, which is a typical value for relatively dense 
sands (Seed and Idriss, 1970). 

Liner Interface Shear Strength and Dynamic Properties

In the slope stability analyses for Landfill Unit B-18, potential failure surfaces pass through the 
waste and the weakest interface in the liner above the landfill foundation bedrock due to relatively 
low interface shear strength properties of the liner and high strength of the bedrock.  Based on the 
site-specific data from the earlier studies at Kettleman Hills Facility (Golder, 1990, 1991; ESI, 1990, 
1992) and our in-house database and literature survey for existing liner system configurations, an 
interface friction angle of 17 and 9 degrees for the Phase I base liner and slope liner were used, 
respectively.  An interface friction angle of 19 degrees was measured in the recent interface shear 
tests performed on the “sandwich-like” specimens of the Phase II liner system (URS, 2005).  The 
same type of liner as in the Phase II liner system was assumed to be used for the proposed landfill 
expansion area.  Adhesion coefficient for the liner interfaces is assumed to be zero except for the 
Phase I slope liner where an adhesion value of 800 psf was used (ESI, 1992).  The assumed interface 
strength properties for the proposed new liner in the expanded landfill areas should be further 
evaluated by conformance testing on the materials used during construction. 

The total unit weight of the clay used in the liner system was assumed as 115 pcf in stability and 
dynamic response analyses.  The clay material used in the liner system was characterized as having a 
Poisson’s ratio of 0.35 and a nonlinear shear modulus given by the relation shown below for the 
low-strain conditions (Hardin and Drenevich, 1972): 

Gmax = 14760 [(2.973-e)2/(1+e)] (OCR)a ( m)1/2

Where Gmax and m represent the soil maximum shear modulus and mean effective stress, 
respectively, and are in psf, “e” is void ratio and OCR is overconsolidation ratio, and the value of 
power “a” depends on the plasticity index of soil. 

Bedrock Properties

Shear strength parameters for the foundation bedrock materials were estimated based on the previous 
KHF landfill investigations.  A cohesion value of 800 psf and friction angle of 40 degrees were used 
in the stability analyses. The shear wave velocity and unit weight of the foundation rock were 
estimated to be about 2,500 fps and 150 pcf, respectively. 
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Modulus and Damping Ratio Variation

The nonlinear modulus reduction and damping ratio increase curves used in the dynamic response 
analyses for the landfill waste, clay liner, and foundation bedrock materials are the same as those 
used in the previous KHF investigations and are presented in Figure 19.  The figure illustrates how 
the shear modulus and damping ratio change with the level of induced cyclic shear strains for 
different landfill materials. 

3.5  ANALYSIS APPROACH 

Landfill liners in seismically active areas such as California undergo dynamic loads during 
earthquakes in addition to static loads generated by the dead weight of the waste.  Liners, 
particularly along landfill side slopes, are subjected to tensile stresses due to settlement and creep-
induced downward movement of the waste mass.  During earthquakes, the landfill mass moves 
dynamically under the effects of ground accelerations and generates additional stresses in the landfill 
liner.

CCR Title 22 requires that slopes of a landfill and the foundation beneath the slopes maintain a 
minimum factor of safety of 1.5 under seismic loading conditions.  The factor of safety is usually 
calculated using pseudo-static limit equilibrium analytical methods.   Since achieving a pseudo-static 
factor of safety of 1.5 for relatively high accelerations generated during MCE events is difficult and 
costly, the regulations allow for an alternate, more rigorous and detailed design approach involving 
quantified evaluation of the seismic deformations and displacements of the landfill mass in lieu of 
the pseudo-static analysis.  At present the evaluation of seismic deformations is the most common 
approach for seismic design of waste fills in California. 

The present state-of-practice in seismic design of landfills is based on Newmark (Newmark, 1965) 
or a simplified Newmark-type method (e.g. Franklin and Chang, 1977; Makdisi-Seed, 1978; Bray et 
al., 1998) to estimate the order of magnitude of seismically-induced permanent displacements of 
landfill slopes.  Additionally, the current practice relies on engineering judgment by establishing an 
allowable deformation (about 6 inches) to compare with displacements computed from Newmark 
method along the liner system. 

Our analyses were conducted in the following evaluation/computational sequence: 

· Static slope stability and selection of critical failure surfaces; 
· Evaluation of yield acceleration coefficients for the critical failure surfaces determined from 

static slope stability analyses; 
· Dynamic site response analysis and calculation of potential slide mass average acceleration; and 
· Estimation of seismically-induced permanent deformations for the design “local” and “distant” 

MCE events. 
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The above approach originally developed by Seed and Martin (1966) and later used by Makdisi and 
Seed (1978) for seismic analysis of earth dams, generally results in conservative (larger) permanent 
displacements, compared to more rigorous fully coupled nonlinear dynamic deformation analysis 
(Lin and Whitman, 1983).   
The four stages of the approach used in this study are further described in the following sections. 

3.6  STATIC AND PSEUDO-STATIC STABILITY ANALYSES

Analysis Method

Conventional two-dimensional (2-D) limit-equilibrium stability analyses were performed for the 
existing and proposed bottom/side slope liner and waste fill slopes using landfill cross sections A-
A’, B-B’, C-C’, D-D’, E-E’, and F-F’.

The computer program GSTABL7 v. 2.003 developed by Gregory Geotechnical Software was used 
to calculate the factors of safety against potential failure.  This program was originally developed 
based on the computer program PC STABL 5M (Achilleos, 1988).  The program uses 2-D limit 
equilibrium theory to provide general solutions for slope stability problems with provisions of using 
the Modified Bishop, Modified Janbu, or Spencer Methods.  Both circular and non-circular potential 
sliding surfaces can be prespecified or randomly generated.  The Spencer, Modified Janbu and 
Modified Bishop methods were used for this study.  The minimum factor of safety was obtained by 
varying the initiation and exit points of the trial failure planes. 

The Modified Janbu Method of analysis, which normally provides conservative results, was initially 
used to evaluate a large number of potential failure mechanisms for each cross section analyzed.  In 
each analysis case, at least one thousand (1000) potential failure surfaces were randomly generated 
by the program and the most critical surface resulting in the lowest factor of safety was identified.  
The most critical failure plane determined by the Modified Janbu Method was then reanalyzed using 
the Spencer Method.  This method satisfies both force and moment equilibrium and thus provides 
more realistic (usually higher) estimates of the factors of safety and yield acceleration coefficients.  
The Janbu method is generally more conservative compared with the more rigorous Spencer Method 
and typically results in lower factors of safety than the Spencer Method (Duncan, 1992). The 
modified Bishop method was used to analyze circular failure surfaces. 

The GSTABL7 output plots, presented in Appendix B, illustrate the 2-D cross sections, various 
potential failure surface conditions considered, and the most critical failure surfaces analyzed in the 
stability analysis of the final fill slopes of the proposed landfill expansion.

The appendix presents computer plots for all the cases analyzed illustrating geometry of landfill 
cross-sections and the ten most critical potential failure planes searched by the program, as well as 
computed factors of safety.  The failure surface with the lowest factor of safety is identified with two 
arrows at its initiation and termination points.    
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The material properties of the waste and liner interfaces used in the static and pseudo-static stability 
analyses are shown in Table 1 and the results of the analyses are summarized in Table 2 and on 
Figures 3 and 4. 

3.6.1  Liner and Waste Mass Static Stability

Slope stability analyses were performed for the final fill plan geometry.  Six cross sections at 
different locations across the landfill were selected for analysis.  Figures 1 and 2 show plan views of 
the Landfill B-18 excavation and the final fill/landfill cover geometry, respectively, and the 
locations of the cross sections selected for the analysis.  In each part of the landfill where its cross 
section configuration changes, one or more sections were selected for two-dimensional stability 
evaluations. The configuration of the proposed landfill expansion final fill slopes are illustrated by 
the selected cross sections shown in Figures 3 and 4.

The most important potential failure mechanism considered was for a wedge (block failure) sliding 
through the waste mass and along the existing and expanded landfill base liner system.  Potential 
failure surfaces were assumed to pass along the weakest interface in the lining system and then 
through the landfill mass to the surface.  Stability of the slopes against circular failure through the 
waste mass was also investigated. 

The slope stability analyses for Landfill Unit B-18 showed that sliding along the liner systems 
and/or waste mass was consistently more critical than a sliding surface through the foundation 
material.  Therefore, in the stability analyses, the foundation bedrock was modeled as being 
impenetrable. 

3.6.2  Pseudo-Static Stability Analyses

Pseudo-static analyses, necessary to compute yield acceleration coefficient (Ky), were performed for 
the critical potential failure surfaces through waste and base liner system, identified from results of 
the static slope stability analyses discussed in Section 3.6.1 for the selected cross sections (Table 2 
and Figures 3 and 4).  The yield acceleration is defined as the acceleration which results in a pseudo-
static factor of safety of 1.0.  The computed yield acceleration, Ky, represents limiting value of the 
horizontal seismic coefficient beyond which movement of a potential slide mass will occur. 

For each cross section, pseudo-static analysis using the Spencer Method was performed to compute 
an estimate of yield acceleration coefficient (Ky) for the most critical potential failure plane 
identified from the static slope stability analysis for that section.  Density and shear strength 
properties summarized in Table 1 were also used for the pseudo-static stability analyses. 

Stability Results

Table 2 presents a summary of the computed static factors of safety and yield acceleration 
coefficients for the critical cases analyzed in this study.
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Appendix B presents plots of all the cases analyzed illustrating geometry of landfill cross-sections, 
the most critical potential failure surfaces, and values of computed static factors of safety and yield 
accelerations for these surfaces searched by the program.  Sample printouts of input and output files 
providing details of the analysis results are also presented in Appendix B. 

For all final (long-term) static conditions, the minimum acceptable factor of safety is 1.5.  This 
criterion was satisfied by the potential failure surfaces analyzed for the proposed fill plan, base liner 
designs, and the estimated material properties.  

The results of the pseudo-static stability analyses show that the lowest yield acceleration coefficient 
was approximately equal to 0.23 for failure along the liner and waste mass in cross sections A-A’ 
(east), D-D’ (east), E-E’ (east), and F-F’ (east).

The combination of yield acceleration coefficient and slide mass geometry that could potentially 
result in the largest estimates of the seismically-induced displacements were used in the site 
response and Newmark displacement analyses described in the following sections.  Based on the 
computed yield accelerations presented in Table 2 and landfill cross sections geometry (Figure 4), 
the potential failure planes #1 and #3 associated with cross sections D-D’ and F-F’, respectively 
were judged to produce the largest seismic displacements and thus, were selected for dynamic site 
response and seismic deformation analyses.  

3.7  SEISMIC DEFORMATION ANALYSES

The acceptability of a slope for earthquake conditions is generally determined by the magnitude of 
the seismically-induced permanent displacement resulting from the design earthquake.  

A small allowable displacement is intended to preclude the possibility of large displacements that 
might disrupt the flexible membrane liner (FML)/clay composite layers or other components of the 
leachate collection and removal (LCR) system.  A conservative value of the allowable displacement 
along the landfill liner on the order of 6 inches was considered acceptable for Landfill B-18.  This is 
equal to the lower bound of the allowable displacement range commonly used in the industry (6 to 
12 inches) as suggested by Seed and Bonaparte (1992). 

Preliminary estimates of the landfill slopes seismic deformations were obtained previously (HAI, 
2008) using the simplified analysis method by Bray et al. (1998) and are presented in the following 
section.  A more detailed evaluation of the seismic deformations using two-dimensional site 
response analyses and Newmark (1965) slope displacement calculation method was performed for 
this study and is presented in Section 3.7.2 below. 

3.7.1 Simplified Analysis of Landfill Slopes Seismic Deformations 

Preliminary estimates of the landfill slopes seismic deformations were obtained using the simplified 
analysis method by Bray et al. (1998).   
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This method requires estimating the yield acceleration (ky) for the potential slide mass, the ground 
motion parameters (MHAr, Tm, and D5-95), fundamental period of equivalent 1-D slide mass at small 
strains (Ts), and maximum horizontal equivalent acceleration (MHEA) for the potential slide mass.  
The ground motion parameters are defined as: 

 MHAr = Maximum Horizontal Acceleration expected at the site at rock level (g), 

 Tm  =  Mean period of input rock motion (sec), and 

 D5-95 =  Significant duration of shaking, i.e., 5-95% normalized Arias intensity (sec). 

The MHAr and D5-95 values for the site design ground motions are provided in Section 2.0 and Tm
can be estimated from the following relationships: 

 ln(Tm) = ln(C1 + C2 (M-6) + C3   r) M  7.25 

 ln(Tm) = ln(C1 + 1.25  C2 + C3   r)   7.25 M  8.0 

where M and r are the earthquake magnitude and distance and parameters C1, C2, and C3  and the 
standard error ( r) for a rock site condition are as listed below: 

C1 = 0.411, C2 = 0.0837, C3 = 0.00208, and r = 0.437 

The fundamental period of slide mass (Ts) is calculated using the equation Ts = 4H/Vs, where H is 
the maximum vertical distance between the ground surface and slip surface used to determine ky  and 
Vs is representative small-strain shear wave velocity of materials above sliding mass.  The landfill 
shear wave velocity profile provided in the 2005 URS report was used to calculate the values of 
parameter Ts for this study.

Charts provided by Bray et al. (1998) were then used to estimate the normalized MHEA and sliding 
mass displacement for deep-seated slide surfaces.  The normalized MHEA is defined as a function of 
the normalized fundamental period of slide mass (Ts/Tm).  The normalized displacement of the 
potential slide mass is correlated to the ratio of ky/kmax, where kmax = MHEA/g. 

Table 3 provides results of the simplified seismic deformation analyses.  The table provides yield 
accelerations, maximum horizontal equivalent accelerations (MHEA), ky/kmax ratios, and estimated 
slope displacements for the cross sections analyzed. 

As seen from Table 3, for potential deep failure planes along the landfill bottom liner the estimated 
permanent displacements are consistently less than 1 inch except for the western part of cross section 
B-B’ where a slope displacement of about 1 inch was estimated.  These preliminary estimated values 
of the seismic displacements are considerably smaller than the maximum allowable displacement of 
6 inches commonly used in the industry (Seed and Bonaparte, 1992).  These displacements are also 
in agreement with the seismic displacements estimated by URS (2005). 
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3.7.2  Site Response and Newmark Slope Deformation Analyses 

Two-Dimensional Dynamic Site Response Analyses

After yield acceleration coefficients were determined, dynamic response of the landfill and average 
acceleration time histories of the potential sliding masses were evaluated for three representative 
“local” (near-field) and one “distant” (far-field) input ground motions.  The analyses provide a 
measure of earthquake energy attenuation/amplification characteristics of the landfill. 

