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1. INTRODUCTION 

This report presents the slope stability evaluation for Module 11 at the Riverbend 
Landfill (Landfill) in McMinnville, Oregon (Drawing 1). The Landfill is owned and 
operated by Riverbend Landfill Company (RLC), a subsidiary of Waste Management, 
Inc. (WM). The site is located at 13469 Southwest Highway 18, McMinnville, Oregon 
97128. 

The evaluation presented herein will meet the criteria established by Oregon 
Department of Environmental Quality Administrative Rules (OAR), Section 340; and 
Title 40, Part 258 of the Code of Federal Regulations (i.e., Subtitle D). 

This report consists of the following sections: 

• Section 1 – Introduction  

• Section 2 – Background 

• Section 3 – Liquefaction Evaluation 

• Section 4 – Ground Improvement 

• Section 5 – Slope Stability Evaluation 

• Section 6 – Conclusions 

• Section 7 – Limitations 

This report was prepared by David Umberg, Brian Martinez, Ph.D., and Fabrizio 
Settepani and was reviewed by Hari Sharma, Ph.D., P.E., in accordance with the 
internal review policies of Geosyntec. 
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2. BACKGROUND 

2.1 General 

The existing Landfill consists of nine Modules called Modules 1 through 9. The 
expansion of the landfill will constitute a new Module 111. Drawing 2 shows the 
approximate module limits as well as the expansion area. As can be observed in 
Drawing 2, portions of Modules 1, 2, 3, 4, 6, and 7 have been closed. 

2.2 Subsurface Conditions 

At and in the vicinity of the Landfill, the following geologic units, from oldest to 
youngest (from bottom to the ground surface), are encountered2: 

• Nestucca Formation (upper Eocene-age), which is composed predominantly of 
basaltic lava flows with localized occurrences of marine sediments. 

• Pliocene-age sands and gravels, which overlie the Nestucca Formation and 
underlie more recent alluvial sediments, which consist mostly of sandy gravels 
and gravelly sands, with localized interbeds of clayey and silty gravels and clay 
and silt lenses. The sand-and-gravel material is generally well-graded, angular to 
subrounded, and in places, cemented. 

• Alluvial Willamette Silt (early to middle Quaternary-age) associated with the 
Willamette River and its tributaries. The Willamette Silt composes the upper and 
lower river terraces near the Landfill and consists of bedded silts, clays, clayey 
silts and silty clays. 

• Late alluvium (Quaternary-age) associated with the recent floodplain of the 
South Yamhill River. These materials are similar to the Willamette Silt 
described above. 

                                                 

1 Module 10 was proposed as a possible expansion to the north of Module 8 which was not pursued by 
RLC. 
2 Hydrogeologic Site Characterization Report in Support of Permit Modification Application for Module 
11Expansion, Riverbend Landfill; prepared for Riverbend Landfill Company; prepared by SCS 
Engineers; 13 August 2015. 
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As presented in the 13 August 2015 SCS report: (i) the general groundwater direction in 
Module 11 is to the south, southeast and (ii) the depth to groundwater may reach within 
5 of the ground surface. 

The geotechnical information for Module 11 have been presented in Geosyntec3,4. 
Drawing 2 also shows the geotechnical borings and cone penetration tests location plan 
for the Module 11 area. The field investigations indicated that generally, 20 to 40 feet of 
cohesive silts and clays were encountered below the ground surface to various depths 
underlain by 20 to 40 feet of sands and gravels over bedrock encountered at various 
depths. 

2.3 Seismicity 

Title 40 of the Code of Federal Regulations (CFR), Part 258 or Subtitle D5 (40CFR258), 
requires that Municipal Solid Waste (MSW) landfills located in a seismic impact zone 
be designed to resist the maximum horizontal acceleration in lithified earth material 
(i.e., bedrock) for the site. 

A “Seismic Impact Zone” is defined as an area with ten percent, or greater, probability 
that the maximum horizontal acceleration in lithified earth material expressed as a 
percentage of the earth’s gravitational pull will exceed 0.10g (10 percent of gravity) in 
250 years. The maximum horizontal acceleration is depicted on a seismic hazard map 
with a 90 percent or greater probability that the acceleration of 0.10g will not be 
exceeded in 250 years, or can also be the maximum expected horizontal acceleration 
based on site-specific seismic hazard assessment. Oregon regulations also require that 
these criteria be met6. For the site-specific seismic hazard to meet this Subtitle D 
requirement, a Probabilistic Seismic Hazard Analysis (PHSA) is performed. 

                                                 

3 Module 11: Summary of Field Investigation and Laboratory Testing Programs; Riverbend Landfill; 
prepared by Geosyntec Consultants, Inc., WG1866; 17 March 2015, Revised 22 April 2015. 
4 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; prepared 
by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
5 Code of Federal Regulations (CFR), Title 40, Protection of Environment, Office of the Federal Register 
National Archives and Records Administration, U.S. Printing Office, Washington, D.C., 1992, (40 CFR 
258).  
6 Oregon Department of Environmental Quality, Solid Waste Guidance Document, Solid waste Program, 
Salem, Oregon, 2013. 
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Furthermore, in addition to the Subtitle D requirements, Riverbend Landfill will also 
perform a Deterministic Seismic Hazard Analysis (DSHA) that accounts for the 
Magnitude 9.0 Cascadia Subduction Zone earthquake outlined in the Oregon Resilience 
Plan7. 

As presented in Geosyntec8, for Module 11, the seismic hazard evaluation at the landfill 
includes the Magnitude 9.0 earthquake, and the estimated 84th percentile ground motion 
(i.e., median plus 1 standard deviation) of 0.44g. 

To model the above ground motion, Geosyntec used five time histories developed by 
Dr. Norman A. Abrahamson for a Magnitude 9.0 earthquake; for reference, the 
background information is also presented in the 30 June 2015 Geosyntec report. 

2.4 Liquid Levels 

Module 11 will have a composite liner system with a functioning leachate collection 
and removal system (LCRS). It has been assumed that site operations will maintain 
leachate levels at or below 1 foot above the liner system.  

 

                                                 

7 The Oregon Resilience Plan: Reducing Risk and Improving Recovery for the Next Cascadia Earthquake 
and Tsunami; Report to the 77th Legislative Assembly from Oregon Seismic Safety Policy Advisory 
Commission (OSSPAC); State of Oregon, Salem, Oregon, February 2013.  
8 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; prepared 
by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
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3. LIQUEFACTION EVALUATION 

3.1 General 

Liquefaction is a phenomenon where cohesionless soils (gravel, sand, and cohesionless 
silt) below the water table lose strength as a result of shaking under an earthquake. 
According to Marcuson9 and Youd, et al.10 “liquefaction is defined as the 
transformation of a granular material from a solid to a liquefied state as a consequence 
of increased pore water pressure and reduced effective stress.” According to Idriss and 
Boulanger11, the term liquefaction is used in reference to strength loss and deformation 
in saturated sands and other cohesionless soils. Based on reviews of field case histories 
of liquefied cohesionless soils, the liquefaction resistance of such soils is dependent on 
their in-situ strengths and the percent fines content. Idriss and Boulanger also present 
the procedure to evaluate liquefaction potential. Recent case histories of soils that 
liquefied under earthquakes show that some low plasticity soils may also experience 
liquefaction. 

3.2 Liquefaction Evaluation of Cohesionless Soils 

3.2.1 Seismicity 

As presented in Geosyntec’s 30 June 2015 report12, the design earthquake for the site is 
a magnitude 9.0 earthquake on the Cascadia Subduction Zone with a bedrock 
acceleration of 0.44g. Using this seismic scenario and the site’s subsurface conditions, a 
site-specific response analysis was performed for level ground. The results are 
presented in Geosyntec’s 30 June 2015 report. 

                                                 

9 Marcuson, III, W.F. (1978), “Definition of terms related to liquefaction,” ASCE Journal Geotechnical 
Engineering Division, Vol. 104, No. 9, pp. 1197-1200; September. 
10 Youd, T.L.; Idriss, I.M.; Andrus, R.D.; Arango, I.; Castro, G.; Christian, J.T.; Dobry, R.; Liam Finn, 
W.D.; Harder, Jr., L.F.; Hynes, M.E.; Ishihara, K.; Koester, J.P.; Liao, S.S.C.; Marcuson, III, W.F.; 
Martin, G.R.; Mitchell, J.K.; Moriwaki, Y.; Power, M.S.; Robertson, P.K.; Seed, R.B.; and Stokoe, II, 
K.H. (2001), “Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 
NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils,” ASCE Journal of 
Geotechnical and Geoenvironmental Engineering, Vol. 127, No. 10, pp. 817-833; October. 
11 Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, EERI Monograph 
MNO-12. 
12 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 
prepared by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
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For this analysis, a site-specific (i.e., measured) shear wave velocity (Vs) profile was 
used. However, ODEQ and their consultant, Hart Crowser, requested the use of a more 
conservative bedrock Vs = 2,500 feet per second (fps) than the measured Vs = 1,820 fps. 
Therefore, the site response analyses for level ground, which will be used for the 
liquefaction evaluation, were performed for the more conservative value and the results 
were presented in Geosyntec’s 11 August 2015 report13. 

3.2.2 Liquefaction Potential 

Based on case histories of liquefaction, Idriss and Boulanger developed a figure14 where 
a curve separates the case histories where liquefaction was observed (L) from those 
where liquefaction was not observed (NL). This figure presents the relationship between 
cyclic stress ratio (CSR) and corrected blowcounts for clean sand (N1)60cs. 

For reference, the earthquake-induced cyclic stress ratio (CSR) and the in-situ 
penetration resistance best represent the critical zone for liquefaction or non-
liquefaction zones for each site. This can be done by calculating the earthquake-induced 
CSR for the reference value of earthquake magnitude (M) = 7.5 and effective stress σ’v 
= 1 atm. Using correction factors for depth, earthquake magnitude, and normal stresses, 
the CSR is defined as follows: 

 

. , = 0.65 ′ 1 1
 

Where: 

amax = maximum horizontal ground surface acceleration. 
g = acceleration due to gravity. 
σvc = vertical consolidation stress. 
σ'vc = vertical effective consolidation stress. 
rd = shear stress reduction factor. 

                                                 

13 Geosyntec Consultants, Inc., Response to comments from Hart Crowser dated July 27, 2015 on behalf 
of Oregon Department of Environmental Quality (ODEQ) regarding Riverbend Landfill Document 
Review, 11 August 2015. 
14 See Figure 66 in Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, EERI 
Monograph MNO-12. 
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MSF = magnitude scaling factor. 
Kσ = overburden correction factor. 

For reference, as described above, the earthquake magnitude assumed is M=9.0; the 
ground acceleration (amax) of 0.39g is based on the dynamic response analyses presented 
by Geosyntec15 for level ground. To perform the evaluation for M=9.0, a magnitude 
adjustment factor (MSF) was computed and used to convert the cyclic stress ratio 
developed for M=9.0 to an equivalent cyclic stress ratio for an M=7.5 earthquake. 

Figure 2 in Appendix A shows that at some locations, the cohesionless soils in Module 
11 are potentially liquefiable. 

3.3 Liquefaction Evaluation of Cohesive Soils 

3.3.1 Background 

Recent case histories of soils that liquefied during the 1994 Northridge earthquake, the 
1999 Kocaeli earthquake and the 1999 Chi-Chi earthquakes indicate that fine-grained 
cohesive soils may also liquefy; to assess their liquefaction potential, plasticity index 
(PI) is used as an indicator. The widely recognized criterion for liquefaction 
susceptibility of fine-grained cohesive soils is presented by Idriss and Boulanger16. 
According to this criterion, the soils are not susceptible to liquefaction if they behave 
like clay, i.e., if they have PI > 7.17 However, based on studies by Bray and Sancio18, 
fine-grained soils with PI > 18 are not susceptible to liquefaction while soils with PI < 
12 were susceptible to liquefaction and 12 < PI < 18 were more resistant to liquefaction. 

