
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL EXPLORATION SERVICES 
 

SLOPE STABILITY AND LIQUEACTION POTENTIAL ANALYSIS 
PROCESS POND IMPOUNDMENT DIKES 

DEERHAVEN GENERATING STATION (DGS)   
10001 NW 13th STREET 

GAINESVILLE, ALACHUA COUNTY, FLORIDA  
 
 
 
 

PROJECT NO. 0230.1500077 
REPORT NO. 1251804 

 
 
 
 

Prepared For: 
 

Innovative Waste Consulting Services, LLC 
6628 NW 9th Boulevard, Suite 3 

Gainesville, Florida 32608 
 
 
 
 

Prepared By: 
 

Universal Engineering Sciences 
4475 SW 35th Terrace 

Gainesville, Florida 32608 
(352) 372-3392 

 
 

November 20, 2015 
 
 

Consultants in: Geotechnical Engineering • Environmental Sciences • Construction Materials Testing 
Offices in: Orlando • Gainesville • Ocala • Fort Myers • Merritt Island • Daytona Beach • West Palm Beach 

UNIVERSAL 
ENGINEERING SCIENCES 



 

 
 

4475 SW 35th Terrace, Gainesville, Florida 32608 ● Office (352) 372-3392 ● Fax (352) 336-7914 
 
 
 

Consultants in:  Geotechnical Engineering • Environmental 
Engineering • Construction Materials Testing • Threshold Inspection 

ENGINEERING SCIENCES 

 

 

UNIVERSAL 
 

OFFICES IN 
• Atlanta, GA 
• Daytona, FL 
• Fort Myers, FL 
• Ft. Pierce, FL 
• Gainesville, FL 
• Jacksonville, FL 
• Leesburg, FL 
• Miami, FL 
• Ocala, FL 
• Orlando, FL 
• Palm Coast, FL 
• Panama City, FL 
• Pensacola, FL 
• Rockledge, FL 
• Sarasota, FL 
• Tampa, FL 
• West Palm Beach, FL 
 

November 20, 2015 
 
Innovative Waste Consulting Services, LLC 
6628 NW 9th Boulevard, Suite 3 
Gainesville, FL 32608 
 
Attention:         Dr. Pradeep Jain, PhD., P.E. 
 
Reference:      Report of Geotechnical Consulting Services 
  Deerhaven Generating Station  

Process Ponds/Impoundment Dikes 
Slope Stability and Liquefaction Potential Analysis  

  10001 NW 13th Street  
  Gainesville, Alachua County, Florida 
  UES Project No. 0230.1500077 

UES Report No. 1251804 
 

Dear Dr. Jain: 
 
Universal Engineering Sciences, Inc. (UES) has completed the geotechnical engineering 
services for the subject project in Gainesville, Alachua County, Florida. This geotechnical 
Report is submitted in satisfaction of the contracted scope of services as summarized in UES 
Proposal No. 1174050, dated June 15, 2015.  
 
The following report presents the results of our Geotechnical Exploration, Slope Stability 
Evaluation and Liquefaction Potential Analysis for the four process water ponds at the 
Deerhaven Generating Station. This plan was prepared under the supervision, direction and 
control of the undersigned registered professional engineer (PE).  The undersigned PE is 
familiar with the requirements of 40 CFR 257.73(e).  The undersigned PE certifies that this initial 
safety factor assessment meets the requirements of 40 CFR 257.73(e)(1).  This certification 
was prepared per the requirement of 40 CFR 257.73(e)(2). 
 
 We appreciate the opportunity to have worked with you on this project and look forward to a 
continued association. Please contact us if you have any questions, or if we may further assist 
you as your plans proceed. 
 
Sincerely, 
 

UNIVERSAL ENGINEERING SCIENCES, INC. 
Certificate of Authorization Number 549 

        Reviewed by: 
 

          
        For/ 
Eduardo Suarez, P.E.       Jeffrey S. Pruett, P.E.  
Senior Geotechnical Engineer     Vice President     
Florida P.E. No. 60272      Florida P.E. No. 50775 
Date:        
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EXECUTIVE SUMMARY 
 
We have prepared this executive summary as a general overview. Please refer to, and 
rely on, the full report for information about findings, recommendations, and other 
considerations.  
 
The Deerhaven Generating Station is located in Gainesville, Alachua County, Florida. The 
Deerhaven coal combustion impoundments consist of process water ponds divided in four cells 
that receive process water from plant operation. 
 