To account for the uncertainties introduced by variation of the landfill geometry, two-dimensional 
finite element computer program QUAD4M (Hudson et al., 1994) was used to evaluate dynamic 
response of the landfill and average acceleration time histories of the potential sliding waste masses 
identified from the stability analyses.  The two-dimensional analyses provide a more realistic 
estimate of the seismically-induced displacements of waste slopes compared to one-dimensional site 
response analysis computer codes such as SHAKE91 (Schnabel et al., 1972; Idriss and Sun, 1991).  
However, it should be noted that because the landfill geometry is three-dimensional, the use of two-
dimensional site response analyses generally provides a conservative estimate of the landfill 
dynamic response. 

QUAD4M was recently developed by modifying and improving QUAD4 program which was 
initially developed in 1973 (Idriss et al., 1973).  The main changes in QUAD4M are: 1) addition of 
energy absorbing boundaries that can be used to model the material underlying the finite element 
model as a linear elastic half space, 2) computing average acceleration time history (seismic 
coefficients) of a defined potential failure mass, and 3) a new method for formulation of damping.   
QUAD4M approximately incorporates the nonlinear material properties of soil and waste in the 
analyses by using the equivalent linear method (Seed and Idriss, 1970).  In this method, the strain-
dependent shear modulus and damping ratio of the material are selected to be compatible with the 
computed level of strain in each element.  The dynamic response is computed repeatedly until the 
dynamic properties determined from the two sequential cycles differ by less than a specified value.  
This analysis is done in the time domain, and for any set of properties it is a linear analysis. 

QUAD4M analyses were performed for Cross Sections D-D’ and F-F’ and their most critical failure 
planes (failure planes 1 and 3 in Figure 4, respectively).  These cross sections represent the most 
critical cases based on their geometry, factor of safeties and the minimum Ky values computed from 
the pseudo-static stability analyses.  The finite element meshes used to model these cross sections 
are shown in Figures 20a and 20b.  The “seismic coefficient” option in QUAD4M was used to 
calculate the average acceleration time history of potential deep failure mass sliding along the 
landfill bottom.  This is done using the computed time histories of the shear forces for the elements 
along the bottom and dividing the resultant shear force by the mass of the waste bounded by the 
potential failure plane along the liner (Seed and Martin, 1966). 

The input design ground motions were applied as outcrop motions at the top of the bedrock 
underlying the landfill, i.e., the “elastic halfspace” below the finite element mesh.  The analyses 
were performed for two sets of ground motions: 
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 1 -  The near-field and far-field MCE ground motions used previously (see Section 2.1) for 
seismic deformation analyses of the KHF landfill units B-19 and B-18 (RUST, 1998; URS, 
2005, and HAI, 2006), and 

 2 -  The updated site design near-field and far-field MCE ground motions developed in this 
study (see Section 2.2.2).

This provides a comparison of the new landfill design seismic deformations for the old and updated 
ground motions, and also a comparison of the landfill response for scaled versus spectrally matched 
ground motions. 

The finite element meshes for the cross sections analyzed (Figures 20a and 20b) show the critical 
potential failure surfaces that were specified for calculation of the average acceleration time histories 
(seismic coefficients) in the QUAD4M analyses.  These seismic coefficient time histories were later 
used in a Newmark-type analysis method (Newmark, 1965) as described in the following section to 
estimate the order of magnitude of the permanent seismically-induced displacements along the liner. 

Seismically-Induced Permanent Displacements

The consequences of earthquake shaking on the landfill slopes were evaluated using Makdisi and 
Seed’s procedure (1978) which is a type of Newmark pseudo-dynamic double-integration 
displacement analysis.  This approach is most appropriate for slopes consisting of materials that are 
not likely to suffer any significant loss of their shear strength due to seismic shaking.  The waste and 
liner materials in the Landfill B-18 are such materials. 

During an earthquake, over numerous cycles of loading, a slide mass can move incrementally along 
a potential failure plane through displacement accumulation.  Based on this concept, the Newmark 
method computes, from a series of pseudo-static analyses, the yield acceleration, Ky beyond which 
movement of a slide mass will occur.  The permanent displacement resulting from an earthquake is 
then computed by double integration of the slide mass average acceleration time history whenever 
the acceleration exceeds Ky.

The average acceleration time histories computed in the QUAD4M response analyses for the most 
critical potential failure mass identified in the pseudo-static analyses were used as input for 
Newmark deformation analyses to evaluate the permanent seismically-induced displacements along 
the liner system.  The displacement calculated by this method is a function of the yield accelerations 
which were computed in the pseudo-static stability analyses.  Figures 21 and 22 illustrate variation 
of potential slide mass displacement ( ) versus the yield acceleration Ky for Cross Section D-D’ and 
for the two sets of design ground motions used in the analyses (the RUST 1998 design ground 
motions and the updated ground motions developed for this study). Figures 23 and 24 illustrate 
variation of potential slide mass displacement ( ) versus the yield acceleration Ky for Cross Section 
F-F’ and for the two sets of design ground motions discussed above. Tables 4 and 5 and Figures 21 
through 24 summarize the results of calculated seismically-induced permanent displacement ( )
using the average acceleration time history of the waste mass computed from the QUAD4M analyses 
as input in the Newmark double-integration method for cross sections D-D’ and F-F’. 



Slope Stability Evaluation, Kettleman Hills Facility, Landfill Unit B-18, Kings County, California

HAI\project-2008\Kettleman B-18\Slope Stability Report.doc 19 September 2008 

As seen from Figures 21 through 24, for the potential deep failure plane # 1 located in the 
northeastern part of cross section D-D’, and the potential deep failure plane # 3 located in the 
northeastern part of cross section F-F’ (Figure 4) the largest permanent displacements are induced 
for the 1994 Northridge earthquake Pacoima-Kagel Canyon and Castaic Old Ridge Route 
accelerograms scaled to a PHGA of 0.57g.  However, calculated displacements for Ky values larger 
than 0.12 are less than 1 inch.  Additionally, the Newmark deformation analyses show that the 
calculated seismically-induced permanent displacements of the critical potential slide mass are 
nearly zero for Ky values larger than 0.12 for the “distant” Caltech A-1 synthetic record and 
CHY042N Chi-Chi earthquake record scaled to 0.21g and 0.16g, respectively.  These estimated 
values of the seismic displacements are considerably smaller than the maximum allowable 
displacement of 6 inches commonly used in the industry (Seed and Bonaparte, 1992).   

3.8  STATIC AND SEISMIC STABILITY OF FINAL COVER

A preliminary estimate of the final cover seismic deformations was obtained by using the simplified 
analysis method by Franklin and Chang (1977).  A more detailed evaluation of the landfill cover 
seismic deformations using two-dimensional site response analysis and Newmark (1965) 
displacement calculation method was also performed.  The above analyses are presented below. 

Simplified Analysis of Landfill Cover

Static and seismic stability of the landfill final cover were evaluated using the infinite slope stability 
analysis model.  Effect of the slope benches were also considered in the analyses.  The landfill final 
cover slope will have an overall inclination of 4.0H:1V with localized inclinations of approximately 
3.5H:1V to allow for benching.  The cover soils will not become fully saturated given the low annual 
rate of precipitation in the area, drainage through geotextile in the cover, and the steepness of the 
final cover slopes. 

The proposed final cover for Landfill B-18, shown in Figure 25, includes a 40-mil textured HDPE 
geomembrane overlain by a geotextile and an approximately 2.5-foot-thick vegetative soil cover 
over the geosynthetics.  The geotextile is a 12-oz/sy non-woven layer that cushions the HDEP 
geomembrane and provides some drainage.  The slope stability analyses were performed for the 
weakest interface strength in the final cover.  The weakest interface is assumed to be along the 
geomemberane/geotextile interface (see Appendix C).  

Peak strength values were used for analysis of seismic loading and the partially saturated final cover 
condition.  Access is available for the final cover to make any necessary repairs after a seismic 
event; therefore, residual strengths to evaluate short-term impacts are not appropriate. 

Appendix C provides the cover soil and interface properties used in the stability analyses, and the 
detailed static and seismic stability calculations for the cover system described above.  The appendix 
shows that the cover system is stable for both static and seismic loading conditions; however, the 
estimated permanent displacement is about 12 inches. Hence, a more rigorous two-dimensional 
dynamic site response and Newmark displacement analysis was performed to more accurately 
calculate the final cover displacement.  
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Two-Dimensional Dynamic Cover Response Analyses

After yield acceleration coefficient for the cover was determined (see Appendix C), dynamic 
response of the landfill and average acceleration time histories of the potential sliding cover section 
were evaluated for three representative “local” (near-field) and one “distant” (far-field) input ground 
motions.  To account for the uncertainties introduced by variation of the landfill geometry, two-
dimensional finite element computer program QUAD4M was used to evaluate dynamic response of 
the landfill and average acceleration time histories of the potential sliding cover section identified 
from the stability analyses.  The two-dimensional analyses provide a more realistic estimate of the 
seismically-induced displacements of the cover compared to the simplified methods.   

QUAD4M  analysis was performed for the cover section of Cross Section D-D’.  The finite element 
mesh used to model the cross section is shown in Figure 20c.  The input design ground motions were 
applied as outcrop motions at the top of the bedrock underlying the landfill, i.e., the “elastic 
halfspace” below the finite element mesh.  The analyses were performed for the same ground 
motions used for the liner stability analysis discussed in Section 3.7.2. 

The finite element mesh for the cross section analyzed (Figure 20c) shows the critical potential 
failure surface through the landfill cover that was specified for calculation of the average 
acceleration time histories in the QUAD4M analyses.  The computed average acceleration time 
history of the specified cover section was then used in a Newmark-type analysis method (Newmark, 
1965) as described in the following section to estimate the order of magnitude of the seismically-
induced permanent displacements of the cover. 

Seismically-Induced Permanent Displacements

The permanent displacement resulting from the earthquakes are then computed by double integration 
of the slide mass average acceleration time history whenever the acceleration exceeds Ky.

The average acceleration time history computed from the QUAD4M dynamic response analyses for 
the most critical potential failure mass identified in the pseudo-static analyses was used as input for 
Newmark deformation analyses to evaluate the permanent seismically-induced displacements of the 
failure mass.  The displacement calculated by this method is a function of the yield acceleration 
computed in the Appendix C (Ky ~ 0.2g). Table 6 summarizes the results of calculated landfill cover 
seismically-induced permanent displacement ( ) using the average acceleration time history of the 
potential failure section computed from the QUAD4M analyses as input in the Newmark double-
integration method for cross section D-D’. 

The Newmark deformation analyses show that the calculated seismically-induced permanent 
displacements of the landfill cover are considerably less than the maximum allowable displacement 
of 12 inches commonly used in the industry (Seed and Bonaparte, 1992).   
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4.0  CONCLUSIONS 

This report addresses static and seismic stability of the landfill slopes for a proposed expansion of 
the Landfill B-18.  The stability report presented here will be included as part of the design report, 
being prepared by Golder Associates, Inc. for the proposed Landfill B-18 expansion. 

The following changes from the original design were implemented and evaluated in this report: 

Final fill plan geometry was modified to enhance landfill capacity while maintaining 
staticand seismic stability of the landfill slopes. 

The landfill footprint was expanded in the west-northwestern area, using the existing cut 
slopes in the hills west and northwest of the site to buttress the landfill slopes and enhance 
stability.

A deterministic seismic hazard analysis was performed to update the site seismic design response 
spectrum and ground motions.  Static and seismic stability evaluations of the proposed final fill 
slopes and landfill base liner and cover systems were conducted for the new Landfill B-18 fill 
design. The presented analyses demonstrated that computed static factors of safety were higher than 
1.5 for all analyzed sections.

The seismic stability analyses were conducted for the MCE design ground motions.  The postulated 
near-field and far-field MCEs for Landfill B-18 were characterized by a peak horizontal acceleration 
in lithified earth material of approximately 0.62g and 0.16g, respectively. 

The analyses indicated that the proposed new landfill expansion design (Golder, 2008) would result 
in a stable configuration under both static and seismic loading conditions in compliance with 
applicable regulations.  The acceptability of the landfill slopes for earthquake loading conditions was 
determined by the relatively small magnitude of the seismically-induced permanent displacements 
resulting from the local and distant MCE design earthquake events.  The results of the conservative 
Newmark-type permanent displacement analyses presented in this study indicated that computed 
maximum displacements along the liner system during the design earthquake events are less than 1 
inch.  Maximum seismically-induced permanent displacement within the waste prism in the 
cover/gas collection system is about 6 inches which is less than the maximum allowable value of 12 
inches.

The analyses were performed for the landfill final fill configurations.  Slope stability analyses are 
required for design of the proposed landfill expansion interim fill conditions.  Site-specific 
laboratory testing of the proposed materials to be used in the liner systems should be performed for 
design of the landfill expansion.  Additionally, conformance testing of the liner materials should be 
performed during construction to verify properties used in the design of the landfill expansion. 
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FIGURE
1
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FIGURE
1

ORIGINAL CORRECTED TIME HISTORIES
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FIGURE
1
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FIGURE
1

SPECTRUM COMPATIBLE TIME HISTORIES
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FIGURE
1

ORIGINAL HORIZONTAL ACCELERATION RECORD & 
RESPONSE SPECTRUM MACHED TO 

DESIGN RESPONSE SPECTRUM
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FIGURE
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FIGURE
1
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Figure
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Figure

A-1
PROJECT PLAN

(Landfill Unit B-18 Construction Plans)

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California

SOURCE: ENVIRONMENTAL SOLUTIONS, INC., 1990
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Figure

A-3

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California DETAILS OF THE LANDFILL BASE 

GEOCOMPOSITE LINER SYSTEM
EXISTING PHASE 1 LINER

SOURCE: ENVIRONMENTAL SOLUTIONS, INC., 1990
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Figure

A-5

PEAK HORIZONTAL ACCELERATION
IN ROCK VERSUS AVERAGE

RETURN PERIOD

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, CaliforniaSOURCE: RUST, 1998
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California

CALTECH A-1 SYNTHETIC ACCELERATION 
RECORD AND DYNAMIC RESPONSE 

SPECTRUM

DISTANT DESIGN EARTHQUAKE

Figure

A-6

SOURCE: RUST, 1998
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California

MODIFIED SEED-HAYWARD SYNTHETIC 
ACCELERATION RECORD AND DYNAMIC  

RESPONSE SPECTRUM SCALED TO TARGET MCE 
RESPONSE SPECTRUM

LOCAL DESIGN EARTHQUAKE

Figure

A-7

SOURCE: RUST, 1998

0.6 

0 .. 
(J) 

c 0.2 
a 

~ 0.0 

• u 
u ".2 

"' " .4 

".6 

(J) 

c 
,g 
~ • .. 
u 
u 

"' g 
u • 0. 
~ 

0 10 20 30 
Time -sec 

(a) Modified Seed-Hayward Synthetic Record Scaled to O.57g Peak Acceleration 

2.0 

1.5 

1.0 

0.5 

0.0 

0.01 

1. 