                                                 

15 Geosyntec Consultants, Inc., Response to comments from Hart Crowser dated July 27, 2015 on behalf 
of Oregon Department of Environmental Quality (ODEQ) regarding Riverbend Landfill Document 
Review, WG1866; 11 August 2015. 
16 Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, EERI Monograph 
MNO-12. 
17 Soils exhibiting clay-like behavior are not susceptible to liquefaction. In engineering practice, fine-
grained soils can reasonably be expected to exhibit clay-like behavior if they have a plasticity index (PI) 
greater than or equal to 7 - see Idriss and Boulanger (2008). 
18 Bray, J.D, and Sancio, R.B. (2006), “Assessment of Liquefaction Susceptibility of Fine-Grained Soil,” 
ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 132, No. 9, pp. 1165-1177; 
September. 
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Based on the above, Geosyntec19 evaluated the soils at Module 11 and determined that 
the soils may have potential for strength degradation (reduction) due to cyclic loading. 

3.3.2 Strength Reduction: Cyclic Strength Degradation 

The cyclic test data for Willamette silts obtained at several sites in the Willamette 
Valley region was provided in the Geosyntec 30 June 2015 report20. Geosyntec 
compared the engineering properties (i.e., Unified Soil Classification System [USCS] 
material type, fines content, plasticity index, and moisture content for the study and 
found the soils are similar to the Willamette silts at the Landfill site. Based on Bray and 
Sancio21, materials that have plasticity index less than 18 (i.e., similar to the Willamette 
Silts samples presented in Appendix 6-A of the Geosyntec 30 June 2015 report) may be 
subject to cyclic degradation. Test results presented in the Geosyntec 30 June 2015 
report 22 show that for Willamette Silts with PI and moisture contents similar to those 

measured at the site, the cyclic degradation of shearing resistance is generally ≤ 10%. 

3.4 Consequences of Liquefaction 

Liquefaction may result in surface manifestations such as sand boils, seismic settlement, 
and lateral spreading. Lateral spreading (or lateral deformation23) is evaluated as part of 
seismic slope stability (see Section 5); potential for sand boils and seismic settlements is 
evaluated below. 

                                                 

19 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 
prepared by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
20 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 
prepared by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
21 Bray, J.D, and Sancio, R.B. (2006), “Assessment of Liquefaction Susceptibility of Fine-Grained Soil,” 
ASCE Journal of Geotechnical and Geoenvironmental Engineering, Vol. 132, No. 9, pp. 1165-1177; 
September. 
22 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 
prepared by Geosyntec Consultants, Inc., WG1866; 30 June 2015. 
23 The terms seismic deformation (or displacement), lateral spreading, and lateral deformation are used 
interchangeably. 
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3.4.1 Post-liquefaction Settlement Evaluation 

To address post-liquefaction settlements, the post-liquefaction volumetric strain has 
been correlated with the SPT blowcount measured during site investigations in the 
layers that are liquefiable24 (see Figure 3 in Appendix A). 

As for the liquefaction potential evaluation presented above, the blow counts were 
corrected to account for overburden pressure, hammer energy ratio, and fines content. 
Based on the corrected blowcount, the volumetric strains and the thicknesses of material 
were estimated. The estimated post-liquefaction settlements range between less than 1 
inch and approximately 2.5 inches (see Appendix A).  

3.4.2 Sand Boils 

Ishihara25, 26 used post-liquefaction observations to develop a relationship between the 
thickness of the liquefiable and nonliquefiable layers and the manifestation of ground 
surface damage. In the Module 11 area, the nonliquefiable soils overlying the 
liquefiable soils have a thickness of approximately 25 feet (8 meters) and the potentially 
liquefiable deposits thicknesses vary between 2.5 feet (0.75 m) and approximately 10 
feet (3 meters)27. Based on the above information, sand boils are not predicted in the 
Module 11 fill area (see Appendix A). 

3.4.3 Lateral Deformations 

As a consequence of liquefaction, the landfill slopes may experience seismic lateral 
deformations; lateral deformations are addressed in the slope stability evaluations 
presented in Section 5. The areas where the evaluations show that lateral deformations 

                                                 

24 Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, EERI Monograph 
MNO-12. 
25 Ishihara, K., “Stability of Natural Deposits during Earthquakes” in Proceedings, 11th International 
Conference on Soil Mechanics and Foundation Engineering, San Francisco, California, pp. 321-376, 
1985. 
26 See Figure 107 in Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, 
EERI Monograph MNO-12. 
27 Furthermore, once the landfill has been constructed, the thickness of the overlying materials above the 
liquefiable layer will be even higher than the 25 feet used in the evaluation; therefore, the present 
evaluation is conservative. 
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exceed the generally-accepted value of 12 inches will need ground improvement; 
ground improvement is presented in Section 4. 
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4. GROUND IMPROVEMENT 

4.1 Ground Improvement Alternatives 

Mitigation of liquefaction hazards requires modifying or improving the subsurface soils 
so that the potentially liquefiable soils are improved such that liquefaction does not 
occur. If the extent of improvement is limited and the soils do liquefy the improvement 
is done in such a way that liquefaction dos not damage the structures built on top of the 
liquefiable soils. The following is a list of the most common ground improvement 
methods for liquefaction mitigation28: 

1. Vibro Methods 

2. Deep Dynamic Compaction 

3. Compaction Grouting 

4. Jet Grouting 

5. Drainage 

6. Permeation Grouting 

7. Explosive Compaction 

8. Deep Soil Mixing 

9. Removal and Replacement, and  

10. Combination of Ground Improvement Methods 

Vibro Methods. These methods are based on repeatedly inserting a vibrating probe into 
the ground resulting in densification of the potentially liquefiable subsurface soils. 
Based on the equipment used and the procedures applied to achieve such densification 
these methods can be categorized as: Vibro-rod, Vibroflotation, and Vibro-replacement 
methods. In the Vibro-rod system vertical vibration is at the top of a vertical rod and the 
soil is densified by the force of such vibration. On the other hand, in Vibroflotation, the 
vibration is introduced by a vibrating motor located in the tip of the probe. Since the 
vibrations caused by these probes densify the soil, a cavity in the soil is created; in 
                                                 

28 Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during Earthquakes, EERI Monograph 
MNO-12. 
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Vibro-replacement, this cavity is filled by imported soils, such as sands, gravels, and 
stone. The method, therefore, sometimes is also called “stone columns” when the 
replacement material is stones and gravel which is common in the U.S. 

Vibro-replacement methods, such as “stone columns” improve the soils and provide 
resistance to liquefaction by a combination of mechanisms. The main mechanisms are: 
densification, which increases lateral stress due to insertion of additional material which 
also provides reinforcement, and drainage for the excess pore pressures induced by 
earthquake stresses. Thus, the subsurface soils become more resistant to seismic forces. 
The general experience with “stone columns”, though feasible in a wide range of soil 
conditions, is that the method is often ineffective to densify soils with fine contents 
greater than 20 percent. Also, this method, during construction, can cause settlement of 
adjoining structures, and can cause undue disturbance and/or damage to the adjacent 
structures, such as the adjoining landfill cells. After construction, the higher 
permeability stone columns can also act as potential vertical conduits for contaminants 
in cases such as overlying landfill. 

Deep Dynamic Compaction. This method consists of using a machine such as a crane 
and repeatedly dropping a large tamper mass from a significant height onto the ground. 
This imparted energy results in: (i) the propagation of dynamic stress waves into the 
ground, (ii) liquefying the subsurface soils, (iii) causing the excess pore pressures which 
dissipate with time, (iv) resulting in ground settlement, and (v) consequent densification 
of the soils.  

The limitations of this method are that: (i) it is often effective only in the upper 30 feet 
of the subsurface approximately, (ii) its effectiveness starts decreasing as the percentage 
of fines in the soils become greater than about 20 percent, (iii) its effectiveness is 
adversely impacted with the presence of softer soils at shallower depths which tend to 
dampen energy transmission to deeper depths, and (iv) the vibrations imparted from the 
tamper impact can cause damage to the adjacent structures, such as the existing landfill 
cells. 

Compaction Grouting. This method consists of injecting thick grout into the ground 
and works by displacing the surrounding soil rather than by penetrating into its voids. 
This displacement technique densifies the surrounding soil, increases the lateral in-situ 
stress and also provides reinforcement to the overall soil mass. The limitation of this 
method is that it needs at least about 20 feet of overburden pressure for the grouting 
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process to be effectively conducted to avoid upward heave. Therefore, its effectiveness 
at depths less than about 20 feet becomes questionable. Also, since the grout is under 
high pressure it produces relatively smaller high strength but brittle columns/bulbs 
system which may need reinforcement to resist shear forces. Thus it may become an 
expensive method if larger areas, such as landfill cell V at Hillsboro landfill, are to be 
remediated. 

Jet Grouting. This method involves partial replacement of in-situ soils with 
cementitious grouts and mixing of the remaining soils with the grout. The mixing 
operation is performed by high pressure jets consisting of air water and /or grout. This 
method has some of the same concerns as compaction grout method. 

Drainage. This method consists of installing individual vertical drain elements and/or 
curtain (line) pattern of drains that would help dissipate earthquake induced excess pore 
pressures generated in subsurface soils. The effectiveness of this system is highly 
dependent on the permeability of the drains, their spacing and subsurface soil’s fine 
content. Also, the vertical drains can be sources of contaminant migration if installed 
below landfills. 

Permeation Grouting. Unlike compaction grouting where the grout displaces the in-
situ soils, this method involves injecting grout into the soil pore structure. Once 
hardened this grout provides strength to the soil fabric. The construction process of this 
method is quite complex, is expensive, and may have environmental limitations 
depending on the grout material used. Also, since it depends on grout permeation into 
the soil matrix its effectiveness rapidly decreases with increasing soil fine contents. 

Explosive Compaction. This method consists of detonating explosive charges placed at 
various depths in boreholes across the site which then propagate dynamic energy to the 
subsurface soils. This would result in soil liquefaction generating excess pore pressures. 
These excess pore pressures when dissipated would result in settlement consequently 
densifying the in-situ soils. This method is not effective for shallower depths and a soil 
with fine contents more that 15 to 20 percent. Also, performing blasting for soil 
densification purposes has limited use in the vicinity of an existing structure like a 
landfill cell.  

Deep Soil Mixing. This method involves mixing the in-situ soils with cementitious 
materials. The process consists of advancing mixing augers to the target depth, injecting 
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cementitious material through the auger stem. The auger stem continues to rotate as the 
injected material is mixed with the in-situ soils. The soil-cement mixed column is 
designed to achieve the desired strength. Any excess spoil material is collected at the 
ground surface and is disposed of as desired. The in-situ soil-cement mix shear wall 
improves the potentially liquefiable soil by providing additional strengths to the 
subsurface soil enabling it to resists seismic stresses. The deep soil mixing method is 
generally applicable to a wide range of soil conditions including soils with high fine 
contents.  

Excavate and Replacement. This is a direct method of improvement in which the 
potentially liquefiable in-situ soils are excavated and replaced with compacted non-
liquefiable soils. This method has cost limitations when the liquefiable soils extend to 
large depths and excavation and replacement becomes expensive where ground water 
level control becomes difficult. 

Combination of Ground Improvement Methods. Since each method has its 
advantages and disadvantages, using two or more ground improvement methods for a 
given project may be advantageous. This may have especial attraction if subsurface 
conditions and improvement needs are different across the site. However, since 
mobilization costs for construction equipment may be high for each improvement 
technique, the method may be of limited use for smaller sites especially with relatively 
uniform subsurface soil and groundwater conditions. 

4.2 Recommended Ground Improvement Method 

Based on the above, the recommended ground improvement method is the Deep Soil 
Mixing (DSM) method. The extent of the DSM will be based on post-liquefaction slope 
stability analyses presented in Section 5. 