The purpose of this geotechnical consulting services was to evaluate the subsurface condition 
of the process water ponds and to perform slope stability analysis and liquefaction potential 
analysis of the existing process ponds impoundment dikes.   
 
The general profile depicts horizons or layers that are in the stratigraphy sequence of 
descending lithology as described below. The slope stability sections presents these layers in 
graphical manner.The site topography ranges from an elevation of +180, NGVD to elevation 
+195, NGVD. The soils consists of silty sand [SM] to approximate elevations of +186 to +184 
feet and +180 to +175 feet, NGVD, and a clayey sand to sandy clay [SC/CH] liner to elevations 
to +184 to +180 feet, NGVD. Based on the SPT-N values and laboratory strength testing, the 
silty sands have relative densities of loose to medium dense to very dense and the clayey soils 
have relative densities of medium dense to very stiff. 
 
Groundwater levels were measured between 4 and 20.5 feet below existing site grades at the 
time of drilling (approximate elevations +182 to +193 feet, NGVD). Typically, fluctuations in 
groundwater levels should be anticipated throughout the year, primarily due to seasonal 
variations in rainfall, surface runoff, and other specific site factors that may vary from the time 
the soil test borings were conducted. 
 
Based on our field exploration, laboratory testing program and site topography information, the 
factors of safety against slope failure for two loading conditions (long-term, maximum storage 
pool loading condition and maximum surcharge pool loading condition) as well as the factor of 
safety against liquefaction potential exceed the requirements presented in the Federal Register, 
Volume 80, Number 74, Part II, April 17, 2015.   The site is not considered to be located in a 
seismic zone; therefore a seismic factor of safety was not estimated for the surface 
impoundment.  
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1.0 INTRODUCTION 
 
Universal Engineering Sciences, Inc. (UES) has completed a geotechnical exploration, slope 
stability and liquefaction potential analysis for the process ponds at the existing Deerhaven 
Generating Station (DGS) in Gainesville, Alachua County, Florida.  
 

2.0 PROJECT CONSIDERATIONS 
 
The geotechnical exploration and slope stability analysis was planned and executed based on 
the United States Environmental Protection Agency’s Request for Action Plan regarding 
Gainesville Regional Utilities – Deerhaven Power Plant, dated June 2, 2014.   
 
The subject site is located within Sections 26 and 27, Township 8 South, Range 19 East in 
Gainesville, Alachua County, Florida. The Deerhaven Generating Station (DGS) is located 
approximately 1.25 miles north of NW 43rd Street along the north side of US HWY 441, in 
Gainesville, Alachua County, Florida. More specifically, the property is an approximately 930-
acre parcel of land located at 10001 NW 13th Street in Gainesville, Alachua County, Florida. 
 
The process ponds are situated just northeast of the generating facility. The process ponds are 
connected to the main plant by roadways that support asphalt/limerock base access roads. The 
process pond area is approximately 16 acres in area and is adjacent to wooded areas. The top 
of the ponds are at or near elevation +195 feet which is nearly 150 feet above the potentiometric 
surface level. The slopes vary in steepness from 3H: 1V to 4H: 1V throughout the sides of the 
process pond area. The slopes are vegetated with grass along the exterior, and covered with 
rock/boulders along the interior slopes. Moderately dense wooded areas surround much of the 
Deerhaven Generating Station (DGS). There are some water management areas/swales at the 
south side of the process pond area.  
  
If any of the above information is incorrect or changes, please contact UES immediately so that 
revisions to the recommendations contained in this report can be made, as necessary. 
 

3.0 PURPOSE AND SCOPE OF SERVICES 
 
3.1 Purpose 
 
The purposes of this exploration were: 
 

 to explore and evaluate the subsurface conditions within the suggested areas to gather 
information concerning the soil conditions on and around the existing process ponds 
impoundment dikes, 

 
 to conduct a selected laboratory soil testing program to aid in the classification of the 

prevailing site soils and with the evaluation of relevant soil strength and engineering 
properties, 

 
 to perform slope stability analysis, and liquefaction potential analysis of the existing 

process ponds impoundment dikes. 
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3.2 Scope of Service 
  
A compilation of the services conducted by UES to date for the subsurface exploration program 
and slope stability analysis for the process ponds impoundment dikes at the existing Deerhaven 
Generating Station (DGS) in Alachua County, Florida are as follows: 
 

 Advanced six (6) Standard Penetration Test (SPT) borings (B-1 through B-6) in the 
impoundment dikes areas to depths of 25 feet below existing land surface (bls). 