2 

' 1111 

fi ' , , 

5 0.1 

r 5 percent Damped 

rJ \ 
, 

Modified SH Speet , , ,um 

I'l'vt Target MCE Spectrum 
Local Design Earthqu .k< 

~ , 
~ 

2 5 2 5 10 
Period - sec 

(b) Comparison of Pseudo-Acceleration Response Spectrum of the Modified 
Seed-Hayward Synthetic Earthquake Accelerogram and Target Design 
Spectrum (peak Acceleration of Synthetic Record Scaled to O.57g) 

40 



HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California Figure

A-8

SOURCE: RUST, 1998

CASTAIC ACCELERATION RECORD AND 
DYNAMIC RESPONSE SPECTRUM
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HUSHMAND ASSOCIATES INC.
Geotechnical and Earthquake Engineers

Project No.
08-0228

Landfill B-18 Expansion Project
Kettleman City, Kings County, California Figure

A-9

SOURCE: RUST, 1998

PACOIMA-KAGEL CANYON ACCELERATION 
RECORD AND DYNAMIC RESPONSE 

SPECTRUM

LOCAL DESIGN EARTHQUAKE
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CLASS I WASTE FINAL COVER STABILITY 

Objective:
Evaluate static and seismic stability (long term condition) and temporary stability during construction of 
the final landfill cover for Class I waste area at Kettleman Hills Facility (KHF) Landfill Unit B-18. 

Performance Criteria: 
Static Loading: Minimum Factor of Safety of 1.5. 
Dynamic Loading: Allowable seismic displacements up to 12 inches. 
Temporary Loading Case during Construction: Minimum Factor of Safety 1.25. 

Geometry:
The typical cover system for Class I waste is shown in Figure 1.

Figure 1. Typical Cover System for Class I Waste 
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The shear strength parameters of the cover interfaces are shown in Table 1.  The site-specific values of 
these parameters should be verified prior to the construction of the cover. 

Table 1.  Shear Strength Properties for Interfaces in Figure 1 

STRENGTH PARAMETERS 

INTERFACE (pcf)
c

(psf) (degrees) 
Cover Soil / Geotextile 110 100 21 

Geotextile / 40-Mil HDPE 110 0 25*

40-Mil HDPE / Intermediate Soil 110 0 28 
Foundation Soil / Class I Waste 110 0 31 

* Results of site-specific laboratory interface direct shear tests performed on textured geomembrane and geotextile materials to
be used for Class I waste cover construction under low confining pressures (pressure due to the weight of cover soil) indicate a
residual friction angle of approximately 28 degrees for this interface (see attached).  A conservative value of 25 degrees, 
however, was used in our analyses. 

Design Theory: 
The long-term stability of the cover (stability analysis for static case) is based on the infinite slope model 
shown in Figure 2. 

Figure 2. Equilibrium of Loads for a Unit Length of Cover 
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The safety factor against sliding can be evaluated using the following equation (Huang, 1983): 

tan
tan

tancos
.. 2H

cSF
T

If c = 0, then: 
tan
tan..SF

For seismic case (ky > 0): 

cossin
tansintancos)cos/(

..
LHkLH

LHkLHLc
SF

TyT

TyT

Note:  This analysis is conservative since the effect of finite slope length and passive resistance wedge at 
the toe of the slope is not included. 

Long-Term Static Stability: 
Based on the interface and material properties shown in Table 1, for Class I waste cover the weakest 
interface of the cover is the Geotextile / HDPE geomembrane interface. The following presents the infinite 
slope stability analysis performed for the Class I waste cover. 

Static Stability for Geotextile / HDPE geomembrane interface: 

c = 0 psf,  = 25º,  = 16º, H = 2.5 / (cos 16) = 2.60 ft,  = 110 pcf 

16tan
25tan

16tan16cos60.2110
0.. 2SF  = 1.63 > 1.5 o.k. 

Construction Stage/Temporary Loading (Short-Term) Static Stability:
The stability of cover needs to be evaluated for the temporary condition during cover placement.  It is 
assumed that the cover is placed from bottom to top (backfilling up slope).  When the equipment weight is 
considered, the stability is evaluated for a finite length of the slope, usually the distance between two 
benches.  The equilibrium of forces for a finite length of the slope is shown on Figure 3 (Qian, Koerner, 
Gray, 2002).  Figure 3 illustrates the forces applied on the cover for this case.  The following symbols are 
used in this figure: 

 WA = total weight of the active wedge including additional weight of soil wedge from the upper 
  bench (WA1 and WA2) plus equipment weights on the slope and upper bench (We1 and We2);
 WA1 = weight of soil cover on the slope (included in WA);
 WA2 = weight of soil wedge from the upper bench (included in WA);
 We1 = weight of equipment on slope (included in WA);
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 We2 = weight of equipment on upper bench (included in WA); 
 WP = total weight of the passive wedge; 
 NA = effective force normal to the failure plane of the active wedge; 
 NP = effective force normal to the failure plane of the passive wedge; 

 = unit weight of the cover soil; 

h = thickness of the cover; 
 L = length of the slope measured along the slip plane; 

 = soil slope angle; 
 = friction angle of cover soil; 
 = interface friction angle; 

 Ca = adhesion force between cover soil of the active wedge and geo-membrane or foundation; 
 ca = adhesion between cover soil of the active wedge and geo-membrane or foundation; 
 C = cohesion force along the failure plane of the passive wedge; 
 c = cohesion of the cover soil; 
 EA = inter-wedge force acting on the active wedge from the passive wedge; 
 EP = inter-wedge force acting on the passive wedge from the active wedge; 
 FS = factor of safety against cover soil sliding. 

Figure 3. Equilibrium of Forces for a Finite Length Slope of a Uniformly Thick Cover Soil 
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For this condition the stability of the cover can be evaluated using the following equation: 

a
ccabbFS

2
42

Where: 
 a = (WA - NA×cos ) ×cos 
 b = -[(WA – NA ×cos ) ×sin  × tan  + (NA × tan  + Ca) ×sin  × cos 

+ (C + WP×tan ) ×sin ]
 cc = (NA× tan + Ca) ×sin2 × tan 

 WA = WA1 WA2 + We1 + We2

WA1 = (  × h2) × [L/h – 1/sin tan (
WA2  × h2) / (sin 2

 WP = (  × h2) / (sin 2
 NA = WA × cos 

Ca = ca × (L – h/sin 
C c × h) / (sin 

For the up slope backfilling, the dynamic force resulting from acceleration and braking of the construction 
equipment is not considered.  The weight of the equipment is added to the weight of the cover soil. 

The pressure at the potential slip interface can be calculated from the following equation: 

Equivalent equipment force per unit width at slip plane interface: We = q × w × I 

Where:  
  q = Wb / (2×w×b); 
  Wb = operating weight of equipment; 

w = length of equipment track; 
b = width of equipment track; 
I = influence factor at slip plane interface. 

The contact pressure for a CAT D6N LGP tractor is 4.8 psi, with an operating weight of 40,000 lbs.  The 
track dimensions are length (w) = 122 in and width (b) = 34 in.  The track gauge (distance between centers 
of tracks) is 85 inches. 

The influence factor for cover thickness (h) of 2.5 ft can be calculated as: 

b / h = 34 / (2.5×12) = 1.13  I = 0.92 
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Using this influence factor, the equivalent pressure is evaluated below: 

q = 40,000 / (2×122×34) = 4.8 psi = 695 psf 

 h = 2.5 ft  We1 = 695 × (122/12) × 0.92 = 6,500 lbs

We have also included additional surcharge of the construction equipment on the upper bench of the cover 
veneer.  This load is estimated as a 500 psf uniform pressure acting on a length equal to h/sin 

 = 16°  We2 = 500×2.5/sin(16°) = 4,550 lbs 

Using these equipment weights, the safety factor for temporary stability of geotextile / HDPE interface is 
calculated below: 

 = 110 pcf; 
 h = 2.5 ft; 
 L = 182 ft (Section D-D’); 

 = 16º; 
 = 28º; 
 = 25º; 

 ca = 0 psf; 
 c = 100 psf; 
 We = 6,500 + 4,550 = 11,050 lbs. 

The following values are calculated using above parameters: 

WA = 59,801 lbs 
WP = 1,301 lbs 
NA = 57,500 lbs 
Ca = 0 lbs  
C = 910.0 lbs 

a = 4339.4 lb/ft 
b = -8181.7 lb/ft 
cc = 1075.9 lb/ft 

These values result in a factor of safety of 1.74 for finite length cover slope.  This value is higher than the 
factor of safety of 1.63 for infinite slope analysis without the construction equipment weight. 

Seismic Stability: 
Seismic stability is evaluated for a finite length of the slope, usually the distance between two benches.  
This provides a more realistic analytical model of the cover stability since it includes the effect of passive 
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resistance wedge at the toe of the slope.  For this case equipment forces shown in Figure 3 will be set equal 
to zero and seismic acceleration will be applied on the cover mass.  For this condition the stability of the 
cover can be evaluated using the following equation: 

a
ccabbFS

2
42

Where: 
 a = (CS×WA + NA×sin ) × cos CS×WP×cos
 b = -[( CS×WA + NA×sin ) × sin  × tan  + (NA×tan  + Ca) × cos2

+ (C + WP×tan ) × cos ]
 cc = (NA×tan + Ca) × sin × cos  × tan 

CS = Seismic Coefficient 
 WA = total weight of the active wedge =  × h2 × [L/h – 1/sin tan ( (  × h2) / (sin 2
 WP = (  × h2) / (sin 2
 NA = WA × cos 

Ca = ca × (L – h/sin 
C c × h) / (sin 

Using the above equations, the Yield Acceleration (ky), corresponding to factor of safety of 1.0 was 
calculated for Geotextile / HDPE geomembrane interface (weakest interface in Class I waste cover): 

L = 182 ft, h = 2.5 ft,  = 110 pcf, ca = 0 psf, c = 100 psf,  = 16º,  = 28º,  = 25º,
H = 2.5 / (cos 16) = 2.60 ft, ..SF  1.0 ==> ky = 0.20 

The Newmark Displacement Correlations developed by Franklin and Chang (1977) were used to estimate 
the permanent seismic deformation of the cover system. 

A
VUU Sm 1800

2

Where:  Um = Unscaled Permanent Displacement (in.) 
  Us = Standardized Maximum Displacement (in.) 
  A = Maximum Ground Acceleration (as fraction of g) 
  V = Maximum Ground Velocity (in/s) 

A conservative V/A ratio of 60 was used in the analyses, resulting in a maximum ground velocity of 34.8 
in/s. Us was obtained from standard displacement chart based on ky/A ratio.

Based on these assumptions, the seismic displacement value in Table 2 was obtained for Class I waste 
landfill cover system.  Based on our calculation it appears that the permanent seismic displacement is in the 
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allowable range for the weakest interface of the cover, therefore the cover system meets the static and 
seismic stability criteria. 

Table 2.  Permanent Seismic Displacement Evaluation for Class I Waste Cover 

Interface
ky

*

(g)
A
(g)

V
(in/s) ky/A

Us
(in)

Um
(in)

Geotextile / HDPE* 0.20 0.58 34.8 0.35 ~10.5 ~12 

References: 

Huang, Y. H. (1983), “Stability Analysis of Earth Slopes”. 

Franklin, A. G. and Chang, F. K. (1977), “Permanent Displacements of Earth Embankments by Newmark 
Sliding Block Analysis”, Report 5, Miscellaneous Papers S-71-17, U.S. Army Corps of Engineers 
Waterway Experiment Station, Vicksburg, Mississippi. 

Qian, X., Koerner, R. M., Gray, D. H. (2002), “Geotechnical Aspects of Landfill Design and Construction”. 
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December 15, 2009 

Golder Associates Inc. 

HUSHMAND ASSOCIATES, INCORPORATED 
Geotechnical, Earthquake and Environmental Engineers 

230 Commerce, Suite 200 
Irvine, California, USA 92602 

Mr. Scott Sumner, P.E., Principal 

SUBJECT: ADDENDUM REPORT - PHASE III SLOPE STABILITY ANALYSIS 
KETTLEMAN IDLLS FACILITY, HAZARDOUS WASTE 
LANDFILL UNIT B-18 EXPANSION, KETTLEMAN CITY, 
KINGS COUNTY, CALIFORNIA - HAl PROJECT No. 08-0228 

Dear Mr. Sumner: 

Hushmand Associates, Inc. (HAl) is pleased to submit to Golder Associates, Inc. (Golder) this 

addendum letter report of the slope stability evaluations for the Class IIII hazardous waste 

landfill unit B-18 (Landfill B-18) expansion at Waste Management, Inc. (WMI) Kettleman Hills 

Facility. 

This addendum updates portions of the HAl "Slope Stability Analysis Report, Kettleman Hills 

Facility, Hazardous Waste Landfill Unit B-18 Expansion, Kettleman City, Kings County, 

California," Report to Kettleman Hills Facility, September 2008. The addendum report has been 

prepared to incorporate revised interface shear strength testing results for the proposed liner 

system. The addendum report updates only those portions of the original report that are effected 

by the change in interface shear strength, references are included to sections of the original report 

as appropriate. This report should therefore be used in conjunction with the original HAl (2008) 

report. 

Introduction 

The existing Class IIII (hazardous and designated wastes) Landfill Unit B-18 at Chemical Waste 
Management (CWM) Kettleman Hills Facility (KHF) in Kettleman City, Kings County, 
California is proposed to be expanded. The existing landfill was constructed in phases (Phase I 
and II) in 1990's. For the proposed expansion (Phase III), URS Corporation and Hushmand 
Associates, Inc. performed slope stability and seismic deformation analyses in support of the EIR 

250 Goddard Irvine. California 92618 (949) 777-1266 Fax (949) 777-1276 
www hushmand-assoclates com 
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preparation and design of the landfill expansion, respectively (URS, 2005; HAl, 2008). The 
results of these analyses were provided in a comprehensive design report by Golder Associates 
(Golder, 2008). 