For liquefaction mitigation, the admixed soil would meet a design compressive strength 
or related shear strength29. The main advantage of soil mixing is that consistent 
improvement can be achieved by mixing cement and/or additives with the native soils 
to create a homogeneous mix. Keys of the homogeneous mix can be constructed at 
discrete locations to the required depth of improvement. Further details of DSM will be 
presented at the construction level design. 

                                                 

29 The undrained strength is 50% of the unconfined compressive strength measured at 28 days. 
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From the slope stability point of view, areas that showed post-liquefaction lateral 
deformations larger than the acceptable 12 inches will need to be improved. As 
discussed above, the DSM ground improvement method will be the most appropriate 
for the site conditions and will be used for the analyses presented in Section 5 that 
follows. 
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5. SLOPE STABILITY EVALUATION 

5.1 General 

This section presents the slope stability evaluation of Module 11 and the portions of the 
existing landfill that are adjacent (i.e., abuting) to Module 11 for potential slip surfaces 
through: (i) the berms and foundation soils, and (ii) MSW landfill liner and overliner. 

Static and seismic slope stability was analyzed using the Spencer method of slices30 
employed in the Slope/W software31. According to Duncan32, the Spencer method 
satisfies both moment and force equilibrium conditions. The program generates 
potential slip surfaces using a grid of circle centers and a series of tangent lines. The 
program was used to search for critical shear surfaces through the berm, the waste, the 
subgrade, and the liner or overliner system. 

5.2 Background 

Module 11 abuts the existing landfill. On the East, it abuts Module 9. On the south, it 
abuts Modules 1, 2, 3, and 4. Drawing 3 shows the base grades for Module 1133.  Some 
portions of Modules 1, 2, 3, 4, 6, and 7 have been closed with a final cover. By 
developing Module 11 to the South of Modules 1, 2, and 3, areas of the final cover of 
the existing closed Modules 1, 2, and 3, will act as an overliner for new waste fill34. 
Therefore, the areas of Modules 1, 2, and 3 that have not been closed will need to be 
closed and the areas where the existing final cover system does not have a high density 
polyethylene (HDPE) geomembrane will need to be reconstructed. Drawing 4 shows the 
proposed final grades for Module 11. 

                                                 

30 Spencer, E., “A Method of Analysis of the Stability of Embankments Assuming Parallel Interslice 
Forces,” Geotechnique, Vol. 17, No. 1, March, pp.11-26; 1967. 
31 GEO-SLOPE International Limited [GEO-SLOPE], GeoStudio for slope stability analysis, Version 8.0. 
Calgary, Alberta, Canada, 2012. 
32 Duncan, J.M., “State-of-the-Art: Static Stability and Deformation Analysis,” Proceedings of Stability 
and Performance of Slopes and Embankments II, A 25 Year Perspective, ASCE Geotechnical Special 
Publication No. 31, R.B. Seed and R.W. Boulanger, editors, ASCE, New York; 1992. 
33 The grades in the adjacent composite-lined modules are based on as-built information received from 
WM. 
34 The grades in the areas that have been or will be closed and that will received new waste fill (i.e., 
where the final cover system will act as an overliner or a new overliner will be constructed) are based on 
the 2013 topographic map. 
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5.3 Design Criteria 

The generally acceptable static factor of safety for slope stability is equal to or greater 
than 1.535. The generally acceptable seismic deformation is less than or equal to 12 
inches based on U.S. EPA36. 

5.4 Liner System Configuration and Existing Final Covers 

A new composite (Subtitle D) liner system will be constructed for Module 11. The new 
liner system (from top to bottom) will consist of the following: 

• 12-inch thick operations layer (18-inch on side slopes); 

• 8 ounce geotextile separator fabric on the floor and 16 ounce geotextile 
separator fabric on the side slope; 

• 12-inch thick gravel primary leachate collection layer (LCRS Drainage Layer) 
on the floor; 

• 8 ounce or 16 ounce geotextile cushion fabric37; 

• 60-mil thick high-density polyethylene (HDPE) double-sided textured primary 
geomembrane; 

• Geosynthetic Clay Liner (GCL); 

• Geocomposite (leak detection system); 

• 60-mil thick HDPE double-sided textured secondary geomembrane; and 

• Compacted subgrade soil. 

The primary and the secondary geomembranes will be seamed together continuously 
along the edges. As was done for Module 9 (i.e., the Phase 1 MSE berm project), the 
liner system will be connected to the existing final cover system over Modules 1, 2, and 

                                                 

35 Duncan, J.M. 1992. “State-of-the-Art: Static Stability and Deformation Analysis,” Proceedings of 
Stability and Performance of Slopes and Embankments II, A 25 Year Perspective, ASCE Geotechnical 
Special Publication No. 31, R.B. Seed and R.W. Boulanger, editors, ASCE, New York. 
36 U.S.EPA, RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill 
Facilities; EPA/600/R-95/051, April 1995. 
37 The 8 ounce geotextile is for the base liner and 16 ounce geotextile is for the side slope. 
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3. To connect the existing final cover to the new liner system, a portion of the 
vegetative layer, the geotextile, and the drainage material will be temporarily removed 
to expose the existing geomembrane. The existing final cover geomembrane will be 
welded to the secondary and primary geomembranes of the new composite liner system. 
After the existing final cover and the new liner systems have been connected, the 
geotextile, the drainage material, and the vegetative cover (which would become the 
operations layer) will be re-deployed. 

In areas that have not been closed or that need the geomembrane to be replaced with 
HDPE geomembrane, the proposed overliner configuration is (from top to bottom): 

• 12 inches of operations layer. 

• filter geotextile. 

• 60-mil-thick HDPE geomembrane textured on both sides38. 

• foundation soil. 

5.5 Material Properties 

The material properties used in the stability analysis are described below. 

5.5.1 Municipal Solid Waste (MSW)  

Bilinear strength envelope based on Kavazanjian et al.39: 

φ1 = 0° and cohesion (c) of 500 psf for normal stress σn ≤ 770 psf, and 

φ2 = 33° for σn ≥ 770 psf 

                                                 

38 The choice of a drainage layer using gravel or Agru Supergripnet will be decided at the construction-
level design. 
39 Kavazanjian, Jr., E., Kavazanjian, E., N. Matasovic, R. Bonaparte, and G.R. Schmertmann; 
“Evaluation of MSW Properties for Seismic Analysis,” Proceedings of Geoenvironment 2000: 
Characterization, Containment, Remediation, and Performance in Environmental Geotechnics, New 
Orleans, Louisiana, February 24-26, 1995, Edited by Yalcin B. Acar and David E. Daniel, Geotechnical 
Special Publication No. 46; 1995. 
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Based on information available to Geosyntec, for designing Module 11, the unit weight 
was assumed to be 81 pounds per cubic foot (pcf)40. 

5.5.2 Liner System for Module 9 and new Module 11 – Floor and Side slope 

The liner system strength properties are based on the results of site-specific testing 
performed as part of construction quality assurance (CQA) for Module 941,42. Because 
the liner configuration for Module 11 is the same as the liner configuration for Module 
9, the same material properties were assumed for both. The assumed material properties 
will need to be confirmed as part of CQA for Module 11. 

Module 9 and Module 11 Strength Function – Floor and Side Slope 

Normal Stress 
(psf) 

Shear Stress 
(psf) 

0 0 

1,000 271 

4,000 1,004 

8,000 1,619 

10,000 1,903 

15,000 1,903 

 

5.5.3 Liner System for Module 8B, 8C, and 8D 

The liner system strength properties for Modules 8B, 8C, and 8D used in the analyses is 
tabulated below. 

 

                                                 

40 Assuming an AUF = 1.1 tons/cy. 
41 Report of Construction Quality Assurance, Mechanically Stabilized Earthen (MSE) Berm – Phase 1A, 
Parts 1 and 2; prepared by Geosyntec Consultants, Inc.; prepared for Riverbend Landfill Company; 
WG1863; 4 August and 4 September 2014. 
42 An additional interface friction test between textured geomembrane and nonwoven geotextile was 
performed in 2015 as part of Phase 1B MSE Berm construction because additional nonwoven geotextile 
was required for the project. 
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Module 8B, 8C, and 8D Strength Function 

Normal Stress 
(psf) 

Shear Stress  
(psf) 

0 0 

200 63 

1,000 276 

6,000 1,325 

10,000 1,905 

25,000 2,500 

 

5.5.4 Liner System for Module 4 - Floor 

The liner system strength properties for the floor of Module 4 used in the analyses 
consists of a friction angle (φ) = 8.5° and cohesion (c) of 0 psf. 

5.5.5 Liner System for Module 4 – Side Slope 

The liner system strength properties for the floor of Module 4 used in the analyses 
consists of a friction angle (φ) = 10° and cohesion (c) of 0 psf. 

5.5.6 Overliner (i.e., existing final cover system) in Modules 1, 2, and 3 

The existing final cover system in Modules 1, 2, and 3 and new final cover in areas of 
Modules 3 that have not been closed or that need to be re-constructed with high density 
polyethylene (HDPE) geomembrane in the final cover will act as an overliner for 
Module 11. 

Since the materials used to close Modules 1, 2, and 3 will be similar to those used in the 
new overliner system or the reconstructed final cover system that will act as an 
overliner, the strength properties assumed for the evaluation are based on the results of 
site-specific testing performed by Geosyntec in 2012 and 2013. 
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Module 1 Overliner Strength Function 

Normal Stress 
(psf) 

Shear Stress 
(psf) 

0 0 

2,000 668 

4,000 1,584 

8,000 2,458 

 

Modules 2 and 3 Overliner Strength Function 

Normal Stress 
(psf) 

Shear Stress 
(psf) 

0 0 

1,000 516 

3,000 1,149 

6,000 1,790 

 
Since the existing final cover that needs to be replaced will be similar to the existing 
Module 1, 2, and 3 final cover, we assumed the following strengths: 

 
New Modules 2 and 3 Overliner Strength Function 

Normal Stress 
(psf) 

Shear Stress 
(psf) 

0 0 

1,000 516 

2,000 668 

3,000 1,149 

4,000 1,584 

6,000 1,790 
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Normal Stress 
(psf) 

Shear Stress 
(psf) 

8,000 2,458 

5.5.7 Portions of Modules 1, 2, and 3 Where an Overliner Was Constructed as 
Part of Developing Module 8 and Module 5 

Based on the information available in the WM files the following strengths are used in 
the analyses: 

MODULE FLOOR OVERLINER/SIDESLOPE 

1, 2, 3 (Overliner for 
Phases 1A, 1B, 2, 
and 3)  

Not Applicable 
φ = 8.5 degrees, no cohesion regardless of 
overburden 

1, 2, 3 (Overliner for 
Phase 4)  

Not Applicable 
φ = 8.5 degrees, no cohesion for normal stress σn 
≤ 7,319 psf and φ2 = 2.3° for σn ≥ 7,319 psf 

5 
φ = 8.5 degrees, no cohesion 
regardless of overburden 

φ = 8.5 degrees, no cohesion regardless of 
overburden 

8A 
φ = 8.5 degrees, no cohesion 
regardless of overburden 

φ = 8.5 degrees, no cohesion for normal stress σn 
≤ 7,319 psf and φ2 = 2.3° for σn ≥ 7,319 psf 

 

5.5.8 Native Soils – Clays and Silts 

The properties of the native clays and silts were presented in Geosyntec43,44. For 
reference, Figure 4 in Appendix B shows the strength profile for the cohesive soils in 
Module 11. Under seismic conditions, the strength profile was decreased by 20 percent 
(i.e., 80 percent of the static strength was assumed) to account for cyclic softening of 
the native soils during the design earthquake45. The assumed unit weight of the native 
soils is 115 pcf. 