 
 Collected four (4) Shelby Tube samples for Direct Shear and Triaxial Testing.  

 
 Secured samples of representative soils found in the soil borings for laboratory analysis 

and classification by one of our geotechnical engineers. 
 

 Measured the existing site groundwater levels at the boring locations. 
 

 Conducted laboratory tests on selected disturbed and “undisturbed” core/soil samples 
obtained in the field to evaluate their engineering properties. 

 
 Installed six (6) groundwater observation wells/piezometers at the boring locations. 

 
 Prepared a report which documents the results of our subsurface exploration and slope 

stability/liquefaction potential analysis. 
 

4.0 LITERATURE REVIEW 
 
We reviewed commonly available references for general information about the property along 
the proposed project. A Site Location Map and a USGS Map is included in Appendix A. 
 
4.1 Soil Survey 
 
Based on the Soil Survey for Alachua County, Florida, as prepared by the US Department of 
Agriculture, Natural Resource Conservation Service, the predominant soil types at the site are 
identified as Pomona and Surrency soil (Thomas 1985). A summary of characteristics of these 
soil series was obtained from the Soil Survey and have been presented in Table 1. 
 

Table 1 
Summary of NRCS Soil Survey Information 

Soil Type Constituents Classification 
% Passing 
200 sieve 

Soil Permeability 
(Inches/Hr) 

Seasonal 
High Water 

Table 

14-
Pomona 

0-5”    -  Sand  
5-16”  -  Sand,  fine sand 
16-24” - Sand,  fine sand 
24-43” - Sand , fine sand 
43-84” - Sandy clay loam, 
sandy loam, sandy clay 

SP, SP-SM 
SP, SP-SM 
SP-SM, SM 
SP, SP-SM 

SC, SM-SC, SM 

2-12 
2-12 
5-15 
2-12 
25-50 

6.0 - 20 
6.0.- 20 
0.6 - 20 
2.0 - 2.0 
0.2 - 20 

0 to 1’ 
 Apparent  

16 - 
Surrency  

0-28” – Sand    
28-44” – Sandy loam, sandy 
clay loam 
44-80” – Sandy clay loam 

SM 
SM, SM-SC, SC 

 
SM, SM-SC, SC 

10-26 
22-35 

 
30-44 

2.0 – 20 
0.6 – 6.0 

 
0.06 – 2.0 

0 to 0.5’ 
 Apparent  
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4.2 Topography  
 
According to information obtained from the United States Geologic Survey (USGS) Florida, the 
natural ground surface elevation across the general site area ranges between approximately 
+175 feet to +185 feet NGVD. A copy of a portion of the USGS Map for the site area is included 
in Appendix A. 
 
4.3 Geology  
 
The general geology of central Alachua County is characterized by a surface veneer of 
Pleistocene and Pliocene sands and sandy clays overlying the Miocene-age Hawthorn Group. 
The Hawthorn Group includes a highly variable mixture of interbedded quartz sands, clays, 
carbonates, pebbles and grains occurring with thicknesses of up to 150 feet.  
 
The general hydrogeology of Alachua County consists of three aquifer systems; a surficial 
aquifer, and intermediate aquifer, and the Floridan Aquifer system. The surficial aquifer exists as 
an unconfined water table situated over the impermeable Hawthorn Group and is usually a 
subdued reflection of surface topography. The intermediated aquifer system includes all rocks 
that collectively retard the exchange of water between the overlying surficial aquifer system and 
the underlying Floridan aquifer system. Water in this system is contained under confined 
conditions. The Floridan aquifer system is a thick, carbonate sequence that functions regionally 
as a water-yielding hydraulic unit. Water exists under confined conditions. 
 
Information obtained from the USGS Potentiometric Surface Map dated May 2009 suggests the 
potentiometric level of the Floridan Aquifer in the general area of the project site to be in the 
elevation range of +40 to +50 feet, NGVD (SJRWMD 2009). 
 