A number of investigations including site-specific testing on the landfill material properties were 
performed for design and construction of the earlier phases of the landfill (Golder, 1990, 1991; 
ESI, 1990, 1992, 1993). In 2003, URS obtained samples of the landfill Phase II liner system that 
were archived at the KHF site. Interface shear strength testing was performed on the sandwich­
like multilayer structure of the liner system and the results (friction angle, ~ =19° and 
cohesion/adhesion, C = 0) were used to refine the interface properties reported in the previous 
investigations (URS, 2005). 

Landfill Geometry and Analysis Sections 

HAl (2008) developed six cross sections for the proposed landfill expansion (see Figures 1 and 2 
of the HAl 2008 Report). These same six cross sections are evaluated in the addendum report 
using the updated interface shear strength properties. 

This addendum report summarizes the results of the slope stability and seismic deformation 
analyses for the proposed landfill expansion area, extending from the landfill's southeast corner 
to northwest corner, along its southern and western boundaries. 

( 

( ) The expansion area is located on the western and southern sides of cross sections A-A' through \.. 
F-F' that were used in the previous stability analyses (HAl, 2008). Additionally, east side of 
Cross Section 8-8' also passes through the expansion area and was also analyzed in the 
addendum. The interface shear strength of Phase I was not modified and therefore analysis of 
the northern and eastern boundaries for all cross sections except 8-8' remains valid. 

Liner Interface Shear Strength Properties 

HAl (2008), Section 3.4, used the material properties from the previous investigations for Phase 
I liner system and the URS (2005) report for Phase II liner system for static and seismic slope 
stability and deformation analyses. For the proposed expansion area liner system, the same 
interface properties (~ =19°, C = 0) measured for the Phase II liner system were used (URS, 
2005). 

HAl (2008) recommended that assumed properties used for design be further verified by 
performing site-specific tests on the actual materials that would be used during construction. 
Golder recently performed site-specific laboratory testing on the proposed standard liner system 
materials for the landfill expansion area to determine the interface properties for the expansion 
liner system design. 

Interface shear strength testing was performed by Precision Geosynthetic Laboratories of 
Anaheim, California on the sandwich-like multilayer structure of the liner system. The test 
results indicated that the weakest interface was the double sided (OS) geocomposite and 60-mil 

-----------------------------------------~\l 
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HOPE for all applied normal loads. The ultimate interface shear strength properties at 3 inch 
displacement were measured as approximately ~ = 12° and C = O. Attachment A provides 
results of the interface shear tests performed on the Phase III proposed liner system materials. 
The results were used to refine the slope stability and seismic deformation analyses performed 
previously (HAl, 2008) for the landfill expansion design. 

In the revised slope stability analyses presented here, residual interface shear strength properties 
measured by URS (2005) and Golder (2009) were used for the Phase II and Phase III slopes, 
respectively. The Phase I slopes have a slightly different liner system and a residual interface 
friction angle of 9 degrees was used for the analysis. The material properties for static and 
seismic stability analyses are summarized in Table I (updated version of HAl 2008 Table I). 

Table 1. Selected Material Properties for Static aDd Seismic Stability ADalysis 
(Replaces Table I of HAl 2008) 

Shear Strength 
Modulus Properties Shear Wave Velocity (Y. - fIIs«) 

MateriallInterface Unit or Reduction & 
Weight + C Shear Modulus (G, pst) Relation Damping Curves 

(degree) (pst) 

G = 1000 K,( cr' m)~ See Figure 19 

HW' 115 pcf 31 0 K, = 60 for relatively dense sands 
Relatively dense 

(Seed and Idriss, 1970) 
sand (Seed et aI., 

1984) 

G = 14,760(2.97 -·r (OCR)' <7." See Figure 19 
Clay Liner '.' 115 pef 20 1,150 1+. (Seed and Idriss, 

(Hardin and Drenvich, 1972) 1970) 

See Figure 19 
Bedrock' ISO pef 40 800 V. = 2500 fps (Schnabel et .1. 

1972) 

Phase I Bottom Liner 
17 0 Interface' --- .. _- ---

Phase I Side Slope 
Liner Interface I --- 9 800 ---- ----

Phase II Bottom Liner 
19 0 Interface' ---- ---- ----

Phase II Side Slope -- 19 Liner Interface] 0 --- ----

Revised Expansion 
Area Liner Interface • --- 12 0 ---- ----

(I) Environmental Solutions, Inc. (1990, 1992, 1993); Rust Environment & In&astructure, Inc. (1998); URS (2005). 
(2) Modeled as a layer in site dynamic response analysis to include effects of softer clay layer on ground motion. 
(3) The residual interface shear strength propenies measured by URS (2005) were used for the Phase 1I slopes. 
(4) Golder Associates, Inc. (2009). 

------------------------------------------lh\l 
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The analysis approach discussed in Section 3.5 of the original stability report (HAl 2008) 
remains unchanged in the addendum report. 

As discussed in Section 3.6 of the HAl 2008 report, slope stability analyses were performed for 
the six cross sections analyzed in the 2008 report. Since the landfill is planned to be expanded 
mainly along its western and southern boundaries, and the new liner system properties only 
apply to these areas, potential failure planes on the west and south sides of Cross Sections A-A', 
B-B', C-C', D-D', E-E', and F-F' were analyzed. Additionally potential failure planes on the 
east side of Cross Section B-B' were analyzed. The most important potential failure mechanism 
considered was for a wedge (block failure) sliding through the waste mass and along the existing 
and expanded landfill base liner system. Potential failure surfaces were assumed to pass along 
the weakest interface in the lining system and then through the landfill mass to the surface. 

Pseudo-static analyses, necessary to compute yield acceleration coefficient (Ky), were also 
performed for the critical potential failure surfaces through waste and base liner system, 
identified from results of the static slope stability analyses for the selected cross sections. The 
yield acceleration is defined as the acceleration which results in a pseudo-static factor of safety 
of 1.0. The computed yield acceleration, Ky, represents limiting value of the horizontal seismic 
coefficient beyond which movement of a potential slide mass will occur. 

For each cross section, pseudo-static analysis using the Spencer or Janbu Method was performed 
to compute an estimate of yield acceleration coefficient (Ky) for the most critical potential failure 
plane identified from the static slope stability analysis for that section. The GST ABL 7 output 
plots are presented in Attachment B for the various potential failure surface conditions 
considered, and the most critical failure surfaces analyzed in the stability analysis of the final fill 
slopes of the proposed landfill expansion. 

Table 2b (replaces Table 2b of HAl 2008) below presents the results of the updated slope 
stability analyses (computed static factors of safety and yield acceleration coefficients) for the 
most critical potential failure surfaces using the new interface properties of ~ = 12° and C = o. 

------------------------------------------~\I 
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Table 2b. Summary of Slope Stability Analysis Results (Landfill West and South Sides) 
(Replaces Table 2b of HAl 2008) 

Cross Failure Plane Static Factor of 
Yield 

Section Number - Description 
Safety 

Acceleration, K,. 
(e) 

I 
Deep Block Failure through Bottom 2.55' 0.27' 

A-A' Liner 
(west) 

II 
Deep Block Failure through Bottom 5.41' 0.30' 

Liner 

I 
Deep Block Failure througb Bottom 

2.41 0.20 
B-B' Liner 

(west) 
II 

Deep Block Failure through Bottom 
6.44 0.31 Liner 

I 
Deep Block Failure through Bottom 

3.74 0.23 
C-C' Liner 

(south) 
II 

Deep Block Failure through Bottom 3.62' 0.23' 
Liner 

I 
Deep Block Failure through Bottom 

3.73 0.27 
Liner 

D-D' II·· Circular Failure 2.50 0.32 
(west) 

III·· Circular Failure 2.18 0.26 

I 
Deep Block Failure through Bottom 3.42' 0.28' 

E-E' Liner 
(west) 

II 
Deep Block Failure through Bottom 3.90' 0.32' 

Liner 

I" Circular Failure 2.58 0.33 

F-F' II 
Deep Block Failure througb Bottom 

4.40 0.29 
(west) Liner 

III 
Deep Block Failure through Bottom 

3.3 J' 0.28' 
Liner 

Notes: • Static Factor of Safety and Ky compUled using Janbu's method . 
•• Circular failure analysis from HAl 2008 included for completeness. 

Static factor of safety and K\. for section B-B' (east) changed only slightly and thus are not reported. Static factors 
of safety and~. values for Section B-B' are larger than 3.0 and 0.3, respectively. 

For all final (Iong-tenn) static conditions, the minimum acceptable factor of safety is 1.5. This 
criterion was satisfied by the potential failure surfaces analyzed for the proposed fill plan, base 
liner designs, and the site-specific and estimated landfill material properties. 

The results of the pseudo-static stability analyses show that the lowest yield acceleration 
coefficient was approximately equal to 0.20 for failure along the liner and waste mass in cross 
sections 8-8' (west). 

The combination of yield acceleration coefficient and slide mass geometry that could potentially 
result in the largest estimates of the seismically-induced displacements were used in the site 
response and Newmark displacement analyses as described in detail in the 2008 report (Golder, 

-----------------------------------------~\l 
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2008). Based on the computed yield accelerations presented in Table 2b and landfill cross 
sections geometry, the potential failure plane #1 for cross section B-B' and failure plane #1 
associated with cross section D-D' were judged to produce the largest seismic displacements and 
thus, were selected for dynamic site response and seismic deformation analyses. The estimated 
displacements were calculated based on updated 2008 site specific ground motions for the 
Kettleman Hills Landfill (HAt 2008). 

Seismically-Induced Permanent Displacements 

A detailed evaluation of the seismic deformations using two-dimensional finite element site 
response analyses and Newmark (1965) slope displacement calculation method was performed 
for this study. The analyses were performed for the most critical combinations of Ky values and 
failure plane geometries (Sections B-B', Failure Plane I, West and Section D-D', Failure Plane I, 
West) and the two sets of design earthquake motions used in the 2008 analyses (1994 Northridge 
Earthquake and 1979 Loma Prieta Earthquake records). 

The average acceleration time histories computed in the QUAD4M response analyses for the 
most critical potential failure mass identified in the pseudo-static analyses were used as input for 
Newmark deformation analyses to evaluate the permanent seismically-induced displacements 
along the liner system. The displacement calculated by this method is a function of the yield 
accelerations which were computed in the pseudo-static stability analyses. Figures 1 through 4 

() 

(replace Figures 21 to 24 in HAl 2008) illustrate variation of potential slide mass displacement C) 
(0) versus the yield acceleration Ky for cross sections B-B' and D-D' and for the two sets of 
design ground motions used in the analyses (Golder, 2008). Based on the Ky values in Table 2b 
and Figures 1 through 4, for the potential failure plane # I, located in the northwestern part of 
cross section B-B' the largest permanent displacement (- 1.5 inch) is induced for the 1994 
Northridge earthquake Castaic Old Ridge Route accelerograms scaled to a PHGA of 0.57g. For 
all other sections and potential failure planes for Ky values larger than 0.2 seismic induced liner 
displacements are less than 1 inch. These estimated values of the seismic displacements are 
considerably smaller than the maximum allowable displacement of 6 inches commonly used in 
the industry (Seed and Bonaparte, 1992). Therefore, the landfill will be stable both statically and 
seismically for the updated site-specific liner interface properties. 

Conclusion 

This addendum report summarizes the site specific liner interface shear strength testing 
performed by Golder and the updated slope stability and seismic deformation analyses for the 
proposed landfill expansion area slopes using the new strength properties. The site specific 
testing was performed to verifY the strength properties originally used in the landfill expansion 
design in the HAl 2008 report. The measured liner interface friction angle (~ = 12°) was found 
to be lower than the original value used in the design (~ = 19°). Using this new interface friction 
angle, static and dynamic stability analyses were conducted for various cross sections of the 
proposed landfill expansion area. 

------------------------------------------Eb\l 
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The analyses indicated that the proposed new landfill expansion design (Golder, 2008) would 
result in a stable configuration under both static and seismic loading conditions in compliance 
with applicable regulations. The acceptability of the landfill slopes for earthquake loading 
conditions was determined by the relatively small magnitude of the seismically-induced 
permanent displacements resulting from the local and distant design earthquake events. The 
results of the analysis show that the computed static factors of safety are greater than 1.5 for all 
analyzed sections. The results of the conservative Newmark-type permanent displacement 
analyses presented in this study indicated that computed maximum displacements along the liner 
system during the design earthquake events are less than 1.5 inches. 
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We trust this addendum report meets your present requirements. If you have any questions 
regarding this report, please contact this office at your convenience. We appreciate this 
opportunity to provide our professional services to Golder. 

Sincerely yours, 

Very truly yours, 

HUSHMAND ASSOCIATES, INC. 

Ben Hushmand, Ph.D., P.E. 44777 
President, Principal Engineer 
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TEST CONDiTIONS: 
SAMPLE PAEPARAnON: 

WLi.l 
CI.ENI': GOLDER. ASSOaa.TE8 

PROJECT: KETTLEMAH HLt.S 

mull'ACE SHEAR TEST REStLT iA81'M D532111243i 
POL ~ MIl, GOtOI07 

1. Specimens were cut along machine direction 10 14' x 17" for the l4)pef box, and 14" x 19" lor the lower box, 
with an effective test area of 12" x 12". 

2. The MaximlMTl Dry Density (1100) 01 the soil is llld pet at .1§£Il Optimum Moisl\l'e Content lOMe). 
3. Soli specimen was remolded 10 In.H pet: i.e.. iiml of MOD at 22ml moisture content. 