                                                 

43 Module 11: Summary of Field Investigation and Laboratory Testing Programs, Riverbend Landfill, 
prepared fir Riverbend Landfill Company, prepared by Geosyntec Consultants, Inc., project WG1866, 17 
March 2015, Revised 22 April 2015. 
44 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 

prepared by Geosyntec Consultants, Inc., 30 June 2015. 
45 It should be noted that as presented in Section 3, the cyclic strength degradation of Willamette silt is 
generally less than or equal to 10 percent; however, we have conservatively decreased this strength by 20 
percent. 
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5.5.9 Native Soils – Sands and Gravels 

The properties of the native sands and gravels were presented in Geosyntec46,47. The 
assumed unit weight of the native soils is 125 pcf. The strength, based on blowcount 
information, was assumed to be a friction angle of 35 degrees and a cohesion of 0 psf. 
As discussed below, the cohesionless soils (i.e., sands and gravels) were evaluated for 
liquefaction; if the soils were predicted to be liquefiable, a residual strength was 
assumed for the seismic slope stability evaluation. If the soils were non-liquefiable, the 
seismic strength was assumed to be the same as the static strength. 

5.5.10 Liquefiable Soils 

Liquefaction and cyclic softening potential of the existing foundation soils was 
evaluated for Module 11; the information is presented in Appendix A. Based on the 
liquefaction evaluation, areas where the soils are potentially liquefiable have been 
identified. To estimate the residual strength, Geosyntec followed the procedures in Seed 
and Boulanger48. 

The depth and thickness of the liquefiable soils varies throughout Module 11 (see 
Appendix A); furthermore, based on the liquefaction evaluation, the liquefiable deposits 
do not appear to be continuous. To be conservative in the design, a continuous, 10-foot-
thick layer of liquefiable soils was assumed at each slope stability cross section. The 
residual strength for each cross section was estimated based on a clean sand blow count 
for lateral spreading (N1)60-cs-Sr of 21 for the site. The assumed unit weight of the 
liquefiable soils is 125 pcf. The table below summarizes the residual strengths estimated 
at each cross section. 

                                                 

46 Module 11: Summary of Field Investigation and Laboratory Testing Programs, Riverbend Landfill, 
prepared fir Riverbend Landfill Company, prepared by Geosyntec Consultants, Inc., project WG1866, 17 
March 2015, Revised 22 April 2015. 
47 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 

prepared by Geosyntec Consultants, Inc., 30 June 2015. 
48 See Figures 88 and 89 in Idriss, I.M., and Boulanger, R.W. (2008), Soil Liquefaction during 
Earthquakes, EERI Monograph MNO-12. 
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Cross Section 
Residual Strength (Sr) 

(psf) 

A1 1,600 

A2 1,600 

A3 1,650 

A4 1,700 

B 1,550 

C 1,600 

D 1,750 

E 1,850 

F 1,750 

G 1,750 

 

5.5.11 MSE Berm Materials 

Along the eastern portion of Module 11 waste fill will overlie the existing Phase 1 MSE 
berm. Before waste placement over the MSE berm, the existing composite liner system 
for Module 9 will be extended and connected to the new composite liner system in 
Module 11. 

The properties of the composite liner system for Modules 9 and 11 have been presented 
above. The MSE berm consists of three materials: engineered clay fill (ECF), 
engineered foundation fill (EFF), and reinforced fill zone (RFZ). Because of moisture 
control issues during winter construction, a portion of the ECF was replaced with 
cement amended clay (CAC). The properties for each material are tabulated below and 
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are based on the specifications for the MSE berm49 as well as on the as-constructed 
information presented in the construction quality assurance report50: 

Material 
Unit Weight 

(pcf) 
Strength 

ECF 125 Su = 1,600 psf 

CAC 125 Su = 2,500 psf 

EFF 135 φ = 35 degrees, c = 0 psf 

RFZ 135 φ = 35 degrees, c = 0 psf 

 

5.5.12 Berm Materials 

Along the southern and western portion of Module 11, the berms will be constructed of 
earthen materials. 

Along the State Route 18, the berm will be constructed of engineered clay fill (ECF) 
having similar properties to those described above. 

During operations, on the southern side of Module 11, a perimeter access road with a 
steep slope will be required. This road will be a temporary feature and will be 
abandoned once its operational purpose is complete. Cement amended clay (CAC) is 
proposed to construct the steep slope of the southern berm above the 100-year flood line 
to minimize the effects of seasonal weathering and erosion during operations. 
Therefore, along the southern portion of Module 11, the berm will consist of two 
materials: engineered clay fill (ECF) and cement amended clay (CAC). The properties 
for each material are tabulated below and are based on site-specific experience with 

                                                 

49 Division 2, Technical Specifications, Mechanically Stabilized Earthen (MSE) Berm (Phase 1) and 
Entrance Facility Construction at Riverbend Landfill, prepared for Riverbend Landfill Company, 
prepared by Geosyntec Consultants, Inc.; Project WG1597; 28 December 2012. 
50 Report of Construction Quality Assurance, Mechanically Stabilized Earthen (MSE) Berm – Phase 1A, 
Parts 1 and 2; prepared by Geosyntec Consultants, Inc.; prepared for Riverbend Landfill Company; 
WG1863; 4 August and 4 September 2014. 
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construction of the MSE berm51 as well as on the as-constructed information presented 
in the construction quality assurance report52: 

Material 
Unit Weight 

(pcf) 
Strength 

ECF 125 Su = 1,600 psf 

CAC 125 Su = 2,500 psf 

 

5.5.13 Ground Improved Soils 

In some areas, to meet the seismic deformation criteria of less than or equal to 12 
inches, ground improvement was needed. The deep soil mixing (DSM) method was 
selected for this purpose (see Section 4). DSM involves the admixing of the native soils 
at depth with cement to create soils that have higher strengths. For DSM soils, the unit 
weight was assumed to be 135 pcf and the undrained shear strength (Su) was assumed to 
be 14,400 psf (i.e., 100 psi53). 

5.6 Slope Stability Analyses 

This section presents the static and seismic slope stability results for the landfill 
configuration. Drawings 3 and 4 show the base and final landfill grades, respectively; 
the Drawings also show the locations of the slope stability analyses cross sections. 
Static slope stability was performed using the Spencer method of slices and the 
SLOPE/W software. 

The seismic design criteria for slope stability were presented in Geosyntec54.  Module 
11 will be designed following the requirements in Part 258 of Title 40 of the Code of 

                                                 

51 Division 2, Technical Specifications, Mechanically Stabilized Earthen (MSE) Berm (Phase 1) and 
Entrance Facility Construction at Riverbend Landfill, prepared for Riverbend Landfill Company, 
prepared by Geosyntec Consultants, Inc.; Project WG1597; 28 December 2012. 
52 Report of Construction Quality Assurance, Mechanically Stabilized Earthen (MSE) Berm – Phase 1A, 
Parts 1 and 2; prepared by Geosyntec Consultants, Inc.; prepared for Riverbend Landfill Company; 
WG1863; 4 August and 4 September 2014. 
53 Typically, DSM strength is specified as an unconfined compressive strength (UCS) at 28 days; the 
UCS equivalent to an Su = 100 psi is a UCS = 200 psi at 28 days. 
54 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 

prepared by Geosyntec Consultants, Inc., 30 June 2015. 
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Federal Regulations (i.e., Federal regulations also known as Subtitle D). These 
regulations are included in provisions of the Oregon Revised Statutes and implemented 
by the Department of Environmental Quality (ODEQ). For reference Subtitle D follows 
a probabilistic seismic hazard assessment (PSHA). Furthermore, Geosyntec also 
performed a deterministic seismic hazard assessment (DSHA) for Module 11 to address 
the Oregon Resilience Plan, a report to the 77th Legislative Assembly from Oregon 
Seismic Safety Policy Advisory Commission (OSSPAC) dated February 2013. 

Based on the evaluations, the design earthquake for the site is a magnitude 9.0 
earthquake on the Cascadia subduction zone and the acceleration at the bedrock level is 
0.44g. This level of acceleration represents the 84th percentile (i.e., median plus 1 
standard deviation) ground motion at the site as well as the PSHA ground motion 
according to the 2014 United States Geological Survey (USGS) map. 

For landfill slope stability, which requires calculating seismic deformations, Geosyntec 
performed one-dimensional site response analyses for representative columns to 
estimate the expected seismic displacement as a function of the seismic yield 
coefficient55 (ky). To perform the seismic response analysis, Geosyntec used the one-
dimensional nonlinear dynamic soil response model D-MOD2000. The input ground 
motions and assumptions for this evaluation are presented in Geosyntec56. 

Attachment A in Appendix B includes the deformation versus yield acceleration curves 
developed for potential slip surfaces through the composite liner level and for potential 
slip surfaces through the foundation soils for various scenarios. 

5.7 Slope Stability Analyses Results 

The results of the slope stability analyses are summarized in Table 1. As can be 
observed, the minimum acceptable static factor of safety of 1.5 has been met for the 
potential slip surfaces through the liner (or overliner) system and through the foundation 
soils. The results also show that the minimum acceptable seismic deformation of 12 
inches or less has also been met. At locations where these criteria are not met, the deep 
soil mixing (DSM) ground improvement method has been recommended so that the 
                                                 

55 Newmark, N.M., “Effects of Earthquakes on Dams and Embankments,” Geotechnique, Volume 5, 
Number 2; 1965. 
56 Module 11: Seismic Design, Analyses, and Supporting Information Report, Riverbend Landfill; 

prepared by Geosyntec Consultants, Inc., 30 June 2015. 
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acceptable deformation criteria are met. As presented in Table 1, DSM will be 
performed at or near the toe of the areas represented by Sections A1, A3, A4, and 
Section E.  Further details and lateral extent of DSM areas will be provided in the detail 
design and construction documents for the areas.  Attachment B in Appendix B includes 
the input and output files for the static and seismic slope stability analyses. 
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6. CONCLUSIONS 

Based on the analyses and the evaluations performed by Geosyntec, the following 
conclusions are made: 

1. The subsurface conditions at Module 11 consist of: (i) approximately 20 to 40 
feet of cohesive silts and clays encountered below the ground surface, and (ii) 
underlain by approximately 20 to 40 feet of sands and gravels over bedrock 
encountered at various depths. 

2. The design earthquake for Module 11 is a magnitude 9.0 earthquake on the 
Cascadia Subduction Zone with a rock acceleration of 0.44g. Site-specific 
seismic response analyses were performed using DMOD to estimate the seismic 
accelerations for liquefaction evaluation and seismic slope stability of the 
landfill. 

3. At certain locations and depths, cohesionless soils were found to be susceptible 
to liquefaction. Also, some of the cohesive soils present at the site are 
susceptible to strength degradation due to cyclic loading. 

4. Consequences of liquefaction, such as potential post-liquefaction settlements, 
sand boils, and seismic deformations have been evaluated and addressed. 
Liquefaction mitigation techniques consisting of ground improvement have been 
discussed and the deep soil mixing (DSM) method has been recommended for 
the site. 

5. Static and seismic slope stability evaluations for the landfill expansion have 
been performed. The results show that Module 11 meets the acceptable static 
and seismic slope stability requirements.  
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7. LIMITATIONS 

This report was prepared by Geosyntec Consultants, Inc. (Geosyntec) in general 
accordance with the accepted standard of practice, which existed in Oregon at the time 
the project was performed. Individual boreholes represent the information obtained at 
the location of drilling. It should be recognized that definition and evaluation of 
geotechnical and environmental conditions is a difficult and inexact art. Judgments 
leading to conclusions and recommendations are generally made with an incomplete 
knowledge of the conditions present. Geosyntec has prepared this report for the Client's 
exclusive use for this particular project and in accordance with generally accepted 
engineering practices within the area at the time of its investigation. No other 
representations, express or implied, and no warranty or guarantee is included or 
intended. 