5.0 FIELD EXPLORATION 
 
5.1 General 
 
The soil borings were performed with a truck-mounted drill rig. The general locations of the soil 
borings were selected based on the height of the embankments, as well as the observed 
moisture and/or potential seepage along some areas of the embankments. The approximate 
locations of the borings are shown on the Boring Location Plan presented in Appendix B. UES 
received horizontal and vertical control data for each boring which is presented in tabular form, 
Boring Survey Control, in Appendix B with ground surface elevations also presented on the 
boring logs.  
 
5.2 Standard Penetration Test Borings 
 
The Standard Penetration Test (SPT) borings were performed in general accordance with the 
procedures of ASTM D 1586 (Standard Method for Penetration Test and Split-Barrel Sampling 
of Soils). Continuous sampling was performed within the upper 10 feet. The SPT drilling 
technique involves driving a standard split-barrel sampler into the soil by a 140-pound hammer, 
free falling 30 inches. The number of blows required to drive the sampler 1 foot, after an initial 
seating of 6 inches, is designated the penetration resistance, or N-value, an index to soil 
strength and consistency.  
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5.3 Groundwater Observation Level/Piezometers 
 
UES installed six (6) piezometers (PZ-1 and PZ-6) completed to depths of 6 to 12 feet at the 
borehole locations. The piezometers were completed with 2” PVC riser material connected to a 
section of 0.010-inch slot screen, 6/20 clean washed silica sand was placed around the annulus 
of the screen to at least two feet above the screen. A 30/60 fine sand seal was placed on top of 
the 6/20 silica sand pack to the ground surface.  
 
5.4  Undisturbed Sampling 
 
SPT borings were used to provide access for the Shelby tubes to collect undisturbed soils 
samples. Four (4) undisturbed samples were collected for shear testing of cohesive soils. The 
ASTM procedure of Thin Walled Sampling Soils, ASTM-D-1578-13, was used to collect 
undisturbed soil samples.  
 

6.0 LABORATORY TESTING 
 

6.1 Visual Classification  
 

The soil samples recovered from the soil test borings were returned to our laboratory where an 
engineer visually reviewed the field descriptions in accordance with ASTM D-2488. We then 
selected representative soil samples for laboratory testing. Using the results of the laboratory 
tests, our visual examination, and our review of the field boring logs we classified the soil 
borings in accordance with the current Unified Soil Classification System (USCS).  
 
6.2 Index Testing 
 
Laboratory testing was performed on selected samples of the soils encountered in the field 
exploration to better define soil composition and properties. Testing was performed in 
accordance to ASTM procedures and included Grain Size Analysis (ASTM D-422,                       
Percent Passing No. 200 Sieve (ASTM D-1140), Moisture Content (ASTM D-2216), Atterberg 
Limits (ASTM D-4318), Consolidated Drained (ASTM D-7181) and Undrained Triaxial Tests 
(ASTM D-4767) and Direct Shear Test (ASTM D-3080). The test results have been presented 
on the attached Boring Logs.  
 
The laboratory classification data is presented on the Boring Logs at the approximate depth 
sampled in Appendix B. All laboratory data is summarized and report sheets included in 
Appendix C. In addition, the detailed laboratory test procedures are enclosed in Appendix C. 
 

7.0 SOIL STRATIGRAPHY 
 
7.1 Generalized Soil Profile 
 
The general profile depicts horizons or layers that are in the stratigraphy sequence of 
descending lithology as described below. The slope stability sections present these layers in 
graphical manner.The site topography ranges from an elevation of +180, NGVD to elevation 
+195, NGVD.  
 
The soils consists of silty sand [SM] to approximate elevations of +186 to +184 feet and +180 to 
+175 feet, NGVD, and a clayey sand to sandy clay [SC/CH] liner to elevations to +184 to +180 
feet, NGVD. Based on the SPT-N values and laboratory strength testing, the silty sands have 
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relative densities of loose to medium dense to very dense and the clayey soils have relative 
densities of medium dense to very stiff. 
 
The results of our field exploration and laboratory analysis, together with pertinent information 
obtained from the SPT, such as soil profiles, penetration resistance and stabilized groundwater 
levels are shown on the boring logs included in Appendix B. The Key to Boring Logs is also 
included in Appendix B. The soil profiles were prepared from field logs after the recovered soil 
samples were visually classified by a member of our geotechnical staff. The stratification lines 
shown on the boring logs represent the approximate boundaries between soil types, and may 
not depict exact subsurface soil conditions. The actual soil boundaries may be more transitional 
than depicted. 
 

