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CHRIN LANDFILL STABILITY EVALUATION

Introduction

EarthRes Group, Inc. (EarthRes) completed a slope stability evaluation of the non-failed slopes
at the Chrin Brothers Landfill (Chrin). The purpose of the analysis was to estimate slope
stability factors of safety with respect to the {iner system for landfill areas that did not exhibit
movement during the March 12, 2013 landfill slide at Chrin. The analysis considered six (6)
locations across the length of the landfill. The locations analyzed were selected to be
representative of the variable characteristics of the landfill that are important in evaluating liner
system strength and stability. These conditions include such factors as liner system components,
waste depths and slope geometry.

Stability analyses were completed for both existing grade conditions and for proposed final grade
conditions in areas where filling has not yet reached permitted final grades. EarthRes analyzed
stability under static loading conditions and also considered stability under a range of seismic
(earthquake) acceleration values at each location. The following report sections outline the
analysis procedures and present the resulting factors of safety.

Analysis Method and Procedure

A total of six (6) representative cross-sections were selected for analysis based on the criteria
discussed above. As is the case with most modern landfiils, the Chrin landfill has been
constructed in fill area increments or “stages” over its years of operation. During that time
period, the geosynthetic materials used in the landfill liner system has changed, as have the
manufacturers and configuration. As a result, any given stage of the landfill may have liner
system materials that are somewhat different than those in other stages. Likewise, the landfill
base grades and slope geometry also vary with each stage. This variability is primarily a result
of the original topography of the property before the landfill was constructed. Each cross-section
analyzed considered the stage-specific liner system(s) installed in that section.

Cross-section geometry and liner system components were determined based on Pennsylvania
Department of Environmental Protection (PA DEP) permit application documents, as-built
construction information and topographic mapping showing current fill grades. The section
geometry was imported directly from AutoCAD into SLIDE® slope stability analysis software,
an industry-accepted slope stability analysis program developed by Rocscience, The cross-
section locations and respective liner systems are shown on Figures 1 and 2 respectively in
Appendix A. Two-dimensional stability models were developed for each section and each case
(static and seismic). The liner systems were input as a single soil layer in the model so that
strength properties and other parameters could be assigned.
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Based upon the configuration of the landfill slopes and the mode of slope movement in the
March 2013 slide at Chrin, the analyses were focused on a sliding block failure mode within the
landfill liner system. The liner system(s) in each section was modeled as a weak soil layer using
the appropriate area-specific shear strength parameters for model input. Sliding block failure
was analyzed using the Morgenstern-Price solution method in SLIDE®. Strength data from
laboratory tests for the liner system was input into SLIDE® using the shear/normal function in
the program to model the laboratory data strength envelope which accounts for shear strength
varying with normal stress (waste depth on the liner system). Model input data for liner system
shear strength is provided in Appendix B. Peak shear strengths were applied to base areas and
residual (large displacement) shear strengths were applied to side slopes in the models.

Seismic stability analyses included evaluation under two different seismic loading conditions.
The first analysis considered the estimated ground acceleration at Chrin during the 2011
carthquake centered near Mineral, Virginia. This earthquake has been identified by Tim Stark,
PhD as the triggering event for the March 2013 landfill slide at Chrin. In his study of the slide at
Chrin, Dr. Stark estimated a ground acceleration of 0.03g at the site. EarthRes applied this factor
to the models for each section and calculated the resulting factors of safety. Additionally,
EarthRes applied a much greater seismic acceleration, 0.11g, to the models to evaluate the
factors of safety using current standards required for new landfill design. Results of the analyses
are discussed below.

Analysis Results

The results of the analyses are summarized in Table 1 below. Static factors of safety range from
1.3 for Section A to 2.8 in Section F under existing grade conditions and a value of 2.7 under
permitted final grade conditions. Under seismic loading, using the estimated 2011 Virginia
earthquake acceleration of 0.03g, factors of safety range from 1.1 in Section A to 2.4 in Section
F. When considering a landfill design earthquake acceleration of 0.1 1g, the calculated factor of
safety for all sections are greater than 1.0, with the exception of Section A which yiclded a factor
of safety value of 0.9. Model output sheets for each section are provided in Appendix C.
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EXISTING PERMITTED EXISTING PERMITTED EXISTING PERMITTED
SECTION GRADE GRADE GRADE GRADE GRADE GRADE

A 1.3 N/A 1.1 N/A 0.9 N/A
B 1.7 N/A 15 N/A Li N/A
C 1.7 N/A 15 N/A 1.2 N/A
D 1.6 1.5 14 14 1.0 1.0
E 1.5 1.7 14 1.5 1.0 1.2
F 2.8 2.7 2.4 2.3 1.7 1.6

Table | - Factors of Safety

Summary and Conclusions

Results from the analysis of the six (6) cross-sections indicate calculated static factors of safety
greater than 1.3 for all six sections. Therefore, the liner systems in areas of the landfill that have
not shown evidence of movement after the 2011 earthquake and 2013 slope failure are expected
to remain stable under static conditions. Under seismic (earthquake) loading conditions, the
analyses confirmed that these areas would be stable under seismic loading conditions of the same
or lesser ground acceleration induced by the 2011 Virginia earthquake.

Using a design earthquake of 0.1 1g acceleration (roughly 3.5 times the acceleration estimated for
the 2011 Virginia earthquake), as would be required for new landfill construction, the calculated
factors of safety for all sections except section A are 1.0 or greater. The Section A model results
indicate a factor of safety of 0.9 for this seismic condition. Based on sensitivity analyses
performed by EarthRes on this particular cross-section using multiple seismic acceleration values
with SLIDE®, the factor of safety for this section is greater than unity (1.0) for seismic events
with ground accelerations up to approximately 0.09g, roughly three times the acceleration from
the earthquake that triggered the 2013 slide.

Chrin should continue regular monitoring of the unaffected area in the vicinity of Section A
using the current methods of field surveys and visual inspection for evidence of movement.
More detailed and frequent inspections should be conducted immediately following any regional
seismic (earthquake) events or if any evidence of ground cracking or movement is observed.
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Limitations

Based on the observed mode of slope failure in Stages 3D and 3E (liner system failure), this
analysis was limited to an evaluation of slope stability (potential for slope failure) due to
inadequate strength of the liner system in the areas not affected by the 2013 slide. The
evaluation of potential for slope failure in different modes or due to other conditions was not
considered and is beyond the scope of this report. EarthRes has performed this evaluation in a
professional manner using that degree of skill and care exercised for similar projects under
similar conditions by reputable and competent consultants. The conclusions provided are based
solely on the observations, references and methods described herein. In performing this analysis,
EarthRes relied on data provided by others and made reasonable efforts to verify the accuracy of
such data.
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Chrin Landfill Slope Stability Evaluation

Shear/Normal Functions Used as Input in Stability Analyses

4400 1709 4400 2503
8800 2488 8800 4392
13200 3687 13200 6029
17600 4345 17600 7720

4400 1580

8800 2860
13200 2895

17600 3429
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