 



 

 

TABLES 

 



Location Foundation Improvement

SECTION A1

A1 S-N Along Phase 1 MSE Berm Liner - 1.7 0.14 2.5 Potential slip surface through waste and liner

A1 S-N Along Phase 1 MSE Berm MSE Berm, EFF[4], Foundation Soils - 1.5 0.05 [5] Potential slip surface through waste and foundation

A1 S-N Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM[6] at Toe 
(100 psi)

1.6 0.07 3.0 Potential slip surface through waste and foundation

SECTION A2

A2 S-N Offset from MSE Berm Liner - Mod. 8D and 9 - 1.8 0.15 1.5 Potential slip surface through waste and liner

A2 S-N Offset from MSE Berm MSE Berm, EFF, Foundation Soils - 1.8 0.08 Small Potential slip surface through waste and foundation

SECTION A3

A3 N-S Along Phase 1 MSE Berm Liner - 1.6 0.13 3.0 Potential slip surface through waste and liner

A3 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils - 1.4 0.03 [5] Potential slip surface through waste and foundation

A3 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM at Toe 
(100 psi) 1.6 0.07 3.0 Potential slip surface through waste and foundation

SECTION A4

A4 N-S Offset from MSE Berm Liner - 1.6 0.14 2.5 Potential slip surface through waste and liner

A4 N-S Offset from MSE Berm MSE Berm, EFF, Foundation Soils - 1.5 0.03 [5] Potential slip surface through waste and foundation

A4 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM at Toe 
(100 psi) 1.8 0.15 Small Potential slip surface through waste and foundation

SECTION B

B E-W Across Western Berm Liner - 1.8 0.16 Small Potential slip surface through waste and liner

B E-W Across Western Berm Soil Berm, Foundation Soils - 1.7 0.09 Small Potential slip surface through waste and foundation

Table 1

DescriptionStatic FS[2]Section[1]

Results of Slope Stability Analyses
Riverbend Landfill - Module 11

Riverbend Landfill
Yamhill County, Oregon

Yield Acceleration, 

ky
[3]

Case Descriptors
Seismic 

Displacement, D (in)
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Location Foundation Improvement

Table 1

DescriptionStatic FS[2]Section[1]

Results of Slope Stability Analyses
Riverbend Landfill - Module 11

Riverbend Landfill
Yamhill County, Oregon

Yield Acceleration, 

ky
[3]

Case Descriptors
Seismic 

Displacement, D (in)

SECTION C

C N-S Across Southern Berm Liner - 1.7 0.14 2.0 Potential slip surface through waste and liner

C N-S Across Southern Berm Soil Berm, Foundation Soils - 1.5 0.08 4.0 Potential slip surface through waste and foundation

SECTION D

D N-S Across Existing South Berm Overliner - Mod. 2&3 - 1.8 0.18 [7] Potential slip surface through waste and liner

D N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.9 0.14 [7] Potential slip surface through waste and foundation

SECTION E

E N-S Across Existing South Berm New Overliner - Mod. 3 - 1.8 0.18 8.0 Potential slip surface through waste and liner

E N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.4 0.04 [5] Potential slip surface through waste and foundation

E N-S Across Existing South Berm Soil Berm, Foundation Soils DSM Under 
Berm (100 psi) 2.3 0.16 Small Potential slip surface through waste and foundation

SECTION F

F N-S Across Existing South Berm Liner - 1.5 0.10 1.0 Potential slip surface through waste and liner

F N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.7 0.11 Small Potential slip surface through waste and foundation

SECTION G

G N-S Across Existing South Berm Overliner - Mod. 1 - 1.9 0.19 Small Potential slip surface through waste and liner

G N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.6 0.07 2.0 Potential slip surface through waste and foundation

[1] Cross-sections were selected based on the proposed base grades, final grades, and as-built conditions of the site
[2] Factor of safety was evaluated with the Slope/W software using the Spencer method of slices and selecting the critical slip surface
[3] Yield acceleration is the horizontal seismic coefficient required to for a factor of safety, FS = 1.0
[4] EFF - engineered foundation fill
[5] Deformations larger than 12 inches; therefore, DSM is recommended.
[6] DSM - deep soil mixing
[7] Static factors of safety and yield acceleration are high; therefore, the seismic deformations will be acceptable.
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 SLOPE STABILITY ANALYSES FOR MODULE 11 
RIVERBEND LANDFILL 

PURPOSE 

This calculation package presents the slope stability analyses performed for the evaluation of 
Module 11 with final grades at the Riverbend Landfill (Landfill) located in McMinnville, CA.  
The Landfill is owned by the Riverbend Landfill Company, a subsidiary of Waste Management 
(WM). 
 
BACKGROUND 
 
Module 11 abuts the existing landfill.  On the East, it abuts Module 8D and Module 9.  On the 
south, it abuts Modules 1, 2, 3, and 4.  Figure 1 shows the proposed final grades for Module 11.  
Figure 2 shows the base grades for Module 11.  Portions of Modules 1, 2, 3, and 4 have been 
closed with a final cover.  By developing Module 11 to the South of Modules 1, 2, and 3, areas 
of the final cover of the existing closed Modules 1, 2, and 3, will act as an overliner for new 
waste fill. 
 
DESIGN CRITERIA 
 
The minimum generally acceptable static factor of safety for slope stability is greater than or 
equal to 1.51.  The generally acceptable seismic deformation is less than or equal to 12 inches 
based on U.S. EPA2. 

LINER SYSTEM CONFIGURATION AND EXISTING FINAL COVERS 

A new composite (Subtitle D) liner system will be constructed for Module 11.  The new liner 
system (from top to bottom) will consist of the following: 

• 12-inch thick operations layer (18-inch on side slopes); 

                                                 
1 Duncan, J.M. 1992. “State-of-the-Art: Static Stability and Deformation Analysis,” Proceedings of Stability and 
Performance of Slopes and Embankments II, A 25 Year Perspective, ASCE Geotechnical Special Publication No. 
31, R.B. Seed and R.W. Boulanger, editors, ASCE, New York. 
2 U.S.EPA, RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities; 
EPA/600/R-95/051, April 1995. 
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• 8 ounce geotextile separator fabric on the floor and 16 ounce geotextile separator fabric 
on the side slope; 

• 12-inch thick gravel primary leachate collection layer (LCRS Drainage Layer) on the 
floor; 

• 8 ounce or 16 ounce geotextile cushion fabric3; 

• 60-mil thick high-density polyethylene (HDPE) double-sided textured primary 
geomembrane; 

• Geosynthetic Clay Liner (GCL); 

• Geocomposite (leak detection system); 

• 60-mil thick HDPE double-sided textured secondary geomembrane; and 

• Subgrade soil. 

As for the Phase 1 MSE berm project (i.e., Module 9), the liner system will be connected to the 
existing final cover system over Modules 1, 2, and 3.  To connect the existing final cover to the 
new liner system, a portion of the vegetative layer, the geotextile, and the drainage material will 
be temporarily removed to expose the existing geomembrane.  The existing geomembrane will 
be welded to the secondary and primary geomembranes of the new composite liner system.  
After the existing final cover and the new liner systems have been connected, the geotextile, the 
drainage material, and the vegetative cover (which would become the operations layer) will be 
re-deployed. 

In areas that have not been closed or that need the HDPE geomembrane to be replaced, the 
proposed overliner configuration4 is (from top to bottom): 

• 12 inches of operations layer. 

• filter geotextile. 

• 60-mil-thick HDPE geomembrane textured on both sides5. 

• foundation soil. 

 
                                                 
3 The 8 ounce geotextile is for the base liner and 16 ounce geotextile is for the side slope. 
4 This cross section is the same as the existing final cover in Modules 1, 2, and a portion of Module 3. 
5 The choice of a drainage layer using gravel or Agru Supergripnet will be decided at the construction-level design. 
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LIQUID LEVEL WITHIN LANDFILL 

Since the Module 11 will have a composite liner system with a functioning leachate collection 
and removal system or LCRS (i.e., blanket collection layer, piping, sumps, pumps, etc.), the 
leachate is assumed to be maintained below the permitted 1-ft maximum head above the liner 
and was therefore excluded from the analyses.  For areas of Module 11 that overlie the existing 
landfill (i.e., Modules 1, 2, 3, 4, 9), the liquid level was also assumed to be within one foot of the 
bottom since Geosyntec understands that LCRS, in the composite lined modules, and leachate 
extraction systems, in the non-composite lined modules are present and operated by WM to meet 
the regulatory standards. 

ANALYSES 

Static and seismic slope stability was analyzed using the Spencer method of slices6 employed in 
the Slope/W software7. According to Duncan8, the Spencer method satisfies both moment and 
force equilibrium conditions. The program generates potential slip surfaces using a grid of circle 
centers and a series of tangent lines.  
 
The cross sections evaluated for stability are shown in Figure 1 and Figure 2. As can be 
observed, cross-sections involve the new Module 11 as well as the existing Modules 1, 2, 3, 4, 
8D, and 9 which abut Module 11.  The evaluation presented herein is for the final landfill grades; 
that is: fill sequencing of the various phases of Module 11 will be evaluated as part of each 
phase’s design. 

                                                 
6 Spencer, E., “A Method of Analysis of the Stability of Embankments Assuming Parallel Interslice Forces,” 
Geotechnique, Vol. 17, No. 1, March, pp.11-26; 1967. 
7 GEO-SLOPE International Limited [GEO-SLOPE], GeoStudio for slope stability analysis, Version 8.0.  Calgary, 
Alberta, Canada, 2012. 
8 Duncan, J.M., “State-of-the-Art: Static Stability and Deformation Analysis,” Proceedings of Stability and 
Performance of Slopes and Embankments II, A 25 Year Perspective, ASCE Geotechnical Special Publication No. 
31, R.B. Seed and R.W. Boulanger, editors, ASCE, New York; 1992. 
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MATERIAL PROPERTIES 
 
Material properties assumed in the analyses are described in detail in the text of the report for: 

• Municipal Solid Waste (MSW) 
• Liner Systems 
• Native Soils – Clays and Silts 
• Native Soils – Sands and Gravels 
• Liquefiable Soils 
• MSE and New Berm Materials 
• Ground Improved Soils 

SEISMIC SLOPE STABILITY, DYNAMIC RESPONSE ANALYSES AND SEISMIC 
DEFORMATION ESTIMATES 
 
Based on the various evaluations summarized in the text of the report, the design earthquake 
magnitude is 9.0 on the Cascadia subduction zone; the acceleration at the bedrock level is 0.44g. 
 
For landfill slope stability, Geosyntec performed one-dimensional equivalent-linear site response 
analyses for representative columns to estimate the expected seismic displacement as a function 
of the seismic yield coefficient (ky).  To perform the seismic response analysis, Geosyntec used 
the one-dimensional nonlinear dynamic soil response model D-MOD2000. 
 
Attachment A includes the seismic response analysis and the deformation versus yield 
acceleration curves developed for slip surfaces at the composite liner level and for slip surfaces 
through the foundation soil. 
 
RESULTS 

The results of the slope stability analyses are summarized in Table 1.  Attachment B includes the 
output files for the seismic and static slope stability.  For a discussion of the results refer to the 
text of the report.