(forming 2 inch layer in the TOP and BOTTOM boxes} 
4. The three intermediate geosynthelic specimens were ftoating during shear run. 
CONSOliDAnON: 
1. Each set of specimen was consoIJdaled IJlder .Do: condIlionlor Zl.ID O_IIoadt.to .. ~ 
2. Normal loads were applied using HydrauliC! for the highest load, ~ for the intermediate and loWest loads. 
SHEAATEST: 
1. Shear18$1 was conducted @ rut!!l InImln. 
2. Sheared @ miriml ,tg inch horizontal displacement. 
3. Test specimens were sheared i DIl: concIitiOl'1~ 

4. Test were performed in general accordance with ASTM 062431 ASTM 05321 
using Brainard-Kilman lG·112 Direct Shear machine with effective lest area of 12 in X 12 1n 

TEST RESlI. Ta: 
Mpdy HIIght8 iCM45001 ~HaIg'*iCl44501i 

MoIltUI1I COnttnt PEAK STIIEHOTH POST·'EAK STIIEMOTII AT ......... 
NllIIIIIIIStru.s 

IF DOWN IF DOWN .... ..- "- ...... ...... .... "~M .... ..- .... ...... - ...... - ..... - .......... s.c.IltAIIgII 

"'. .... "'. • "'. "" "'" ... 
34.7 5.000 23.7 23.1 24.4 23.2 23.5 19.4 24.4 23.7 20.5 18.6 2.709 28 1,148 13 .... '0000 23.7 22., 23.7 22.3 22., 17.7 24.3 221 2O.S 19.8 4,737 2S a032 11 
104.2 15000 24.6 22.8 25.3 24.6 24.6 16.3 24.0 23.0 20.5 20.1 7953 28 3283 12 

N01.: COHESION (pst): 0 19 
NlA Not App/:cabIe COEFFICiENT OF FRiCTION : ~52 ~21 

FRicnON ANGLE (dea ..... ): 71.7 12.1 
NOTE hlrictioo angIa .00 co'-lon 'Hub gIv.n hen! .r. baed ... m.thelllllicdy ~"mined belt fit olloo, 

OBSERVAllONS: I No tilling of the system or any abnormalities observed dtxlng and after !he 1851. 
2 Superficial abrasion on the geosynthetics interfacing sides (typical 10 al loads). 
3. Sliding occurred between the OS Geocomposile 4C1620701 and 60 mil HOPE (Cl44501) on all loads. 

-

-,-

See attached photos (907· 1· 15,000 pst l 907· 1·10,000 pst / 907-1·5,000 pst) 
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TEST CONAGURATION 1:A 

TEST CONDITIONS: 
SAMPLE PREPARATION: 

WLL1:A 
CLIENT: GOLDER & ASSOCIATES 

PROJECT: KEnLEMAN HILLS 

INTERFACE SHEAR TEST RESULT (ASTM D5321/6243) 
PQL Job No. Q091078 

t. Specimens were cut along machine direction to 1.· x IT lor the upper box, and 14- x 19" for the lower box, 
with an effective test area 01 12" x 12", 

2. Geosynthetlc specimens were secured via ftat bar clamping mechanisms COlTlliete with bohs and nuts p -palrs). 
CONSOLIDATiON: 

Reviewed By: 
Date: 

t. The specimen was consolidated under 
2. Normal load was applied using 

SHEAR TEST: 

.QrJ: condition lor @ normal load before shearing, -t. Sheanest was conducted @ ~ inJ min. 
2. Sheared @ miniroom .t.Q inch horizontal displacement. 
3. The test specimens were sheared at Ra condition. 
4. Test were performed in generai accordance with ASTM 06243 I ASTM 05321 

using Brainard-Klman LG·tt2 Direct Shear machine with effective test area of 12 in X 12 in. 

TEST RESULTS' 

Normal Stre .... Applied 

(PSI) I (Ps~ 

69.44 I tO,ooo 
OBSERVATIONS. 

Asperity Hetghts 
PEAK STRENGTH ... , ..... 1 

mils St .... Angle ...... I ..... (Ps~ (degrees) 

25.' 18.4 4940 26 
t. No tining of the syslem or any abnorrnaHlies observed during and after the test. 
2. Superficial abrasion on the geosynthetlcs interfacing sides (typical 10 ali loads). 
3. Sliding occurred between the two interfacing surfaces. 

.... 
F1l1ureft 

Sheet StreHl DIIP18CelMftt Curw 

~ u ~ I.r ~ ~ U U 1r u 
~(~) 

POST· PEAK STRENGTH AT .til INCHES 

Shear Stress Secan1 Angle 

Ips~ (degrees) 

2135 12 

P Precision GeosyntheUc Laboratories 

o 

o 



( 

c 

TEST CONFIGURATION 1:1! 

SAIFLE PREPARATION: 

I6iLl.l=I 
CLIENT: GOLDER & ASSOCIATES 

PROJECT: KETTLEMAN HILLS 

INTERFACE SHEAR TEST RESULT (ASTM D5321 I6243) 
POL Job No. 0091078 

t. Specimens were cut along machine direction to 1 .. • x 17" for the upper box, and 1 .. ' x 19" for the lower box, 
with an effective tesl area of 12" x 12". 

2. Geosyrdhetlc specimens were secured via nat bar clamping mechanisms complete with bolls and nuts (7-palrs,. 
CONSOUDATtON: 

1. The specimen was consolldaled under 
2. Normal load was applied using 

SHEAR TEST: 
1. Shear lest was conducted @ 

l!a condition lor - in! min. 
2. Sheared @ minimum M inch horizontal displacemem 
3. The 1m specimens were sheared II RI:r: condition , 
4. Test were performed in general accordance with ASTM 06243 1 ASTM 05321 

@ normal load before shearing. 

using BrainanH(Hman LG·tI2 Direct Shear machine with errectlve test area of 12 in X 12 In, 

TEST RESUL lS' 

Reviewed By: 
Date: 19-Oct-Ol 

AsperIty Heights 
PEAK STRENGTH POST· PEAK STRENGTH AT il&. INCHES 

Normal Stresse. Applied 

, .. " , .. 0 

69.44 10,000 
OBSERVATIONS. 

Sh .. r ...... 
mils ."... Angle 

.... re I A .... , .. 0 (degrees) 

24.a I 19.3 4903 26 
t. No tilting otlhe sySlem or any abnormalities observed during and after theles1. 
2. Superficial abrasion on lhe geosynthetics Interfacing sides (typical 10 all loads). 
3. Sliding occurred between the two Interfadng surfaces. 

..., 

... 

H" 

Flgur.12 
Sh.r StrMsI DleplllCelMnt Curw 

_ _ u •• y y u u u u 
Dlsplacel'lWlt (In) 

P Precision GeosynlheUc Laboratories 

Sh .. r Streu s.c.nt Angie 

, .. 0 (dearees) 

2282 13 
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@ 15,000 psf 



( 

o 

@ 10,000 psf 



o 

o 

@ 5,000 psf 

(; 



( 
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APPENDIXB 

SLOPE STABILITY ANALYSIS 
PLOTS 
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KHF, SECTION A-A', WEST, STATIC, FAILURE PLANE I (REVISED) 

1600 , _ 
c:\Slope\cross sections\11.o91a-a wesl (10-1S)\sea-w-l .pI2 Run By: Ashkaan, Hushmand Associates. Inc 11'1012009 11:32AM 

~ FS 
- f t--, r 'I -I I 

Soil Soil Total Saturated Cohesion Friction Piez. 
a 2.663, 
b 2.553 

Desc. Type Unij WI. Unit WI. Intercept Angle Surface 

I c 2.553 Refuse 
I d 2.553 r P2 Uner 

Ie 2.553 , Bedrodc 
r 2553 1 Pl Base 
9 2.553 Pl Slope 

1200 I'j " 2.559 jl P3 Liner 
i 2.559 --.­

'. , 

No. (pel) (pet) (psn (deg) No. 
1 115.0 115.0 0.0 31 .0 0 
2 115.0 115.0 0.0 19.0 0 
3 130.0 130.0 800.0 40.0 0 
4 115.0 115.0 0.0 17.0 0 
5 115.0 115.0 800.0 9.0 0 
S 115.0 115.0 0.0 12.0 0 

a 

900 

• 3 
. , 

..-~~'. 3 3 . 
6 6 

f .-.. --:-...., -....... 
• • "" - --, ,, 1 1 1 . ,- . 1 -.'.~I'---..-
1 1 1 1, 1"---•• 

-- J' 1 • 

~ 
600 1-

300 

ol 
3.6 303.6 

~ 

603.6 

4 -ZP 2 '2'---. 

~ ----'--
903.6 1203.6 

- 2 

J 

1603.6 

GSTABL7 v.2 FSmln-2.663 

1 .......... _. 

~33 --. 

--l-

1803.6 2103.6 

Safety Factors Are Calculated By The Slmpllfled Janbu Method 

() 

I 

I 
- 3 

... 
• 3 3 j 

i 

J 
2403.6 

f\ 
, 



,.- o .-..... 

KHF, SECTION A-A', WEST, PSEUDO-STATIC, FAILURE PLANE I (REVISED) 

1500 
c:\slopelcross sedions\II-09\a-a we.l (lo-I6)1sea-w-j>1 surface .1 .pIt Run By: Ashkaan. Huslwnand Associa1es, Inc 1111012009 11 :404AM 

I I 1 I I , 
Soi Soil Total Saturated Cohesion Friction Piez. Load Value 

Desc. Type Unit WI. Un~ WI. Interoept Angie SUrface Peak(AI 0.570(g) 
No. (pet) (pet) (psf) (dog) No. kh Coo. 0.270(g)< 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 

, 
1200 ,-~3 Liner 6 115.0 115.0 0.0 12.0 0 -

900 -

600 f-

300 f-

o 
3.5 

3 

.. . A • • • . 1 1 
, , , . ". , 1 --•• 

_. , 
1 

_.~. 1 , , •• 
33~~ 

1 , .... , , 
4 -:-r:42 i--... 

2 

I I I I I i 

303,5 603.5 903.5 1203.5 1503.5 1803.5 

GSTABL7 v.2 FSmln=1.002 
Factor Of Safety Is Calculated By The Simplified Janbu Method 

-

•• 1 . 
1 .. ~~ ....... 
~333 - 3 3 

2 3 _ 

, 

I 

2103.5 2403.5 



KHF, SECTION A-A', WEST, STATIC, FAILURE PLANE II (REVISED) 
c:\sIope\cross sedions\11-OSIa-a _st (10-16)\sea-w-2.pl2 Run By: Ashkaan. Hushmand Associales.lnc 1111012009 06:42PM 

1500 ,r== - ,. -.o...:t r l' -~ 
# FS j; Sol Soil Total Saturated Cohesion Friction Piez. 
a 6.413

j 
DeSc. Type Unit INt. Unit INt. IntOfCept Angle Surface 

b 5.434 1 No. (pel) (pel) (psI) (dog) No. 
t 5.434 ' Refuse 1 115.0 115.0 0.0 31.0 0 

I d 5.434 " P2 Liner 2 115.0 115.0 0.0 19.0 0 

1

8 5.434 1 Bedrock 3 130.0 130.0 800.0 40.0 0 
f 5.434 : PI Base 4 115.0 115.0 0.0 17.0 0 
9 5.434 ' PI Slope 5 115.0 115.0 800.0 9.0 0 

1200 h 5 434 1 P3 Liner 6 115.0 115.0 0.0 12.0 0 
I 5.434 

900 

600 

300 I 

0 -
3.5 

- 3 

, , 

;.,.~-

6 

303.5 

• 
t • " " <.. 1 1 1 , • 1 - 1 -1---: 

1 

..... ~ .• 
6 

5 -;;-rr 4 2~ 

. ___ l 

603.5 903.5 

1 
-

--I . -
1 •• 1 

- 2 

1203.5 1503.5 

GSTABL7 v.2 FSmln=5.413 

1 .,. 
1 

I 

1803.5 

Safety Factors Are Calculated By The Simplified Janbu Method 

GSTABUt'i 

.---

•• 1 
1~ " 
~ 333 • 

-I 

• • 
1 • 3 1 

2103.5 2403.5 

------
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KHF, SECTION A-A', WEST, PSEUDO-STATIC, FAILURE PLANE II (REVISED) 

1500 
c:lslopelcross sectionsI11-09\a·a west (1 0-16)lsea-wps-2 surface 'l.plt Run By: Ashkaan, Hushmand Associates. Inc 11/10/2009 06:34PM 

l ---, 

II 
-. I I 

Sag Soil Total Saturated Cohesion Friction Piez. Load Value 
Oesc. Type Unit WI. Unit WI. Intercept Angle Surface p.ak(AI 0.570(W 

No. (pel) (pel) (psi) (deg) No. kh Coo . 0.29O(g < 

1200 

Refuse 1 115.0 115.0 0.0 31.0 0 I P2 Uner 2 
1 t5.0 115.0 0.0 t9.0 0 

Bedrod< 3 130.0 130.0 600.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 
P3 Liner 6 115.0 115.0 0.0 12.0 0 

I 
900 

600 

. ---.. --------• .____. - . --- ~ 1 1 1 • 
J ;.1~.------1 1 1 ' ·,·r 

6 __ _ / 

6 I 
------------- . ------' , , -------- 1 • ______ • • _____ 

' 1 • _____ • • . _. 

1 1 -----.---... -. ...... --3 3 . 
~33-.~ _1 ..-----2 - , 

2 

5 
~-.-r:~ 

300 

o LI --- ----'----.-------

____ .1_ 

903.5 
----1 
1503.5 

-----~-----~ 
3.5 303.5 603.5 1203.5 1803.5 2103.5 2403.5 

GSTABL7 v.2 FSmln=1 .021 
Factor Of Safety Is Calculated By The Simplified Janbu Method 



KHF, SEC. B-B', WEST, STATIC, FAILURE PLANE II (REVISED) 

1800 
e:\Slope\cross sectionsl 11-09\b-b west (oct 09)\secb-wsji.pI2 Run By: Ashkaan, Hushmand Associates, Inc 11/1 0/2009 11 :59AM 

I i I I 
# FS Soil Soil Total Saturated Cohesion Friction Piaz. 
a 1.960 Dese. Type Unit WI. Un~ WI. Intercept Angle Surface 
b 1.960 No. (pel) (pel) (psI) (deg) No. 
t '1.976 Refuse 1 115.0 115.0 0.0 31 .0 0 
d 1.986 P2 Liner 2 115.0 115.0 0.0 19.0 0 
a 1.986 Bedroel< 3 130.0 130.0 600.0 40.0 0 

1500 f 1.987 Pl Base 4 115.0 115.0 0.0 17.0 0 
g 1.987 Pl Slope 5 115.0 115.0 800.0 9.0 0 
h 1.992 P3 Liner 6 115.0 115.0 0.0 12.0 0 
i 2.025 
J 2030 

1200 

900 

- " __ e_ . 1 1 ~ ~·~'"--'----·1" 1 1 
II •. 1 

~L., '-2 ~ , . , I; ,; ....... ---'i---. , . , 
5 " 4 

---------.. --. 
1 1 1 1 '"1'>-3--3'" 3 

2 
600 f---

-

300 f--- -

o LI ________ ~ ________ L_ ______ ~ ________ ~ _________ ~ ________ L_ ______ ~ _________ ~ ______ ~ 

3.5 303.5 603.5 903.5 1203.5 1603.6 1803.5 2103.5 2403.5 2703.5 

GSTABL7 v.2 FSmln=1 .960 
Safety Factors Are Calculated By The Simplified Janbu Method 

GSTABL70 

o o 
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KHF, SEC. B-B', WEST, STATIC, FAILURE PLANE I (REVISED) 
c:\Slopelcross sectionsl11-091b-b west (oct 09)\secb-ws1 surface tt1.plt Run By: Ashkaan. Hushmand Associates. Inc 11/1012009 12:02PM 

1800 II I I I 
Soil Soil Total Saturated Cohesion Friction Piez. I 

Desc. Type Unit WI. Unit WI. Intercept Angle Surface 
No. (pet) (pet) (psI) (deg) No. 