8.0 GROUNDWATER CONSIDERATIONS 
 
8.1 Existing Groundwater Level 
 
Groundwater levels were measured between 4 and 20.5 feet below existing site grades at the 
time of drilling (approximate elevations +182 to +193 feet, NGVD). Typically, fluctuations in 
groundwater levels should be anticipated throughout the year, primarily due to seasonal 
variations in rainfall, surface runoff, and other specific site factors that may vary from the time 
the soil test borings were conducted. Additional water table elevation can be seen in the table 
below: 
 

Table 2 – Groundwater Elevations 
 

Boring 
Location 

 
Top of 

Piezometer 
Elevation 

Feet (NGVD) 

Ground 
Surface 

Elevation¹  
Feet (NGVD) 

Piezometer 
Depth Below 

Ground 
Surface 

Elevation, Feet 

 
Groundwater Level Readings Water 

Table 

Elevations (NGVD) 

 
No. 

 
July 17/15 

 
July 30/15 

B-1 198.67 195.30 12 192.02 193.07 

B-2 198.85 195.42 12 187.35 188.00 

B-3 198.72 195.17 12 185.77 186.77 

B-4 197.90 194.60 8 186.65 187.30 

B-5 191.41 188.1 6 184.96 186.56 

B-6 191.70 188.40 6 182.40 184.95 
 
Notes:  1.-Ground surface elevations are estimated based on topography maps provided by IWCS          

                   

        
8.2 Typical Wet Season Groundwater Level  
 
The typical wet season groundwater level is defined as the highest groundwater level sustained 
for a period of 2 to 4 weeks during the "wet" season of the year, for existing site conditions, in a 
year with average normal rainfall amounts. Based on historical data, the rainy season in 
Alachua County, Florida typically occurs between June and September.  
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To estimate the wet season groundwater level at the soil test boring locations, many factors 
may be considered, such as the following: 
 

a. Measured groundwater level 
            b. Drainage characteristics of existing soil types 

c. Season of the year (wet/dry season) 
d. Current & historical rainfall data (recent and year-to-date) 
e. Natural relief points (such as lakes, rivers, swamp areas, etc.) 
f. Man-made drainage systems (ditches, canals, etc.) 
g. Distances to relief points and man-made drainage systems 
h. On-site types of vegetation 
i. Area topography (ground surface elevations) 
j: Available Published Data 

  
Based on the groundwater levels encountered, the historical rainfall data, our review of our 
regional hydrogeology and the Alachua County Soil Survey, we estimate that the typical wet 
season groundwater levels around the process ponds will range approximately 4 to 6 feet below 
much of the existing land surface (approximate elevations +180 feet, NGVD).  
 
As mentioned previously, we found shallow deposits of silty sands across the site during our site 
exploration. Due to the poor permeability characteristics of these silty soils, these soils tend to 
act as an aquiclude (a sediment through which groundwater can not pass easily) to the natural 
infiltration of the rainwater. Therefore, surface water will most likely temporarily perch on top of 
these relatively impermeable soils causing isolated areas with temporary groundwater levels 
significantly higher during periods of heavy rainfall or artificial irrigation. 
  
It should be noted however that peak stage elevations immediately following various intense 
storm events, may be somewhat higher than the estimated typical wet season levels. Further, it 
should be understood that changes in the surface hydrology and subsurface drainage from on-
site or off-site improvements could have significant effects on the normal and seasonal high 
groundwater levels. 
 

9.0 ASSESSMENT SAFETY FACTORS  
 
Our assessment program included calculating factors of safety under specific loading conditions 
to determine the stability of the existing surface impoundment dikes.  Static, Seismic and 
Liquefaction factors of safety were evaluated following the requirements established by 
Environmental Protection  Agency (EPA) in 40 CFR Part 257 and 261 – Hazards and Solid 
Waste management System; Disposal of Coal Combustion Residuals from Electric Utilities. 
 
Accordingly the following minimum factor of safety should be achieved;  

 Long-term- maximum storage pool loading conditions must equal or exceed 1.50 
 Maximum surcharge pool loading conditions must equal or exceed 1.40  
 Seismic Factor must equal or exceed 1.00 
 Liquefaction factor of safety must equal or exceed 1.2 

 
Seismic Impact zones means an area having a 2% or greater probability that the maximum 
expected horizontal acceleration, expressed as a percentage of the earth’s gravitational pull (g), 
will exceed 0.10 g in 50 years. Based on the USGS Hazards map included in Appendix D, the 
maximum expected horizontal acceleration in the impoundments is less than 0.02 g. Therefore 
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the site is not considered to be located in a seismic impact zone. A seismic stability analysis 
was, therefore, not conducted for these impoundments.  