Location Foundation Improvement

SECTION A1

A1 S-N Along Phase 1 MSE Berm Liner - 1.7 0.14 2.5 Potential slip surface through waste and liner

A1 S-N Along Phase 1 MSE Berm MSE Berm, EFF[4], Foundation Soils - 1.5 0.05 [5] Potential slip surface through waste and foundation

A1 S-N Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM[6] at Toe 
(100 psi)

1.6 0.07 3.0 Potential slip surface through waste and foundation

SECTION A2

A2 S-N Offset from MSE Berm Liner - Mod. 8D and 9 - 1.8 0.15 1.5 Potential slip surface through waste and liner

A2 S-N Offset from MSE Berm MSE Berm, EFF, Foundation Soils - 1.8 0.08 Small Potential slip surface through waste and foundation

SECTION A3

A3 N-S Along Phase 1 MSE Berm Liner - 1.6 0.13 3.0 Potential slip surface through waste and liner

A3 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils - 1.4 0.03 [5] Potential slip surface through waste and foundation

A3 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM at Toe 
(100 psi) 1.6 0.07 3.0 Potential slip surface through waste and foundation

SECTION A4

A4 N-S Offset from MSE Berm Liner - 1.6 0.14 2.5 Potential slip surface through waste and liner

A4 N-S Offset from MSE Berm MSE Berm, EFF, Foundation Soils - 1.5 0.03 [5] Potential slip surface through waste and foundation

A4 N-S Along Phase 1 MSE Berm MSE Berm, EFF, Foundation Soils DSM at Toe 
(100 psi) 1.8 0.15 Small Potential slip surface through waste and foundation

SECTION B

B E-W Across Western Berm Liner - 1.8 0.16 Small Potential slip surface through waste and liner

B E-W Across Western Berm Soil Berm, Foundation Soils - 1.7 0.09 Small Potential slip surface through waste and foundation

Table 1

DescriptionStatic FS[2]Section[1]

Results of Slope Stability Analyses
Riverbend Landfill - Module 11

Riverbend Landfill
Yamhill County, Oregon

Yield Acceleration, 

ky
[3]

Case Descriptors
Seismic 

Displacement, D (in)
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Location Foundation Improvement

Table 1

DescriptionStatic FS[2]Section[1]

Results of Slope Stability Analyses
Riverbend Landfill - Module 11

Riverbend Landfill
Yamhill County, Oregon

Yield Acceleration, 

ky
[3]

Case Descriptors
Seismic 

Displacement, D (in)

SECTION C

C N-S Across Southern Berm Liner - 1.7 0.14 2.0 Potential slip surface through waste and liner

C N-S Across Southern Berm Soil Berm, Foundation Soils - 1.5 0.08 4.0 Potential slip surface through waste and foundation

SECTION D

D N-S Across Existing South Berm Overliner - Mod. 2&3 - 1.8 0.18 [7] Potential slip surface through waste and liner

D N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.9 0.14 [7] Potential slip surface through waste and foundation

SECTION E

E N-S Across Existing South Berm New Overliner - Mod. 3 - 1.8 0.18 8.0 Potential slip surface through waste and liner

E N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.4 0.04 [5] Potential slip surface through waste and foundation

E N-S Across Existing South Berm Soil Berm, Foundation Soils DSM Under 
Berm (100 psi) 2.3 0.16 Small Potential slip surface through waste and foundation

SECTION F

F N-S Across Existing South Berm Liner - 1.5 0.10 1.0 Potential slip surface through waste and liner

F N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.7 0.11 Small Potential slip surface through waste and foundation

SECTION G

G N-S Across Existing South Berm Overliner - Mod. 1 - 1.9 0.19 Small Potential slip surface through waste and liner

G N-S Across Existing South Berm Soil Berm, Foundation Soils - 1.6 0.07 2.0 Potential slip surface through waste and foundation

[1] Cross-sections were selected based on the proposed base grades, final grades, and as-built conditions of the site
[2] Factor of safety was evaluated with the Slope/W software using the Spencer method of slices and selecting the critical slip surface
[3] Yield acceleration is the horizontal seismic coefficient required to for a factor of safety, FS = 1.0
[4] EFF - engineered foundation fill
[5] Deformations larger than 12 inches; therefore, DSM is recommended.
[6] DSM - deep soil mixing
[7] Static factors of safety and yield acceleration are high; therefore, the seismic deformations will be acceptable.
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Attachment A 
Seismic Response Analyses 

and Deformation Charts 



Geo-Logic Associates ● 3921 East La Palma Avenue, Anaheim, California 92807 ● 714-465-8240 ● www.Geo-Logic.com 

September 1, 2015

Geosyntec Consultants, Inc.
1111 Broadway, 6th Floor
Oakland, CA 94607

Attention: Dr. Hari D. Sharma, P.E.

SITE RESPONSE AND SEISMIC DEFORMATION ANALYSIS: MODULE 11
RIVERBEND LANDFILL
MCMINNVILLE, OREGON

Dear Dr. Sharma:

GENERAL

As requested, Geo-Logic Associates, Inc. (GLA) has performed site response and seismic

deformation analysis for six representative configurations (cross sections A, B, C, E, F, and G) of

the Module 11 at the Riverbend Landfill (site), in McMinnville, Oregon. The analyses were

performed using the latest update of design ground motions (GLA, 2015), results of site

characterization effort by Geosyntec, and set of generic material properties representative of

engineered fill, Mechanically-Stabilized Earth (MSE) berm, and of Municipal Solid Waste (MSW)

materials that are or will be disposed of within Module 11.

To perform the site response analysis, GLA used the computer program D-MOD2000

(Matasovic, 1993; www.GeoMotions.com). D-MOD2000 is one-dimensional (1-D) nonlinear

effective-stress program for calculation of seismic response of natural and man-made soil

deposits, earthfill/rockfill dams and solid waste landfills. The program is based upon lumped-

mass dynamic response model. Soil and waste behavior is modeled by a set of nonlinear and

effective-stress constitutive models developed by Matasovic and Vucetic. Required input

includes dynamic excitation (accelerogram or program-generated sinusoidal motion), unit weight

and shear wave velocity profiles, and parameters of constitutive models (generic model

parameters are available for many soils, including sands subject to various confining stresses, and

clays of various plasticities). The program output includes reprint of input values, printout of

peak values of acceleration, average acceleration (i.e., seismic coefficient), velocity, displacement,

and porewater pressure within the profile, and the corresponding time histories.

To perform the seismic deformation analysis, GLA used the computer program SLIP2000

(Matasovic et al., 1998; www.GeoMotions.com). For a given yield acceleration, SLIP2000

performs double integration of excursions of the average acceleration time histories evaluated

in site response analysis above the yield acceleration. The double integration is conducted

following the principles expounded by Newmark (1965).
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DESIGN GROUND MOTIONS

GLA used five time histories (accelerograms Set 1.sar – Set 5.sar, see Table 1) to characterize

Magnitude (M) 9 event at site-to-source distance (R) of 50 km in time domain. These

accelerograms were developed for on-site bedrock conditions by advanced modification of

seed motions by Abrahamson (2013). Three of the seed motions in this suite are from the

2011 M 9.0 Tohoku, Japan earthquake and two are from the 2010 M 8.8 Maule, Chile

earthquake.

For this study, design ground motions were scaled to Peak Horizontal Ground Acceleration,

PHGA = 0.44 g before applying at the transmitting base of the model (corresponds to “outcrop”

motion). The PHGA = 0.44 g corresponds to the 84th percentile motion for the deterministic

seismic hazard analysis (Abrahamson, 2013; GLA, 2015).

SITE RESPONSE ANALYSIS MODELS

Geosyntec provided the subsurface, engineered fill, and waste mass profiles, depths of

representative pseudostatically-evaluated critical failure surfaces, and a range of expected yield

accelerations. GLA used this information to develop representative site response models and

perform de-coupled site response - seismic deformation analysis for sections A1, B, C, E, F, and

G.

More detailed summary of input information provided by Geosyntec and the corresponding

DMOD input files are presented in Attachment A. The summaries include information on

stratification (layer thickness), representative material classification (description), and

information on representative shear wave velocity, and unit weight. The shear wave velocities

for the soils were based on geophysical investigations conducted by Zonge (2012 and 2013)

using multichannel analysis of surface waves (MASW) techniques and seismic cone penetration

tests (CPTs) conducted by Oregon Geotechnical Explorations of Keizer, Oregon in 2015. The

shear wave velocity of weathered bedrock was assumed to be 1,820 feet per second (ft/sec)

based upon the upper-bound site-specific shear wave velocity measurements by Zonge (2012

and 2013).

The dynamic properties (i.e., shear modulus reduction and damping) for the soil materials in

representative profiles are based on the Plasticity Index (PI) values provided by Geosyntec. In

particular, for given PI, GLA selected the corresponding Vucetic and Dobry (1991) modulus

reduction and damping curve and evaluated parameters of the nonlinear constitutive model by

Matasovic and Vucetic (1993) to conform to these curves. Similarly, the Matasovic and

Kavazanjian (1998) modulus reduction and damping curves were selected and fitted to model

the dynamic properties of MSW.

1 Two representative configurations (A1 and A3) were evaluated for section A; A1 was selected for further
evaluation in Newmark-type analysis because A1 had a larger calculated average acceleration response than A3.
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ANALYSIS AND RESULTS

GLA performed decoupled site response - seismic deformation analysis. Each of representative

model was excited by a suite of 5 design ground motions scaled to bedrock PHGA = 0.44 g. The

results were monitored as Peak Ground Acceleration (PGA) at model surface and as average

acceleration time histories at landfill liner and at the top of Sand and Gravel layer. The average

acceleration time histories were used as an input into Newmark-type site response analysis

with SLIP2000.

The results of seismic deformation analysis are enclosed in Attachment B in the form of the

site-specific seismic deformation charts. These results (charts) will be used by Geosyntec to

estimate displacement response of representative cross sections A1, B, C, E, F, and G.

CLOSURE

This report is based on the data provided by Geosyntec and analyses described herein. Geo-

Logic Associates, Inc. should be notified of any conditions that differ from those described

herein since this may require a reevaluation of the data, conclusions and recommendations

presented. This report has been prepared in accordance with generally accepted geotechnical

practices, and makes no other warranties, either expressed or implied, as to the professional

data presented in it.

Should you have any questions or require additional explanation, please do not hesitate to

contact me.

Sincerely,

Neven Matasovic, Ph.D., P.E., G.E. (California and Alaska)

Principal

nmatasovic@geo-logic.com / 714-465-8240

Attachment A – Representative Site Response Analysis Models

Attachment B – Summary of Seismic Deformation Analysis
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ATTACHMENT A
(Representative Site Response Analysis Models)



Riverbend Module 11 - D-MOD / Section A1 / 40' MSW, 45' Eng. Fill, 65' Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft
3
) (kN/m

3
) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.21 250.0 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,509,148 4,014.64

2 MSW 5.0 -7.5 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 5.0 -32.5 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 CH (Liner) 5.0 -37.5 664.04 202.4 125.00 19.6 PI = 50 0.00244 1.00 0.85 1,713,153 4,180.09

7 G (Eng. Fill) 5.0 -42.5 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

8 G (Eng. Fill) 10.0 -50.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

9 G (Eng. Fill) 10.0 -60.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

10 G (Eng. Fill) 10.0 -70.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

11 G (Eng. Fill) 10.0 -80.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

12 W. Silt (ML/CL) 10.0 -90.0 573.0 174.7 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,173,551 1,079.67

13 W. Silt (ML/CL) 10.0 -100.0 661.0 201.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,561,693 1,436.76

14 W. Silt (ML/CL) 10.0 -110.0 812.0 247.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,356,703 2,168.17

15 SM/SW 5.0 -117.5 909.0 277.1 125.00 19.6 PI = 0 0.000324 1.10 0.90 3,210,205 1,040.11

16 SM/SW 10.0 -125.0 1100.0 335.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 4,701,001 1,523.12

17 SM/SW 10.0 -135.0 1180.0 359.7 125.00 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

18 SM/SW 10.0 -145.0 1320.0 402.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 150.0 (Vs)avg (ft/s) = 858.84 T (s) = 0.699 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002225
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Riverbend Module 11 - D-MOD / Section A3 / 60' MSW, 45' Eng. Fill, 65' Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.21 250.0 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,509,148 4,014.64