Reluse 1 115.0 115.0 0.0 31.0 0 
P2 Uner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 1500 -
P3 Liner 6 115.0 115.0 0.0 12.0 0 

1200 I- -

900 .- -

600 I-

--~- •. --1 . .. __ e_. ___ 
1 1 1 1 ~ • 1 1 - . 

_ . 1 ,. • 
2 2----. 73.-3~---T 

2 •• 2 2 2 ·--·2-~~ 

~-3; 
...... . ~ 

.~~ 1 
4 4 -

300 .-

o LI ________ ~ ________ L_ ______ ~ ________ _L. ________ .L_ ______ ~L_ _______ L ________ ~ _______ __ 

3.5 303.5 603.5 903.5 1203.5 1503.5 1803.5 2103.5 2403.5 2703.5 

GSTABL7 v.2 FSmln=2.412 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

GSTABLr.t; 



KHF, SEC. B-B',WEST, PSEUDO-STATIC, FAILURE PLANE I (REVISED) 
c:\sIope\cross sectionslll-091b-b ..... , (oct 09)\secb-wp.l.pIt Run By: Ash1<aan. Hushmand Associales, Inc 1111012009 12:07PM 

1800 r,' l ,I 
Soil Soil Tolal Saturaled Cohesion Friction Piez. Load Value 

Dosc. Type Un~ 1M. Un~ 1M. Inlercept Angle Surface I Peak(A) 0.570(9) 
No. (pel) (pel) (psI) (!leg) No. kh Coef. 0.19O(g)< 

Refuse I 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 1500 
P3Liner 6 115.0 115.0 0.0 12.0 0 

1200 I-

900 

600 I-

. _ .• _ e--:--..__ . __ _ __e 
----------.-, 0 0 0 - 0 --, - , f 1 1 , 1 1 --:---, ._~ 3 0-----1 1 1 1 ~3 3 ' 1 ·;1 2 ~ 

· 3 q!,1;~ • L _____ 0 0 2 • 2 
5 0-4 2 2 --' . 2 2 4 

I; ~ 

300 I-

o I I 

3.5 303.5 603.5 903.6 1203.5 1503.5 1803.6 2103.5 2403.6 2703.5 

GSTABL7 v.2 FSmln=1.02S 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

, o 



o ,.-.... 

KHF, SEC. B-B', WEST, STATIC, FAILURE PLANE II (REVISED) 
c:\alopelcross sectionslll'()9Ib-b west (oct 09)\aecb-wsjil.pI2 Run By: Ashkaan. Hushmand Associates. Inc 11/1012009 05:37PM 

1800 I 1= I ,---- -I ------

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 4.535 Desc. Type Unit wt. UnH wt. Intercept Angle Surface 
b 4.567 No. (pel) (pel) (psn (deg) No. 
e 4.648 Refuse 1 115.0 115.0 0.0 31 .0 0 
d 4.700 P2 Liner 2 115.0 115.0 0.0 19.0 0 
~ 4.741 Bedrock 3 130.0 130.0 800.0 40.0 0 

1500 f 4.765 PI Base 4 115.0 115.0 0.0 17.0 0 
9 4.791 PI Slope 5 115.0 115.0 800.0 9.0 0 
h 4.840 P311ner 6 115.0 115.0 0.0 12.0 0 
i 4.853 
I 4861 

1200 t-

o 

900 t- o 
~i 

... - ' ~ L" ., . ~ o. ~ 1 1 1 1 
3 3 3 -i1t-3 l .0, 

'5-. '---. --·2 .... 
4 • ~ t- 2 600 

300 l-

o 
3.5 303.5 603.5 903.5 1203.5 

· 1 o--l - e 1 .---:r-- , - - 1 

- • • 2 2 • 

1 _______ 

1503.5 1803.5 

GSTABL7 v.2 FSmin=4.535 

• , - 0 

73.3~ 
2 

2103.5 2403.5 

Safety Factors Are Calculated By The Simplified Janbu Method 

GSTABUr; 

0 

3 

2703.5 



KHF, SEC. B-B', WEST, STATIC, FAILURE PLANE II (REVISED) 
c:\Slopelcross sectionslll-091b-b west (oct 09)\secb-ws2 •• urface 'l.pH Run By: Ashkaan. Hushmand Associate •. Inc 11/10/2009 05:39PM 

1800 I' I I I 
Soil Soil Total Saturated Cohesion Fridion Piez. I 

Desc. Type Unit \/\/I. Unit \/\/I. Intercept Angle Surface 
No. (pet) (pet) (psI) (dog) No. 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 t30.0 800.0 40.0 0 
PI Ba.. 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 1500 
P3 Liner 6 115.0 115.0 0.0 12.0 0 

1200 I-

900 .-
• .. • -.--. • 1 7'- --.. 

- - "1- - 1 1 1 1 1 
.... 

1 1 1 1 • 1.._0 oL. 1 
'3 33 - · 3 1If'&---

600 I-

--..... 
5 '. 

/ 

4 
.i-r-2i-, -

1 

- 2 --.. -- --- 0 
2 2 

1-

/

. 1 .-~3· 3 33 
~__ 2 

L 

300 I-

o LI ________ ~ ________ L-______ ~ ________ _L ________ ~ ________ L_ ______ ~ _________ L ______ ~ 

3.5 303.5 603.5 903.5 1203.5 1503.5 1803.5 2103.5 2403.5 2703.5 

GSTABL7 v.2 FSmin=6.443 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0·2) 

GSTABL70 

o (J 



o 
KHF, SEC. B-B',WEST, PSEUDO-STATIC, FAILURE PLANE II (REVISED) 

1800 
c:\Slop.lcross sectionsl11-09\1>-b west (oct 09)\secb-ws2ps.plt Run By: Ashkaan. Hushmand Associates. Inc 11/1012009 05:42PM 

_._-- ._--- --'-r-- I 
Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

Desc. Type Unit WI. Unit WI. Intercept Angte Surface Peak(A) 0.570(g) 
No. (pet) (pet) (p.Q (dog) No. kh Cael. 0.310(9)< 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
c .P1 Ba .. 4 115.0 115.0 0.0 17.0 0 

P1 Slope 5 115.0 115.0 800.0 9.0 0 1500 
P3 Liner 6 115.0 115.0 0.0 12.0 0 

1200 

900 - .. --
"----;--··1 

~-~_.". 1 1 
3 '6 . 

600 l-

300 I-

o 
3.5 

5 

303.5 

1 

...... . ~ 
• 

603.5 

__ 0-

71 .-. - · .... -·-..-~·1-·-·~ 1 1 111 11.:---
1 1 --:-- --. / 3-3'3 3 

~-... fi----. 
2 • 2 • 2 • 2 

903.5 1203.5 1503.5 1803.5 2103.5 2403.S 

GSTABL7 v.2 FSmln=1.015 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

2703.5 



1800 

1500 

1200 I-

900 I-

• 
600 1-

300 ,-

KHF, SEC. B-8', EAST, STATIC, FAILURE PLANE 1 (REVISED) 
c:\slope\cross sectionsl11-OS\b-b easl (oct 09)lsecb-esj1 .pl2 Run By: Ashkaan, Huslvnand Associales, Inc 11110n00S 05:01PM 
r-=== I I I --r 

"FS Soil Soil Tolal SatIXated Cohesion Fridion Piez. 
a 3,888 Dese. Type Unit 1M. Unit 1M. Intercept Angle SUrface 
b 3.754 No. (pel) (pel) (psI) (deg) No. 
t 3.777 Refuse 1 115.0 115.0 0.0 31.0 0 
d 3.180 P2 Liner 2 115.0 115.0 0.0 19.0 0 
• 3.825 Bedrock 3 130.0 130.0 800.0 40.0 0 
I 3.841 P1 Base 4 115.0 115.0 0.0 11.0 0 
9 3.866 P1 Slope 5 115.0 115.0 800.0 9.0 0 
h 3.899 P3 Liner 6 115.0 115.0 0.0 12.0 0 
I 3.908 
I 3918 

• 
3~ c ~... . ... 

• ,. _'__ / i i'2"3.--;j 3" 
• .-. • • 1 I - i-·-;I: " 1 1 1 1 

~ •. ~ , 3 33 1I 
0: _ ..---2"2 ~--4 -6 

• .- - 2 ' . 
2 2 2 

o LI ____ -L ____ -L ____ -L ____ -L ____ -L _____ -L ____ -L ____ -L ____ ~ 

5.9 305.9 605.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 2705.9 

GSTABL7 v.2 FSmln=3.688 
Safety Factors Are Calculated By The Simplified Janbu Method 

r' r"\ 
'-



1800 

1600 

1200 ,-

900 ,-

o 
KHF, SEC. B-B', EAST, STATIC, FAILURE PLANE 1 (REVISED) 

c:lslopelaoss sectionslll~91b-b east (oct 09)lsecb-esl surface".ph Run By: Ashkaan, Hushmand Associates, Inc 11110/2009 05:09PM 
1--, 

Soil Soil Total Saturated Cohesion Friction Piez. 
Dese. Type Un~ 1IVt. Un~ 1IVt. Intercept Angle Surface 

No. (pel) (pel) (ps~ (dog) No. 
Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Uner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 
P3 Liner 6 t t5.0 115.0 0.0 12.0 0 

. --.-. 1 1 1 1 
O- O~--· • 

1 1 1 

0 _-

--- 1 1 - '!IJ-e. _ 
1 1 1 

3"3\---:1-
.. --- ---, • I • 

, 1 11 11 
...... . 

2- 12 3. 333" 

600 f--
5 

2 -. 2 ----4 2 . 2 .~2 2 ~-----4 • 6 -... 

300 l-

-..... 

-

-

-

-

o LI~ ____ ~~~ _____ ~~~ ____ ~~~ ____ -:~~ ____ ~~~ ______ -L ________ -L ________ -L __ ___ 
5.9 305.9 -' 606.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 2705.9 

GSTABL7 v.2 FSmln-5.817 
Factor Of Safety Is Calculated By GLE (Spencers) Method (0-2) 

GSTABL70 



KHF, SEC. 8-8', EAST, PSEUDO-5TATIC, FAILURE PLANE 1 (REVISED) 

1800 
e:Islope\crosa sections" 1-091b-b easl (oct 09)\secb-epl .pn Run By: Ashkaan. Hushmand Associates. tne 1111012009 05:13PM 

,- + --===t , "" ~Ir T J' "T-Soil Soi' Tota' Saturated Cohesion Friction Piez. Load Value 
Dese. Type Unit WI. Un~ WI. Intercept Angle Surface Peak(A) 0.570(9) 

. No. (pel) (pel) (ps!) (dog) No. I kh Coal. 0.340(9)< 
J Refuse I 115.0 115.0 0.0 31 .0 a - --

P2liner2 115.0 115.0 0.0 19.0 a 
Bedrock 3 130.0 130.0 800.0 40.0 a 

1600 PI Base 4 115.0 115.0 0.0 17.0 a 
! PI Slope 5 115.0 115.0 800.0 9.0 a 
~Iner 6 115.0 115.0 0.0 12.0 a 

1200 

900 . 

• .-e __ ._ . . .~- I ~. • '1* - '\ • I . -
3. -- -..:..... 1 ,. 1 

Itt t t ,-;- -1 - • ~ ........... -/f1 3· 3 3 3 
• 3 3 31 ........ 

600 l-
6 
~ 

2 - .-

300 

0 1 
6.9 306.9 605.9 

- .-
2 

L 

906.9 

2 .-

1 

1205.9 

2 - _~2-"4-

j 

1505.9 1806.9 

GSTABL7 v.2 FSmln=1.022 

4 

Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

GSTABL7:0 

('\ 
--

....---5 

2105.9 
L 

2405.9 2705.9 

f\ 
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1800 

1500 

1200 

900 

600 

300 

o 
5.9 

o 
KHF, SEC. B-B', EAST, STATIC, FAILURE PLANE 2 (REVISED) 

c:lsIopelaoss sections\11~1b-b .asl (oct 09)IsecIH!sj2.pl2 Run By: Ashkaan. Hushmand Associates. Inc 1111012009 05:15PM 
I I 

# FS Soil Soil Toial Saluraled Cohesion Friction Piez. 
• 2.320 Desc. Type Unil WI. Un~ WI. Inlercepl Angle Surface 
b 2.328 No. (pel) (pel) (psI) (dog) No. 
c 2.332 Refuse 1 115.0 115.0 0.0 31.0 0 
d 2.347 P2 Liner 2 115.0 115.0 0.0 19.0 0 
• 2.379 Bedrock 3 130.0 130.0 800.0 40.0 0 
r 2 471 P1 Base 4 115.0 115.0 0.0 17.0 0 
9 2.482 P1 Slope 5 115.0 115.0 800.0 9.0 0 
h 2 493 P3 Liner 6 115.0 115.0 0.0 12.0 0 
j 2.602 
) 2647 

• ....----;--.-~i ·- .-e __ .. . -. 1 1 . -.- 1 1 I c b • - , - 1 1 1 1 1 1 

3 ' ~ ' 33 ·31 

6 _.~2~ • • • .- "2 4 
2 2 2 

___ I __ I ~-----

305.9 605.9 905.9 1205.9 1505.9 1805.9 

GSTABL7 v.2 FSmln-2.320 
Safety Factors Are Calculated By The Simplified Janbu Method 

--I 

1 .. ·--:-..... 
1 1 -. ~ ..AfJ: - -.. 

'lZ 3.' 33 3~ 
~·2· 

5 • 

___ J 

2105.9 2405.9 

~ 

2705.9 



.r 

KHF, SEC. B-B', EAST, STATIC, FAILURE PLANE 2 (REVISED) 
c:\Slope\cross sections\11~9\b-b east (oct 09)\secb-es2 surface #1.plt Run By: Ashka.n. Hushmand Associates. Inc 11/1012009 05:16PM 

1800 I I I I 
I Soil Soil Total Saturated Cohesion Friction Piez. I 

Desc. Type Unit WI. UnH WI. Intercept Angle Surface 
No. (pel) (pel) (psO (deg) No. 