 
9.1 Slope Stability Analysis 

 
The process ponds are situated just northeast of the generating facility. The process ponds are 
accessible from the main plant by asphalt/limerock base access roads. The process pond area 
is approximately 16 acres and is adjacent to wooded areas. The top of the ponds are at or near 
elevation +195 feet which is nearly 150 feet above the potentiometric surface level (Floridan 
Aquifer). The slopes vary in steepness from 3H: 1V to 4H: 1V throughout the sides of the 
process pond area. The slopes are vegetated with grass along the exterior, and covered with 
rock/rip-rap along the interior slopes. Moderately dense wooded areas surround much of the 
Deerhaven Generating Station (DGS). There are some water management areas/swales at the 
south side of the process pond area. 
 
The purpose of the stability analysis was to determine the minimum factor of safety of several 
potential failure surfaces for critical cross sections. Stability analysis determines whether the 
existing slope meets the safety requirements. Conventional limit equilibrium methods of slope 
stability analysis were used to evaluate the equilibrium of soil/fill mass to move under the 
influence of gravity. We developed the parameters used in our slope stability evaluation from 
the information obtained during our field exploration and laboratory testing program, from the 
site topographic information provided by Innovative Waste Consulting Services, LLC. The slope 
stability analysis also considered a maintenance truck on top the berm with an axle load of 
16,000 pounds. 
 
9.1.1 Geometry 
 
Based on drawings received, we developed an internal geometry for the cross sections 
analyzed. Selections of the cross sections were based on the steepness of slope, height of the 
fill, phreatic level and subsurface conditions. Based on these conditions six critical cross 
sections were determined to be the most critical cross sections for the stability for the DGS 
process ponds. 
 
9.1.2 Failure Modes  
 
Two potential failure scenarios were studied to evaluate if the process ponds meet the required 
factor of safety against global slope failure: 
 
Foundation Stability: Circular failure surfaces extending through the process ponds and into the 
foundation soils were generated and evaluated by STABLE/G. Factor of safety values were 
evaluated using the “Janbu” and “Bishop” methods. 
 
Face Stability: Small circular failure surfaces extending through the process pond soils, 
including the grass covered surficial layer, were generated and evaluated by STABLE/G. Factor 
of safety values were evaluated using the Janbu method. 
 
9.1.3 Failure Conditions 
 
A major consideration in characterizing shear strength is determining whether the soil/fill mass 
will be drained or undrained for each condition. Stability analyses during construction and at the 
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end of construction are usually performed using drained strength in free-draining materials and 
undrained strengths in materials that drain slowly.  
 
9.1.4 Materials Properties 
 
Soil strength parameters were obtained from laboratory testing performed on representative 
samples taken from the project site. Below is a summary of the soil materials properties and 
strength parameters for the layers at the DGS process ponds project site. Most of the index and 
shear strength parameters were chosen based on the field and laboratory test performed.  
Certain parameters were selected based on the work by others as noted. 
 

Medium dense Silty Sand Ỹr=119 pcf 
Analysis Type Unit Value 

Un-Drained Cohesion Intercept PSF 192 
Lab Testing 
Triaxial Test  

Friction angle Degree 31 

 
Medium dense Very Clayey Sand  Ỹr=127 pcf 

Analysis Type Unit Value 
Un-Drained Cohesion Intercept PSF 197 
Lab Testing 
Triaxial Test 

Friction angle Degree 24.9 

 
Medium dense Silty Sand * Ỹr=118 pcf 

Analysis Type Unit Value 
Drained Cohesion Intercept PSF 175 

Lab Testing          
Direct Shear Test 

Friction angle Degree 31.1 

 
Medium dense Silty-Clayey Sand * Ỹr=120 pcf 

Analysis Type Unit Value 
Undrained Cohesion Intercept PSF 0 

FHWA manual Friction angle Degree 30 

 
Loose Sand with silt   Ỹr=110 pcf 

Analysis Type Unit Value 
Drained Cohesion Intercept PSF 0 

FHWA manual Friction angle Degree 29 

 
Medium dense Sand with silt   Ỹr=120 pcf 

Analysis Type Unit Value 
Drained Cohesion Intercept PSF 0 

FHWA manual Friction angle Degree 32 

 
Medium dense Silty Sand Ỹr=120 pcf 

Analysis Type Unit Value 
Drained Cohesion Intercept PSF 0 

FHWA manual Friction angle Degree 30 
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9.1.5 Computational Results 
 