2 MSW 5.0 -7.5 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -35.0 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -45.0 664.04 202.4 85.86 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 5.0 -52.5 687.66 209.6 87.13 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 CH (Liner) 5.0 -57.5 711.29 216.8 125.00 19.6 PI = 50 0.00244 1.00 0.85 1,965,593 4,796.05

9 G (Eng. Fill) 5.0 -62.5 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

10 G (Eng. Fill) 10.0 -70.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

11 G (Eng. Fill) 10.0 -80.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

12 G (Eng. Fill) 10.0 -90.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

13 G (Eng. Fill) 10.0 -100.0 1000.00 304.8 125.00 19.6 Shibuya 0.00072 0.36 0.40 3,885,125 2,805.06

14 W. Silt (ML/CL) 10.0 -110.0 573.0 174.7 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,173,551 1,079.67

15 W. Silt (ML/CL) 10.0 -120.0 661.0 201.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,561,693 1,436.76

16 W. Silt (ML/CL) 10.0 -130.0 812.0 247.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,356,703 2,168.17

17 SM/SW 5.0 -137.5 909.0 277.1 125.00 19.6 PI = 0 0.000324 1.10 0.90 3,210,205 1,040.11

18 SM/SW 10.0 -145.0 1100.0 335.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 4,701,001 1,523.12

19 SM/SW 10.0 -155.0 1180.0 359.7 125.00 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

20 SM/SW 10.0 -165.0 1320.0 402.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 170.0 (Vs)avg (ft/s) = 842.91 T (s) = 0.807 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002569
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Riverbend Module 11 - D-MOD / Section B-B' / 110 ft MSW over 70 ft of Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 819.85 249.9 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,506,946 4,011.11

2 MSW 5.0 -7.5 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -35.0 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -45.0 664.04 202.4 85.86 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 10.0 -55.0 687.66 209.6 87.13 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 MSW 10.0 -65.0 711.29 216.8 88.03 13.8 M & K 0.00316 0.50 1.10 1,384,178 4,374.00

9 MSW 10.0 -75.0 734.91 224.0 88.92 14.0 M & K 0.00316 0.50 1.10 1,492,612 4,716.65

10 MSW 10.0 -85.0 758.53 231.2 89.49 14.1 M & K 0.00316 0.50 1.10 1,600,359 5,057.13

11 MSW 10.0 -95.0 782.15 238.4 89.75 14.1 M & K 0.00316 0.50 1.10 1,706,432 5,392.32

12 MSW 5.0 -102.5 805.26 245.4 89.75 14.1 M & K 0.00316 0.50 1.10 1,808,750 5,715.65

13 CH (Liner) 5.0 -102.5 820.00 249.9 125.00 19.6 PI = 50 0.00244 1.00 0.85 2,612,358 6,374.15

14 W. Silt (ML/CL) 10.0 -115.0 573.0 174.7 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,173,551 1,079.67

15 W. Silt (ML/CL) 10.0 -125.0 661.0 201.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,561,693 1,436.76

16 W. Silt (ML/CL) 10.0 -135.0 812.0 247.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,356,703 2,168.17

17 W. Silt (ML/CL) 10.0 -145.0 909.0 277.1 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,953,388 2,717.12

18 SM/SW 10.0 -155.0 1100.0 335.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 4,701,001 1,523.12

19 SM/SW 10.0 -165.0 1180.0 359.7 125.00 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

20 SM/SW 10.0 -175.0 1320.0 402.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 180.0 (Vs)avg (ft/s) = 787.93 T (s) = 0.914 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002909
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Riverbend Module 11 - D-MOD / Section C-C' / 80 ft MSW over 70 ft of Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.00 249.9 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,507,863 4,012.58

2 MSW 10.0 -10.0 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -20.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -30.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -40.0 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -50.0 664.04 202.4 85.86 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 10.0 -60.0 687.66 209.6 87.13 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 MSW 10.0 -70.0 711.29 216.8 88.03 13.8 M & K 0.00316 0.50 1.10 1,384,178 4,374.00

9 CH (Liner) 5.0 -77.5 820.00 249.9 125.00 19.6 PI = 50 0.00244 1.00 0.85 2,612,358 6,374.15

10 W. Silt (ML/CL) 10.0 -85.0 573.0 174.7 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,173,551 1,079.67

11 W. Silt (ML/CL) 10.0 -95.0 661.0 201.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,561,693 1,436.76

12 W. Silt (ML/CL) 10.0 -105.0 812.0 247.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,356,703 2,168.17

13 W. Silt (ML/CL) 10.0 -115.0 909.0 277.1 115.00 18.1 PI = 30 0.0016 1.10 0.85 2,953,388 4,725.42

14 SM/SW 10.0 -125.0 1100.0 335.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 4,701,001 1,523.12

15 SM/SW 10.0 -135.0 1180.0 359.7 125.00 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

16 SM/SW 10.0 -145.0 1320.0 402.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 150.0 (Vs)avg (ft/s) = 792.37 T (s) = 0.757 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002410
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Riverbend Module 11 - D-MOD / Section E / 60' MSW, Overliner, 80' MSW, 30' Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.2 250.0 120.0 18.8 PI = 30 0.0016 1.10 0.85 2,509,148 4,014.64

2 MSW 5.0 -7.5 569.6 173.6 73.9 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.2 180.8 78.2 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.8 188.0 81.5 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -35.0 640.4 195.2 84.1 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -45.0 664.0 202.4 85.9 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 5.0 -52.5 687.7 209.6 87.1 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 CH (Liner) 5.0 -57.5 711.3 216.8 125.0 19.6 PI = 50 0.00244 1.00 0.85 1,965,593 4,796.05

9 MSW 10.0 -65.0 734.9 224.0 88.9 14.0 M & K 0.00316 0.50 1.10 1,492,612 4,716.65

10 MSW 10.0 -75.0 758.5 231.2 89.5 14.1 M & K 0.00316 0.50 1.10 1,600,359 5,057.13

11 MSW 10.0 -85.0 782.2 238.4 89.7 14.1 M & K 0.00316 0.50 1.10 1,706,432 5,392.32

12 MSW 10.0 -95.0 805.8 245.6 90.1 14.1 M & K 0.00316 0.50 1.10 1,817,488 5,743.26

13 MSW 10.0 -105.0 829.4 252.8 90.3 14.2 M & K 0.00316 0.50 1.10 1,931,060 6,102.15

14 MSW 10.0 -115.0 853.0 260.0 90.6 14.2 M & K 0.00316 0.50 1.10 2,049,826 6,477.45

15 MSW 10.0 -125.0 876.6 267.2 90.9 14.3 M & K 0.00316 0.50 1.10 2,171,012 6,860.40

16 MSW 10.0 -135.0 900.3 274.4 91.2 14.3 M & K 0.00316 0.50 1.10 2,297,612 7,260.45

17 W. Silt (ML/CL) 5.0 -142.5 909.0 277.1 115.0 18.1 PI = 30 0.0016 1.10 0.85 2,953,388 4,725.42

18 W. Silt (ML/CL) 10.0 -150.0 1100.0 335.3 115.0 18.1 PI = 30 0.0016 1.10 0.85 4,324,921 6,919.87

19 SM/SW 5.0 -157.5 1180.0 359.7 125.0 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

20 SM/SW 10.0 -165.0 1320.0 402.3 125.0 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 170.0 (Vs)avg (ft/s) = 817.64 T (s) = 0.832 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002648
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Riverbend Module 11 - D-MOD / Section F / 110' MSW, 35' Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.00 249.9 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,507,863 4,012.58

2 MSW 5.0 -7.5 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -35.0 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -45.0 664.04 202.4 85.86 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 10.0 -55.0 687.66 209.6 87.13 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 MSW 10.0 -65.0 711.29 216.8 88.03 13.8 M & K 0.00316 0.50 1.10 1,384,178 4,374.00

9 MSW 10.0 -75.0 734.91 224.0 88.92 14.0 M & K 0.00316 0.50 1.10 1,492,612 4,716.65

10 MSW 10.0 -85.0 758.53 231.2 89.49 14.1 M & K 0.00316 0.50 1.10 1,600,359 5,057.13

11 MSW 10.0 -95.0 782.15 238.4 89.75 14.1 M & K 0.00316 0.50 1.10 1,706,432 5,392.32

12 MSW 5.0 -102.5 805.77 245.6 90.06 14.1 M & K 0.00316 0.50 1.10 1,817,488 5,743.26

13 CH (Liner) 5.0 -107.5 829.40 252.8 125.00 19.6 PI = 50 0.00244 1.00 0.85 2,672,571 6,521.07

14 W. Silt (ML/CL) 10.0 -115.0 573.0 174.7 115.00 18.1 PI = 30 0.0016 1.10 0.85 1,173,551 1,877.68

15 W. Silt (ML/CL) 10.0 -125.0 661.0 201.5 115.00 18.1 PI = 30 0.0016 1.10 0.85 1,561,693 2,498.71

16 SM/SW 5.0 -132.5 812.0 247.5 125.00 19.6 PI = 0 0.000324 1.10 0.90 2,561,634 829.97

17 SM/SW 10.0 -140.0 909.0 277.1 125.00 19.6 PI = 0 0.000324 1.10 0.90 3,210,205 1,040.11

H (ft) = 145.0 (Vs)avg (ft/s) = 715.81 T (s) = 0.810 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002578
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Riverbend Module 11 - D-MOD / Section G / 70' MSW, Overliner, 40' MSW, 65' Alluvium
Use this spreadsheet to calculate Gmo, τmo, and T. Input is in blue, calculated values show in red, and descriptive labels are in green.

Layer Description Thickness Depth Vs Vs γ γ Curves γr β s Gmo τmo

( - ) ( - ) (ft) (ft) [ft/s] (m/s) (lb/ft3) (kN/m3) ( - ) ( - ) ( - ) ( - ) (psf) (psf)

1 CL 5.0 -2.5 820.21 250.0 120.00 18.8 PI = 30 0.0016 1.10 0.85 2,509,148 4,014.64

2 MSW 5.0 -7.5 569.55 173.6 73.95 11.6 M & K 0.00316 0.50 1.10 745,585 2,356.05

3 MSW 10.0 -15.0 593.18 180.8 78.15 12.3 M & K 0.00316 0.50 1.10 854,686 2,700.81

4 MSW 10.0 -25.0 616.80 188.0 81.46 12.8 M & K 0.00316 0.50 1.10 963,278 3,043.96

5 MSW 10.0 -35.0 640.42 195.2 84.08 13.2 M & K 0.00316 0.50 1.10 1,071,763 3,386.77

6 MSW 10.0 -45.0 664.04 202.4 85.86 13.5 M & K 0.00316 0.50 1.10 1,176,729 3,718.46

7 MSW 10.0 -55.0 687.66 209.6 87.13 13.7 M & K 0.00316 0.50 1.10 1,280,661 4,046.89

8 MSW 5.0 -62.5 711.29 216.8 88.03 13.8 M & K 0.00316 0.50 1.10 1,384,178 4,374.00

9 CH (Liner) 5.0 -67.5 734.91 224.0 125.00 19.6 PI = 50 0.00244 1.00 0.85 2,098,317 5,119.89

10 MSW 10.0 -75.0 758.53 231.2 89.49 14.1 M & K 0.00316 0.50 1.10 1,600,359 5,057.13

11 MSW 10.0 -85.0 782.15 238.4 89.75 14.1 M & K 0.00316 0.50 1.10 1,706,432 5,392.32

12 MSW 10.0 -95.0 805.77 245.6 90.06 14.1 M & K 0.00316 0.50 1.10 1,817,488 5,743.26

13 MSW 10.0 -105.0 829.40 252.8 90.32 14.2 M & K 0.00316 0.50 1.10 1,931,060 6,102.15

14 W. Silt (ML/CL) 5.0 -112.5 573.0 174.7 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,173,551 1,079.67

15 W. Silt (ML/CL) 10.0 -120.0 661.0 201.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 1,561,693 1,436.76

16 W. Silt (ML/CL) 10.0 -130.0 812.0 247.5 115.00 18.1 PI = 15 0.00092 1.30 0.85 2,356,703 2,168.17

17 W. Silt (ML/CL) 10.0 -140.0 909.0 277.1 115.00 18.1 PI = 30 0.00092 1.10 0.85 2,953,388 2,717.12

18 SM/SW 10.0 -150.0 1100.0 335.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 4,701,001 1,523.12

19 SM/SW 10.0 -160.0 1180.0 359.7 125.00 19.6 PI = 0 0.000324 1.10 0.90 5,409,648 1,752.73

20 SM/SW 10.0 -170.0 1320.0 402.3 125.00 19.6 PI = 0 0.000324 1.10 0.90 6,769,441 2,193.30

H (ft) = 175.0 (Vs)avg (ft/s) = 788.45 T (s) = 0.888 n (-) = 0 c (%) = 1 αR = 0.00 βR = 0.002827
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5 Time Histories Scaled to PHGA = 0.44 g































































































































































































































