Reruse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 1 t5.0 0.0 19.0 0 

Bedrod< 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 1500 
P3 Liner 6 115.0 115.0 0.0 12.0 0 

1200 I-

900 .- . - - .-- . .-
1 1 ••• 

-

- . 
3 3' -s~f 1 

600 f- ~-

• 1" 1 , 1, ·t" 1 
. , . 
~2-'"4--

1 , 

~
1 _~-.'·3'" 

2 1 2 3 3 3 

5 

2 -- . 2 2 2 4 -

300 I-

o LI ____ ~_. ___ L_ ____ ~ ____ _L ____ ~. ____ L_ ___ ~. ____ _L ___ ___ 

5.9 305.9 605.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 

GSTABL7 v.2 FSmln=3.327 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

GSTABL70 

o 

2705.9 

" \J 



o 
KHF, SEC. B-B', EAST, PSEUDO-STATlC, FAILURE PLANE 2 (REVISED) 

1800 
c:\sIopelaoss sedionsl1 1-091b-b east (oct 09)\secb-eps2.pII Run By: Ashkaan. Hushmand Associates. tnc 11/10/2009 04:30PM 
I 

SoM Soil Total Saturated Cohesion Friction Piez. Load Value 
Oese. Type Unit Wt. Unit Wt. Intercept Angle Surface Peak(A) 0.570(g) 

No. (pel) (pel) (psI) (<leg) No. kh Coef. 0.310(g)< 
Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 

1500 P1 Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 
P3 Liner 6 115.0 115.0 0.0 12.0 0 

1200 

900 .. 
• • • • • • · 1 · 1 1 -1··' 

• • 1 1 1 1 1 1 .... 
-1 ~~3. 333 

~-~.--I~ 
~.~ 

2 • 2 ~--. 2 2 • 4 600 

300 

o 
5.9 

-~ I _________ ~ L _______ 

305.9 605.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 2705.9 

GSTABL7 v.2 FSmln=1.011 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0·2) 

GSTABL70 ' 



KHF, SEC. B-B', EAST, STATIC, FAILURE PLANE 3 (REVISED) 

1800 
e:\Slope\cross sectionsl1 1-091b-b east (oct 09)\seclH>s3.pI2 Run By: Ashkaan. Hushmand Associates. Inc 1"1012009 05: 1 8PM 
~~ ---~~ 

I 
------

I 
- - -~-

I --I 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 7.044 DeIC. Type Unit WI. UnH WI. Intercept Angle Suda"" 
b 7.065 No. (pel) (pel) (psI) (deg) No. 
e 7.065 Refuse 1 115.0 115.0 0.0 31 .0 a 
d 7.109 P2 Liner 2 115.0 tt5.0 0.0 19.0 a 
• 7.109 Bedrock 3 130.0 130.0 800.0 40.0 a 

1500 f 7.206 P1 Sase 4 115.0 115.0 0.0 17.0 a 
9 7.206 P1 Slope 5 115.0 115.0 800.0 9.0 a 
n 7.293 P3 Liner 6 115.0 115.0 0.0 12.0 a 
I 7.304 
I 7 36~ 

1200 l-

I 

900 ~ 

, 
_ 0. 

1 
1 1 1 .~ I __ e - • '--r-·~1·~-· -1-- ~'() 1 -OO~ __ -- 1 ' 1 

~2~~30333 --- , \/~-r 1 , 
3 33 .~~ 

600 

300 -

o 
5.9 

GSTABL10 

6 

I 

305.9 

. 
.d/t-i 2- ...-- -

....... ' 0 - . • 2 4 222 

I I I I I 

605.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 

GSTABL7 v.2 FSmln-7.044 
Safety Factors Are Calculated By The Slmplifled Janbu Method 

o 

2705.9 

" 



I 

1800 

1500 

1200 

900 

600 

300 

o 
KHF, SEC. 8-8', EAST, STATIC, FAILURE PLANE 3 (REVISED) 

c:\slope\cross section.lll.()9lb-b .a.1 (oct 09)Isecb-esps3.pI1 Run By: Ashka.n. Hushmand Associales. Inc 1111012009 05:27PM 
-f I 1--, I I r 

Soil So~ Total Saturated Cohesion Friction Piaz. 
Dese. Type Unil WI. Unit WI. Inlercepl Angle Surface 

No. (pcf) 
Refuse 1 115.0 

(pcf) (psn (dog) No. 
115.0 0.0 31 .0 0 

P2 Liner 2 115.0 115.0 0.0 19.0 0 
Bedrock 3 130.0 130.0 800.0 40.0 0 
Pl Ba.. 4 115.0 115.0 0.0 17.0 0 
Pl Slope 5 115.0 115.0 800.0 9.0 0 
P3L1ner 6 115.0 115.0 0.0 12.0 0 

• . --. .-.-~. 
3 3'3- - . ---(7 1 1 1 1 - - 1 . --

31 ~ 1 · 1· . , . T l 

6 _~2-~ • e · 2 2 2 2 

1 

• 

1-. ,~ / .. ~5 2- '1!3· 3
3 

3" 

.......... 

o I I I ________ ~--------~--------~--------~--______ ~ 

5.9 305.9 605.9 905.9 1205.9 1505.9 1805.9 2105.9 2405.9 2705.9 

GSTABL7 v.2 FSmln=7.665 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0.2) 



KHF, SEC. B-B', EAST, PSEUDO-5TATIC, FAILURE PLANE 3 (REVISED) 

1800 
e:lslope\cross sections\II-09\b-b .a.l (oct 09)Isecb-espsJ.pIt Run By: Ashkaan, Husllmand Associa1es, Inc 1111012009 05:28PM 

I I I 
S<>iI Soil Total Satura1ed Cohesion Friction Piez. Load Value 

Oese, Type Unit WI. Unit WI. Intercept Angle Surface Peak(A) 0.570(9) 
No. (pet) (pel) (psf) (!leg) No. kh Coof. 0.320(9)< 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 

1500 P1 Base 4 115.0 115.0 0.0 17.0 0 
, 

PI Slope 5 115.0 115.0 800.0 9.0 0 -
P3 Liner 6 115.0 115.0 0 .0 12.0 0 

1200 - -

, 
900 - -.. 

-
7' 1 1 • - . e- . -_ ___ . _ -- - • • .... 

• - • 1 1 1 1 1 1 1 1 11~ .~J" 
- 1 1 

3 - 3'-.31~ .~2 2 3

3 

600 r 2--

300 r 

o 
5.9 

GSTABL7:0 

I I 

305.9 605.9 

....-4 '"4--.. -'- 2 .- -~ ""' 2 • 2 

I I I I 

905.9 1205.9 1505.9 1805.9 

GSTABL7 v.2 FSmln=1.001 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0.2) 

(\ 
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I I 

2105.9 2405.9 

-

-

---

2705.9 

f\ 
V 



,-

1400 
# FS 
a 3.148 
b 3. t52 
t 3.172 
d 3.181 

1200 H e 3,188 
f 3.192 
g 3.194 
h 3.197 
I 3.199 
I 3201 

1000 ~ -

800 t- A 

' 3 3 

600 ~ 

400 ~ 

200 f-

6 

o 
KHF, SEC. C-C', SOUTH, STATIC, FAILURE SURFACE I (REVISED) 

c;IsI_Iao .. sedionsl11-091o-c south (oct 09)\sea:-ssjl .pl2 Run By; _san, Hushmand Associates , Inc 1111012009 02;21PM 
I I I I I I , I 

Sol Soil Total Sahnled Cohesion Fridion Piez. 
Desc. Type Un~ WI. Un~ WI. Inlercept Angle Surface 

No. 
Refuse 1 
P2 Liner 2 

Bedrock 3 
P1 Base 4 
PI Slope 5 

P3 Liner 6 

•• 1 , 
6 

(pel) 
115.0 
115.0 
130.0 
115.0 
115.0 
115.0 

(pel) (psi) 
115.0 0.0 
115.0 0.0 
130.0 800.0 
115.0 0.0 
115.0 800.0 
115.0 0.0 

• 
I r/I i 

'" d b 
1 · 1· 1 · 

(dog) 
31 .0 
19.0 
40.0 
17.0 
9.0 
12.0 

1 

No. 
0 
0 
0 
0 
0 
0 

-. . . 
1 1 , 

'5--
5

________ - - ~4'1 
5 ----------.-4 4 4 

• 
1 .,. 

1 

.. 

10. 
1 

1 

5 

I 

........,. 

• • 
1 - 1-4!0' .. '. 2 ,33 

-

-

o 'L _______ L _______ L-______ L-____ L-___ ~ _____ ~ _____ _L _______ L _____ J_ _____ ~ ___ ~ 

3 m ~ ~ m 1~ 1m 1~ 1~ 1m ~ 2203 

GSTABL7 v.2 FSmln=3.148 
Safety Factors Are Calculated By The Simplified Janbu Method 

GSTABHO 



KHF, SEC. C-C',SOUTH, STATIC, FAILURE SURFACE I (REVISED) 
c:lslopelcross sectionsl11-09\c>e south (oct 09)lsecc-••• 1.pH Run By: Ashkaan. Hushmand Associates. Inc 11/10/2009 02:24PM 

1400 I I I I I 

1200 

I Soil Soil Total Saturated Cohesion Friction Piez. I 
Desc. Type Unil WI. Unit WI. Intercepl Angle SUrface 

No. (pet) (pet) (ps~ (deg) No. 
Refuse 1 115.0 115.0 0.0 31.0 0 
P2Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 

P3Liner 6 115.0 115.0 0.0 12.0 0 

1000 .-

• ' 1 1 1 • 
4 .-

.. 
1 • 1 • 1 

1 

1 / 800 f- __ ~ 

- -. ~4--t 

' 3
6 ~ • . -~ 

J 6 5 5 5 -----._ 

600 f- 4 4 4 

400 f-

200 f-

• 
1 • • 1 

1 - .. 
1 

1 

A 
4 

."" ).-~i'3 

o L- 11 ___ ....L __ ----1 

3 m ~ ~ m 1~ 1m 1~ 1~ 1m ~ 2203 

GSTABL7 v.2 FSmln=3.743 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

GSTABUC; 

f - \ ..." 



"..-... o , 
KHF, SEC. C-C',SOUTH, PSEUDO-STATIC, FAILURE SURFACE I (REVISED) 

c:\Slopelcross sec!ionslll-091c-<; south (oct 09)\secc-sssl.plt Run By: Ashkaan, Hu.hmand Associates, Inc 11/1012009 02:39PM 
1400 II I II Ii 

Soil Soil Talal Sa1ura1ed Cohesion Friction Piez. load Value 
Desc. Type UM WI. Unn WI. Intercept Angle Surface 

No. (pel) (pel) (ps~ (deg) No. 
Pe.k(A) 0.570(g) 
kh Coef. O.230(g)< 

Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

1200 _ Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 

P3Liner 6 115.0 115.0 0.0 12.0 0 

1000 ,- -

800 .~, .,. . . . ' 3 1 6 6 5 5 

- , . _e e - -
1 , 1 

, • • • • , , .,. , 

5 

~ 

/
' .,. 

4 --' .. •• ~. _ ,"1" 
444 5 600 f-

400 -

200 -

O LI ______ L-____ -L ______ L-____ -L ______ L-____ ~ _____ ~. ______ ~ ______ L ______ ~ ____ ~ 

3 203 403 603 803 1003 1203 1403 1603 1803 2003 2203 

GSTABL7 v,2 FSmin=0,993 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 

GSTABL70 



KHF, SEC. C-C',SOUTH, STATIC, FAILURE SURFACE II (REVISED) 

1400 
c:"lopelcross sectiooslll-091c-c south (oct 09)"eco-ssj2.pI2 Run By: Ashkaan. Hushmand Associates, Inc 11110/2009 02:27PM 

I 
# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 3,616 Oesc. Type Unit V'II. Unit V'II. Intercept Angle Surface 
b 3.618 No. (pel) (pel) (psn (deg) No. 
c 3.618 Refuse 1 115.0 115.0 0.0 31.0 0 
d 3.622 P2 Uner 2 115.0 115.0 0.0 19.0 0 

1200 • 3.622 Bedrock 3 130.0 130.0 800.0 40.0 0 
f 3.628 PI Base 4 115.0 115.0 0.0 17.0 0 
9 3.630 PI Slope 5 115.0 115.0 600.0 9.0 0 
h 3631 P3 Liner 6 115.0 115.0 0.0 12.0 0 

3.632 
3640 

1000 I-
a 

800 

) - . • 1 
.. • z ---· 1 1 ~. 

-- 1 1 
~: _ - . ,. - 1 

~ .. 
1 3 J~_ . , •• 

1 -~-~ 

/~J3 6 - - _______ 5 5 

~ 
, . 4 ---t4i--. -: I- - • 4 600 

400 I-

200 

o 
3 203 403 603 803 1003 1203 1403 1603 1803 2003 2203 

GSTABL7 v.2 FSmln=3.616 
Safety Factors Are Calculated By The Simplified Janbu Method 

GSTABUO 

o ~. 
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KHF, SEC. C·C',SOUTH,PSEUDO-5TATIC, FAILURE SURFACE II (REVISED) 

1400 
c:\Slopelcross sectionsl11..()9\o-c soulh (oct 09)\seco-s.s2.pll Run By: Ashkaan, Hushmand Assoelales, Inc 11/10/2009 03:02PM 

I Ii h I 
Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

Desc. Type Unit WI. Unit WI. Intercept Angle Surface 
No. (pet) (pet) (psI) (dog) No. 

