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Purpose of Calculation 
The purpose of this calculation is to determine the stability of the Gypsum Pond dike under various 
loading conditions as prescribed by the EPA CCR Rule.  

Summary of Conclusions 
 
The analyses determined that the factors of safety of the Gypsum Pond met or exceeded the 
minimum criteria set forth in the CCR Rule. The results are summarized in the following table. 
 

Factor of Safety Summary Table 
 

Loading Condition Factor of Safety 
(FOS) Minimum FOS 

Long-term, Maximum Storage Pool 2.54 1.50 

Maximum Surcharge Pool 2.61 1.40 

Seismic 1.85 1.00 

 

Methodology 
 
The calculation was performed using the following methods and software: 
 
GeoStudio 2012 (Version 8.15.5.11777), August 2015 Release, Copyright 1991-2016, GEO-
SLOPE International, Ltd.  The Morgenstern-Price analytical method was used. 
 
Strata (Version alpha, Revision 0.2.0), Geotechnical Engineering Center, Department of Civil, 
Architectural, and Environmental Engineering, University of Texas. 

Assumptions and Criteria 
Loading conditions inferred by the three criteria were assumed to be as follows: 
 

• Long term, maximum storage pool: The maximum pool elevation the pond will maintain 
under normal operating conditions 

• Maximum storage pool: The maximum pool that the pond can retain with no freeboard, but 
with the phreatic surface not affected from normal operating conditions 

• Seismic site response was determined using a one-dimensional equivalent linear site 
response analysis.  The analysis was performed using Strata and utilizing random vibration 
theory. The input motion consisted of the USGS published 2008 Uniform Hazard Response 
Spectrum (UHRS) for Site Class B/C at a 2% Probability of Exceedance in 50 years.  The 
UHRS was converted to a Fourier Amplitude Spectrum, and propagated through a 
representative one dimensional soil column using linear wave propagation with strain-
dependent dynamic soil properties.  The input soil properties and layer thickness were 
randomized based on defined statistical distributions to perform Monte Carlo simulations 
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for 100 realizations, which were used to generate a median estimate of the surface ground 
motions. 

• The median surface ground motions were then used to calculate a pseudostatic seismic 
coefficient for utilization in the stability analysis using the approach suggested by Bray and 
Tavasarou (2009).  The procedure calculates the seismic coefficient for an allowable 
seismic displacement and a probability exceedance of the displacement.  For this analysis, 
an allowable displacement of 0.5 ft, and a probability of exceedance of 16% were 
conservatively selected, providing a seismic coefficient of 0.067g for use as a horizontal 
acceleration in the stability analysis 

 

Design Inputs/References 
• The design parameters for the materials comprising the gypsum pond dike were 

obtained from construction documents and laboratory test results. 
• Dike geometry was determined by reviewing section drawings from the design phase of 

the pond construction, and from recent LiDAR and bathymetric surveys.  
 

Body of Calculation 
 Slope/W modeling is attached. 
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Maximum Storage Pool
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Maximum Surcharge Pool
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Seismic Loading
Kh = 0.067g
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