Theoretically, when analyzing slopes, a factor of safety of less than 1.0 indicates unstable and 
unsafe conditions with the potential for failure to occur at any time.  A factor of safety greater 
than 1.0 indicates the slope is stable. Presented below in Table 3 are the Factors of Safety 
required by United States Environmental Protection Agency (EPA), in Federal Register, Volume 
80, Number 74, Part II, April 17, 2015. 
 

Table 3: Required Minimum Values of Factor of Safety  for Slope Stability Analysis* 

Condition  Safety Factor 

Static safety factor/ long-term maximum storage pool loading condition 1.5 

Static safety factor/maximum surcharge pool loading condition 1.4 

*Source: EPA, 2015 
 
Results of the Factor of Safety for all scenarios run by Stable6 are summarized in Table 4 
below. The following summary table demonstrates that the process ponds meet and exceed the 
required safety factors. 
 
A slope stability analysis of the embankments was performed using the data gathered from the 
laboratory analysis of the soil samples collected from the impoundments. The stability analysis 
was conducted for both, long-term maximum storage pool loading condition and maximum 
surcharge pool loading conditions. Maximum surcharge pool loading conditions were 
considered at the top of the embankment and long-term maximum storage pool loading 
conditions were considered at maximum operating levels. Slope stability analyses were 
conducted for the maximum water elevation corresponding to the top of the embankment (EL 
+195 ft, NGVD for Ash Cells 1 and 2) and EL +188 ft, NGVD for Pump Back Ponds 1 and 2) and 
for the maximum operating water levels (EL +193 ft, NGVD for Ash Cells 1 and 2) and EL +186 
ft, NGVD for Pump Back Ponds 1 and 2).  
 
Foundation stability and face stability were evaluated using failure modes as described above. 
Table 4 below presents minimum factors from these analyses 
 

Table 4 Factors of Safety 

Process Pond  Section/Boring 
Static safety factor/ long-term 

maximum storage pool 
loading condition 

Static safety 
factor/maximum 

surcharge pool loading 
condition 

Ash Cell #1 B-1 1.795 1.791 
Ash Cell #2 B-2/B-3/B4 1.561 1.510 

Pump Back Cell #1 B-5 1.785 1.715 
Pump Back Cell #2 B-6 1.834 1.778 

 
The results of our evaluation indicate that factors of safety against shear failure of the existing 
slope areas exceed the generally required values of 1.5 for long-term maximum storage pool 
loading condition and 1.4 for maximum surcharge pool loading condition.  A more detailed 
presentation of the results of our slope stability evaluations is included in Appendix D: Slope 
Stability Analysis.  
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9.2 Liquefaction Potential Analysis   
 
The potential  for liquefaction was evaluated following the guidelines established by 
Environmental Protection  Agency (EPA) in 40 CFR Part 257 and 261 – Hazards and Solid 
Waste management System; Disposal of Coal Combustion Residuals from Electric Utilities and 
more specifically Seismic Design Guidance for Municipal Solid Waste Landfill Facilities, US EPA 
Office of Research and Development ,1995.  
 
Due to the expected range of ground motion in Gainesville, Florida (less than 0.5 g) a simplified 
procedure was applicable. The procedure is comprised of the following steps: 
 
Identifying the potentially liquefiable layers of soils to be analyzed; the first step is assessing the 
potential for liquefaction of any cohesionless soils at the site. The most critical zone to be 
analyzed is based on the results of the in-situ testing and laboratory index tests (fine contents, 
plasticity index, saturation and soil penetration resistance). 
 
Once the zone of concern was defined, and based on total and effective vertical stresses, the 
Critical Stress Ratio (CSR) values required to cause liquefaction were obtained using 
relationships between stress ratio causing liquefaction and N60 values for sands for M 7.5 
Earthquakes developed by Seed et al (1985).  CSR values were corrected by earthquake 
magnitude and stress levels exceeding 1 tsf.   
 