Peak(A) 0.570(g) 
kh Cool. 0.230(g)< 

Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

1200 Bedrod< 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 

P3Liner 6 115.0 115.0 0.0 12.0 0 

1000 

800 I-/.-.~·t 
3 3 6 ---... .. __ --:;: __ .... 

6 0 

600 ,-

. ----,----- 1 • 1- --
---0 

1 00 _______ 

1 1 _____ •• 

1 

------... I I I 

5 
~ 

5~ 
.. '.0---,-__ 

4 t* 4~ 4"l 4 . r' 

I 
0 __ 

1 1f,!j'"3 

5 

400 

200 

o I L-______ L-____ ~ ______ ~ ______ -L ______ -L ______ ~ _____ _ 

3 m m ~ m 1~ 1m 1m 1~ 1m 2003 2203 

GSTABL7v.2 FSmln=1 .008 
Factor Of Safety Is Calculated By The Simplified Janbu Method 

GSTABUO 



KHF, SEC. D-D',WEST, STATIC, FAILURE PLANE I (REVISED) 
c:\Slopelaoss secIions111-091d-d west (1Q.16)1sed-w-1ja.pl2 Run By: Ashkaan, _and Associates, tnc 1111012009 

1200 Ir , t-" I I 

03:06PM 
T 

I I # FS I So~ So~ Tala! Saturated Cohesion Friction Piez . 
• 2.489 Desc. Type Unit l1l'i. Unit l1l'i. Intercept Angle Surface 
b 2.532 . No. (pel) (pcf) (psQ (<leg) No. 
e 2.590 I Refuse 1 115.0 115.0 0.0 31 .0 a 
d 2.681 P2 Liner 2 115.0 115.0 0.0 19.0 a 
e 2.778 Bedrock 3 130.0 130.0 800.0 40.0 a 

1000 H f 2790 l P1 Base 4 115.0 115.0 0.0 17.0 a 
9 2.818 P1 Stope 5 115.0 115.0 800.0 9.0 a 
h 2.820 P3 Liner 6 115.0 i 15.0 0.0 12,0 a 
I 2.838 ~ .---v 

800 - 3 

I 
600 I 

I 

400 r 

200 I 

o 
3 

1 • a b 
c . '1-r--1" l', 

--. ~1 3 6 1 
6 .. -

· 6 

5 

• 

203 403 

4 

603 

.... 1 .... 
1 .. -

1 

~2~ 

I 

803 
.I. 

1003 

GSTABL7 v,2 FSmin=2,489 

1 •• 1 

2 

1 .... .... 
1 

2 

1203 1403 

Safety Factors Are Calculated By The Simplified Janbu Method 
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1 A •• 
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1603 

3 • 

1803 

""\ 



r o ~ 

KHF, SEC. D-D',WEST, STATIC, FAILURE PLANE I (REVISED) 
c:\Slopelaoss sectionslll-D9Id-d west (1 0-16)\sed-w-l sa surface 'l.plt 

1200 [rIo =====rl"""·· 1 t-;:::"::i -' 
Run By: Ashkaan, Hushmand Associates , Inc 11/1012009 03:09PM 

Soil Soil Total Saturated Cohesion Friction ... ~!~~_ I 
Desc. Type Unit WI. Unit WI. Intertep1 Angle Surface 

No. (pet) (pet) (psn (deg) No. 
Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Uno, 2 115.0 115.0 0.0 19.0 0 

Bed,oct< 3 130.0 130.0 800.0 40.0 0 
Pl Base 4 115.0 115.0 0.0 17.0 0 
Pl Slope 5 115.0 115.0 800.0 9.0 0 
P3 Une, 6 115.0 115.0 0.0 12.0 0 

1000 I 

I 
·1-;- 1 

• 
800 3 · f ~1 · 

1 
. 1" / 1 

600 f-

400 ~ 

200 t 

o 
3 

6'-

I 

203 

~6-~ 

.1 

403 

__ ._L-

603 

T I T- ---, 

1" 1-
1 ..... 

1 
1 -1---· 

1 

4 
....--;-.. 2'?---. _ 

~-----' 

803 1003 

GSTABL7 v.2 FSmln=3.733 

•• 1 

2 

l 

1203 

..-:.---

I 

1403 

1 • 

1 

1--__ --' 

1603 1803 

Factor Of Safety Is Calculated By GLE (Spencer's) Method (0·2) 

GSTABL7:0 



1200 

1000 

800 

600 

400 

200 l 

o 
3 

KHF, SEC. D-D',WEST, PSEUDO-5TATIC, FAILURE PLANE I (REVISED) 
c:\Slope\cross sectionsl 11-09\d-d west (10- t6)\sed-w-1 spa sulfaco #1.pU Run By: Ashk.an. Hushmand Assodates. Inc 1111012009 03:11 PM 

- I i + R ;r -, 1 Soil Soil Total Saturated Cohesion Friction Piez. Load Value 
Desc. Type Unit WI. Unit WI. Intercept Angle Sulfaco Pe.k(A) 0.570(g) 

No. (pel) (pel) (p.~ (deg) No. kh Cool. 0.270(g)< 
Refuse 1 115.0 115.0 0.0 31 .0 0 --
P2 Uner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 
P3Liner 6 115.0 115.0 0.0 12.0 0 

.,~- ,. ,. -

• 3 -'3 "6\",~ 
6 

203 

• • 1 
7 1 

~6-~ 

'--4' 

___ L-

403 603 

1 .,--
1 •• , 

1 • • 1 

-----r-~-_ 

803 1003 

GSTABL7 v.2 FSmln=1.021 

2 

1 

1203 

Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-2) 
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1403 1603 
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,... 

1750 

1500 

1250 I-

1000 r-

• 
750 

500 

250 

o 
3.5 

# FS 
a 3.418 
b 3.526 
e 3.527 
d 3.527 
" 3.533 
f 3570 
9 3.596 
h 3.611 

3.651 
3.690 

3 

GSTABL~O 

o f"\ 

KHF, SECTION E·E' WEST, STATIC, FAILURE PLANE I (REVISED) 
c:lslopelaoss sectionsll 1 -091e-e wesl (oct 09)\sece-wsj i.pl2 Run By: Ashkaan, Hushmand Associales, Inc 11/1012009 06:02PM 

I I 
Soil Soil Tolal Saturated Cohesion Friction Piez. 

Desc. Type UnK WI. Unil WI. Inlercepl Angle Surface 
No. (pel) (pel) (psn (deg) No. 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Uner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
Pl Ba .. 4 115.0 115.0 0.0 17.0 0 
Pl Slope 5 115.0 115.0 800.0 9.0 0 
P3liner 6 115.0 115.0 0.0 12.0 0 

•• • 1 .-.-. 
1 1 1 1 .-. 

1 
1 ~ -e-

•• 1 
1 •• 

1 1 - e ......... 

~2i---. ~33.3.3 3 
4 2 

_.... 2 

I. 

253.5 503.5 753.5 1003.5 1253.5 1503.5 1753.5 2003.5 2253.5 2503.5 

GSTABL7 v.2 FSmln"3.418 
Safety Factors Are Calculated By The Simplified Janbu Method 



KHF, SECTION E-E' WEST, PSEUDO-5TATlC, FAILURE PLANE I (REVISED) 

1750 
c:\Slopelcloss sectionsl11-{)91e-e west (oct 09)Isece-wsj1 .urface '1.pH Run By: Ashkaan, Hushmand Associat •• , Inc 11/1012009 06:12PM 

1'----I I 
Soil Soil Total Saturated Cohesion Friction Piez. Load Value 

Oesc. Typ. Unit~. Unil~. Intercept Angle Surface Peak(A) 0.570(g) 
No. (pel) (pel) (ps~ (deg) No. kh Caef. 0.275(g)< 

Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 1 t5.0 0.0 19.0 0 

1500 - Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 
P3liner 6 115.0 115.0 0.0 12.0 0 
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GSTABL7 v.2 FSmln=1 .033 
Factor Of Safety Is Calculated By The Simplified Janbu Method 
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KHF, SECTION E-E', WEST, STATIC, FAILURE PLANE II (REVISED) 
c:lslope\cross sections\11~91e-<! west (oct 09)lsece-wsp2.pI2 Run By: Ashkaan. Hushmand Associates, lnc 1111012009 06:15PM 

1750 
# FS-, =! , '-r ~ ,- ,----, 

1500 

1250 I 

1000 I 
I 

a 3.899 
b 3.918 
c 3.942 
d 3.960 
e 3.960 
r 3918 
g 3.978 
h 3.995 
I 3.997 

Soi Soil Total Saturated Cohesion Friction Piez. 
DeSc. Type Unit WI. Un~ WI. Intercept Angle Surface 

No. (pel) (pel) (psn (dog) No. 
Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 11 5.0 800.0 9.0 0 
P3 Liner 6 115.0 115.0 0.0 12.0 0 
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KHF, SECTION E-E', WEST, PSEUDO-5TATIC, FAILURE PLANE II (REVISED) 
e:\Slopeleross sectionsl11~91e-e west (oct 09)\sece-wp2 surface '1.plt Run By: Ashkaan, Hushmand Associates, Ine 11/1012009 06:22PM 
-----l' 11 I J 

Dese. Type Unit 1M. Unit 1M. Intercept Angle Surface Peak(A) 0.570(g) 
Soil Soil Total Saturated Cohesion Friction Piez, I load Value 

No. (pet) (pet) (ps~ (deg) No. kh Cool. 0.320(9)< 
Refuse 1 115.0 115.0 0.0 31 .0 0 ---
P2 Liner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 
P3Liner 6 115.0 115.0 0.0 12.0 0 
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Factor Of Safety Is Calculated By The Simplified Janbu Method 
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KHF, SECTION F-F', WEST, STATIC, FAILURE PLANE II (REVISED) 

1400 
c:\Slopelcross sectionsl 11 ~9If-f west (10-19)\sef-w-l .pI2 Run By: Ashkaan, Hushmand Associates, Inc 11/1012009 03:31 PM 

I I I I I I 

# FS Soil Soil Total Saturated Cohesion Friction Piez. 
a 3.199 Desc. Type Unit INt. Unit INt. Intercept Angle Surface 
b 3.199 No. (pel) (pet) (pen (deg) No. 
c 3.199 Refuse 1 115.0 115.0 0.0 31 .0 0 
d 3.199 P2 Liner 2 115.0 115.0 0.0 19.0 0 

1200 • 3199 Bedrocl< 3 130.0 130.0 800.0 40.0 0 
r 3.288 PI Bas. 4 115.0 115.0 0.0 17.0 0 
9 3.440 PI Slope 5 115.0 115.0 800.0 9.0 0 
n 3 440 P3 Liner 6 115.0 115.0 0.0 12.0 0 
i 3.440 

3440 

1000 - -
~ 

II I .. ' I 
• e -. 

I I 1 I I ." , 1 1 ,-. 
-----. \ ' • 1 · 11 1 • 0- -... 3 3 " 3~ , 

I ... 
6 0 _ 1 

6 1 • • 1 

800 

5 ~ 2 " 2----. ~. 31333 

r-- 4 2 
. 2 _ 600 

400 - -

200 c-
, 

o I I I I I I I I I 1 

200 400 600 800 1000 1200 1400 1600 1800 2000 2.2 00 

GSTABL7 v.2 FSmln=3.199 
Safety Factors Are Calculated By The Simplified Janbu Method 
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1400 
=T I . . I Snil Soil Total Saturated Cohesion Friction Piez. 

Desc. Type Un~ WI. Unit WI. Intercept Angle Surface 
No. (pel) (pel) (psl) (cIeg) No. 

Refuse t 115.0 115.0 0.0 31 .0 0 

-r 

P2 Liner 2 115.0 115.0 0.0 t9.0 0 
1200 , Bedrock 3 130.0 130.0 800.0 40.0 0 

,[ Pt Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 

I P3 Liner 6 115.0 115.0 0.0 12.0 0 
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KHF, SECTION F-F', WEST,PSEUDO-STATIC, FAILURE PLANE II (REVISED) 

1400 
c:lsIopelaoss sectionsl11-09\1-fwest (10-19)\se1-w-1sp.pIt Run By: Ashksan, Hushmand Associates, Inc t111012009 03:37PM 

r-----~I------,------, I 
$<lil Soil Total Saturated Cones;on Friction Piez. Load Value 

Oesc. Type Un~ WI. Unit WI. Intercept Angle SUrface Peak(A) 0.570(g) 
No. (pel) (pel) (psI) (dog) No. kh Cool. 0.29O(g)< 

Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

1200 Bedrock 3 130.0 130.0 800.0 40.0 0 
P1 Base 4 115.0 115.0 0.0 17.0 0 
P1 Slope 5 115.0 115.0 800.0 9.0 0 
P3l1ner 6 115.0 115.0 0.0 12.0 0 
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GSTABL7 v.2 FSmin=1.010 
Factor Of Safety Is Calculated By GLE (Spencer"s) Method (0.2) 
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1400 
# FS 
• 3.313 
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d 3.313 
e 3.460 
, 3 460 1200 
9 3.460 
~ 3.460 
i 3.496 
I 3.496 

1000 -

800 
.. 

3 

600 r 

400 -

200 r 

o 

GSTABL70 

KHF, SECTION F-F', WEST, STATIC, FAILURE PLANE III (REVISED) 
e:\Slopeleross sectionsl 11.Q91f-f west (1 0-19)\secf-wsj iiLpl2 Run By: As~kaan. Hus~mand Associates. Inc 1111 012009 03:40PM 

1 1 1 

Soil Soil Total Saturated Cohesion Friction Piez. 
Desc. Type Unit wt. Un~ wt. Intercept Angle SUlface 

No. (pet) (pet) (ps~ (deg) No. 
Refuse 1 115.0 115.0 0.0 31 .0 0 
P2 Uner 2 115.0 115.0 0.0 19.0 0 

Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Ba .. 4 115.0 115.0 0.0 17.0 0 
PI Slope 5 115.0 115.0 800.0 9.0 0 
P3 Liner 6 115.0 115.0 0.0 12.0 0 
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GSTABL7 v.2 FSmin=3.313 
Safety Factors Are Calculated By The Simplified Janbu Method 
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KHF, SECTION F-F', WEST,PSEUDO-STATIC, FAILURE PLANE III (REVISED) 

1400 
c:\Slopelcross sectionslll-{)91f·f west (10-19)lsecf·wss3 surface #1.p~ Run By: Ashkaan. Hushmand Associates. Inc 1 t/l0/2009 03:51PM 

1200 

Soil Soil Tolal Saturated Cohesion Fric1ion Piez. Load Value '-l Oesc. Type Unn WI. Unit WI. Intercepl Angle Surface peak(AI 0.570(g) 
No. (pel) (pel) (psI) (deg) No. kh Coo . 0.280(g)< 

Refuse 1 115.0 115.0 0.0 31.0 0 
P2 Liner 2 115.0 115.0 0.0 19.0 0 

. Bedrock 3 130.0 130.0 800.0 40.0 0 
PI Base 4 115.0 115.0 0.0 17.0 0 
Pl Slope 5 115.0 115.0 800.0 9.0 0 
P3 Liner 6 115.0 115.0 0.0 12.0 0 
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GSTABL7 v.2 FSmin-1.018 
factor Of Safety Is Calculated By The Simplified Janbu Method 
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