Site Response and Seismic Deformation Analysis for Module 11 – Riverbend Landfill
September 1, 2015 Page 6

ATTACHMENT B
(Summary of Seismic Deformation Analysis)
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Attachment B 
Slope Stability Output Files 



1.7

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA1_S-N_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

\\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.5

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA1_S-N_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

\\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.6

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA1_S-N_mod11FG_fnd_DSM.gsz

Horz Seismic Coef.: 0

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11  Liners 

Name: Deep Soil Mix (DSM) 
Model: Undrained (Phi=0) 
Unit Weight: 110 pcf
Cohesion': 14,400 psf
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1.8

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA2_S-N_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8D Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA2_S-N_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.15

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8D Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.8

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA2_S-N_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8D Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA2_S-N_mod11FG_fnd_ky.gsz

Horz Seismic Coef.: 0.08

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8D Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' (Reduced Strength) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (Reduced Strength) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf
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1.6

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA3_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.4

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA3_N-S_mod11FG_fdn.gsz

Horz Seismic Coef.: 0

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: CAC 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 2,500 psf
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1.6

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionA3_N-S_mod11FG_fdn_DSM.gsz

Horz Seismic Coef.: 0

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Deep Soil Mix 
Model: Undrained (Phi=0) 
Unit Weight: 135 pcf
Cohesion': 14,400 psf

Name: CAC 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 2,500 psf
Phi': 0 °
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1.6

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA4_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 8D Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/10/2015
File Name: SectionA4_N-S_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.14

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 8 Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 
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1.5

Title: Riverbend Landfill
Last Edited By: Fabrizio Settepani
Date: 9/15/2015
File Name: SectionA4_N-S_mod11FG_fdn.gsz

Horz Seismic Coef.: 0

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 8D Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 
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1.0

Title: Riverbend Landfill
Last Edited By: Fabrizio Settepani
Date: 9/15/2015
File Name: SectionA4_N-S_mod11FG_fdn_ky.gsz

Horz Seismic Coef.: 0.03

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,700 psf

Name: Silt/Clay Foundation - 0 to 20' (Reduced Strength
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (Reduced Strengt
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Mod. 8D Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner  
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1.8

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/11/2015
File Name: SectionA4_N-S_mod11FG_fdn_DSM.gsz

Horz Seismic Coef.: 0

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 8D Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: DSM 
Model: Undrained (Phi=0) 
Unit Weight: 135 pcf
Cohesion': 14,400 psf
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/8/2015
File Name: SectionA4_N-S_mod11FG_fdn_DSM_ky.gsz

Horz Seismic Coef.: 0.15

Name: ECF 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: RFZ 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: EFF 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 8D Floor Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: DSM 
Model: Undrained (Phi=0) 
Unit Weight: 135 pcf
Cohesion': 14,400 psf
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1.8

Title: Riverbend Landfill
Last Edited By: Fabrizio Settepani
Date: 9/2/2015
File Name: SectionB_E-W_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.0

Title: Riverbend Landfill
Last Edited By: Fabrizio Settepani
Date: 9/2/2015
File Name: SectionB_E-W_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.16

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 
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1.7

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionB_E-W_mod11FG_fnd.gsz

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 9 & 11 Liners 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW
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New Floor
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1.7

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionC_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

Silt/Clay Foundation - 20 to 50'

ECF (NEW) Module 11 Liner
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/11/2015
File Name: SectionC_N-S_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.14

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

Silt/Clay Foundation - 20 to 50'

ECF (NEW) Module 11 Liner
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1.5

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionC_N-S_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Soil Admix 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 2,500 psf
Phi': 0 °

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

Silt/Clay Foundation - 20 to 50'

ECF (NEW) Module 11 Liner

Soil
Admix

Silt/Clay Foundation - 0 to 20' 

Sands and Gravels

Gravelly Foundation

Distance
0 100 200 300 400 500 600 700 800 900

E
le

va
tio

n

50

100

150

200

250

300



1.0

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionC_N-S_mod11FG_fnd_ky.gsz

Horz Seismic Coef.: 0.08

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Soil Admix 
Model: Mohr-Coulomb 
Unit Weight: 135 pcf
Cohesion': 2,500 psf
Phi': 0 °

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

Silt/Clay Foundation - 20 to 50'

ECF (NEW) Module 11 Liner
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1.8Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionD_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 5 Liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/8/2015
File Name: SectionD_N-S_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.18

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 5 Liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.9

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionD_N-S_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 5 Liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionD_N-S_mod11FG_fnd_ky.gsz

Horz Seismic Coef.: 0.14

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 5 Liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Silt/Clay Foundation - 0 to 20' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,750 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.8

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionE_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 9 Liner 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0
Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/8/2015
File Name: SectionE_N-S_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.18

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 9 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 9 Liner 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.4

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionE_N-S_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionE_N-S_mod11FG_fnd_ky.gsz

Horz Seismic Coef.: 0.04

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: Silt/Clay Foundation - 0 to 20' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,850 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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2.3

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionE_N-S_mod11FG_fnd_DSM.gsz

Horz Seismic Coef.: 0

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: DSM 
Model: Undrained (Phi=0) 
Unit Weight: 135 pcf
Cohesion': 14,400 psf

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

MSWECF (NEW)

Mod. 11 Liner

New Final Cover

Phase 1A O-liner
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Mod. 8A Floor
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1.0

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 9/4/2015
File Name: SectionE_N-S_mod11FG_fnd_DSM_ky.gsz

Horz Seismic Coef.: 0.16

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: DSM 
Model: Undrained (Phi=0) 
Unit Weight: 135 pcf
Cohesion': 14,400 psf

Name: Mod. 2&3 Existing FC 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 2&3 Existing FC 

Name: Phase 1A O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Phase 1B O-liner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Mod. 8A Side Slope 
Model: Bilinear 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi 1: 8.5 °
Phi 2: 2.3 °
Bilinear Normal: 7,319 psf

Name: Silt/Clay Foundation - 0 to 20' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,850 psf

Name: New Final Cover 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: New Final Cover 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

MSWECF (NEW)

Mod. 11 Liner

New Final Cover
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1.5

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 4 Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Module 4 Liner - Side Slope 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 10 °

Name: Module 8A Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: 2015 MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 3 Overliner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

\\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

Riverbend Section F
WG1866A

Title: Riverbend Slope Stability
File Name: SectionF_N-S_mod11FG_liner.gsz

Horz Seismic Load: 0 g
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1.0

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 4 Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Module 4 Liner - Side Slope 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 10 °

Name: Module 8A Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: 2015 MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 3 Overliner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\New folder\

Riverbend Section F
WG1866A

Title: Riverbend Slope Stability
File Name: SectionF_N-S_mod11FG_liner_ky.gsz

Horz Seismic Load: 0.1 g
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1.7

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 4 Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Module 4 Liner - Side Slope 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 10 °

Name: Module 8A Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: 2015 MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Foundation Soils - 0 to 20 ft bgs
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Foundation Soils - 20 to 50 ft bg
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Gravelly Foundation Soil 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Module 3 Overliner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

\\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

Riverbend Section F
WG1866A

Title: Riverbend Slope Stability
File Name: SectionF_N-S_mod11FG_fnd.gsz

Horz Seismic Load: 0 g
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1.0

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Module 4 Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Module 4 Liner - Side Slope 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 10 °

Name: Module 8A Liner - Floor 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: 2015 MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Gravelly Foundation Soil 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Module 3 Overliner 
Model: Mohr-Coulomb 
Unit Weight: 100 pcf
Cohesion': 0 psf
Phi': 8.5 °

Name: Foundation Soils - 0 to 20 ft bgs (Reduced Strength) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Foundation Soils - 20 to 50 ft bgs (Reduced Strength)
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,750 psf

P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\New folder\

Riverbend Section F
WG1866A

Title: Riverbend Slope Stability
File Name: SectionF_N-S_mod11FG_fnd_ky.gsz

Horz Seismic Load: 0.11 g
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1.9

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionG_N-S_mod11FG_liner.gsz

Horz Seismic Coef.: 0

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8C Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 1 Oliner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 1 Overliner 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0

Title: Riverbend Landfill
Last Edited By: Jacquelyn Allmond
Date: 9/8/2015
File Name: SectionG_N-S_mod11FG_liner_ky.gsz

Horz Seismic Coef.: 0.19

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8C Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod. 1 Oliner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 1 Overliner 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\

MSW

MSWECF (NEW)

Mod. 11 Liner
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1.6

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionG_N-S_mod11FG_fnd.gsz

Horz Seismic Coef.: 0

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Silt/Clay Foundation - 0 to 20' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,000 psf
C-Rate of Change: 15 (lbs/ft²)/ft
C-Maximum: 1,300 psf

Name: Silt/Clay Foundation - 20 to 50' 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,300 psf
C-Rate of Change: 20 (lbs/ft²)/ft
C-Maximum: 1,900 psf

Name: Sands and Gravels 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8C Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Mod.1 Oliner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 1 Overliner 

Directory: \\Oakland-01\data\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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1.0

Title: Riverbend Landfill
Last Edited By: Brian Martinez
Date: 8/26/2015
File Name: SectionG_N-S_mod11FG_fnd_ky.gsz

Horz Seismic Coef.: 0.07

Name: ECF (New) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,600 psf

Name: Gravelly Foundation 
Model: Mohr-Coulomb 
Unit Weight: 125 pcf
Cohesion': 0 psf
Phi': 35 °

Name: Bedrock 
Model: Bedrock (Impenetrable) 

Name: MSW 
Model: Bilinear 
Unit Weight: 81 pcf
Cohesion': 500 psf
Phi 1: 0 °
Phi 2: 33 °
Bilinear Normal: 770 psf

Name: Mod. 8C Floor 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 8B, 8C, and 8D Liner 

Name: Mod. 11 Liner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mods. 9 & 11 Liners 

Name: Silt/Clay Foundation - 0 to 20' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 800 psf
C-Rate of Change: 12 (lbs/ft²)/ft
C-Maximum: 1,040 psf

Name: Silt/Clay Foundation - 20 to 50' (20% Reduced) 
Model: S=f(depth) 
Unit Weight: 115 pcf
C-Top of Layer: 1,040 psf
C-Rate of Change: 16 (lbs/ft²)/ft
C-Maximum: 1,520 psf

Name: Sands and Gravels (Liquefied) 
Model: Undrained (Phi=0) 
Unit Weight: 125 pcf
Cohesion': 1,750 psf

Name: Mod. 1 Oliner 
Model: Shear/Normal Fn. 
Unit Weight: 100 pcf
Strength Function: Mod. 1 Overliner 

Directory: P:\PRJ2003Geo\WMI\Riverbend\1866 (Phase II MSE Berm Western Northern Expansion)\Stability\Report 20150824\Stability Runs\
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