The third step was calculating the equivalent uniform Critical Stress Ratio (CSREQ) based on 
the calculated total and effective vertical stresses and  maximum peak horizontal ground 
acceleration of 0.02 g. 
 
The factor of safety against liquefaction was obtained by dividing the shear stress ratio required 
to cause liquefaction by the equivalent uniform cyclic stress ratio. The factor of safety ranged 
from 6.25 to more than 20. The minimum Liquefaction Factor of safety obtained exceeded the 
EPA minimum requirement of 1.2 for all critical strata considered.  
 

10.0 LIMITATIONS  
10.1 Limitations 
 
This report has been prepared for the exclusive use of Innovative Waste Consulting Services, 
LLC. and Gainesville Regional Utilities (GRU). The scope is limited to the specific project and 
locations described herein. Our description of the project's design parameters represents our 
understanding of the significant aspects relevant to soil and foundation characteristics. In the 
event that any changes in the design or location of the process ponds as outlined in this report 
are planned, we should be informed so the changes can be reviewed and the conclusions of 
this report modified, if required, and approved in writing by UES. 
 
All users of this report are cautioned that there was no requirement for UES to attempt to locate 
any man-made buried objects or identify any other potentially hazardous conditions that may 
exist at the site during the course of this exploration. Therefore, no attempt was made by UES 
to locate or identify such concerns. UES cannot be responsible for any buried man-made 
objects or subsurface hazards which may be subsequently encountered during construction that 
are not discussed within the text of this report. We can provide this service if requested. For a 
further description of the scope and limitations of this report please review the document 
attached within Appendix F, "Important Information About Your Geotechnical Engineering 
Report" prepared by ASFE. 
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W2 W2 W2 W2

L1 L2bcde
fghi

j
a

# FS
a 2.067
b 2.080
c 2.085
d 2.086
e 2.091
f 2.102
g 2.117
h 2.117
i 2.121
j 2.137

Soil
Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
119.0
120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.067
Safety Factors Are Calculated By The Modified Bishop Method
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a 1.791
b 1.797
c 1.828
d 1.828
e 1.831
f 1.840
g 1.853
h 1.858
i 1.858
j 1.860

Soil
Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
119.0
120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.791
Safety Factors Are Calculated By The Simplified Janbu Method
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c 3.804
d 3.819
e 3.846
f 3.850
g 3.888
h 3.895
i 3.904
j 3.949
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Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
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120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.642
Safety Factors Are Calculated By The Simplified Janbu Method
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SM-SC
SP-SM
SC-CH

Soil
Type
No.
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2
3
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Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.875
Safety Factors Are Calculated By The Modified Bishop Method
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b 1.643
c 1.656
d 1.664
e 1.685
f 1.688
g 1.743
h 1.747
i 1.750
j 1.750

Soil
Desc.

SM
SM-SC
SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.621
Safety Factors Are Calculated By The Simplified Janbu Method
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b 4.238
c 4.361
d 4.388
e 4.396
f 4.530
g 4.570
h 4.571
i 4.619
j 4.648

Soil
Desc.
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SM-SC
SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=4.194
Safety Factors Are Calculated By The Simplified Janbu Method
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c 2.147
d 2.164
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f 2.226
g 2.236
h 2.244
i 2.289
j 2.295
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SM
SM

SM-SC
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Soil
Type
No.
1
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3
4

Total
Unit Wt.

(pcf)
119.0
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(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.128
Safety Factors Are Calculated By The Modified Bishop Method
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b 1.797
c 1.825
d 1.825
e 1.845
f 1.878
g 1.893
h 1.913
i 1.922
j 1.928

Soil
Desc.
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SM-SC
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.787
Safety Factors Are Calculated By The Simplified Janbu Method
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d 3.442
e 3.490
f 3.510
g 3.516
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i 3.523
j 3.535
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Soil
Type
No.
1
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3
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Unit Wt.

(pcf)
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Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.347
Safety Factors Are Calculated By The Simplified Janbu Method
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h 1.794
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Type
No.
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Total
Unit Wt.
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127.0
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Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.737
Safety Factors Are Calculated By The Modified Bishop Method
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Type
No.
1
2
3
4
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119.0
110.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.510
Safety Factors Are Calculated By The Simplified Janbu Method
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b 3.120
c 3.125
d 3.226
e 3.245
f 3.245
g 3.273
h 3.291
i 3.302
j 3.335
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Desc.
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Soil
Type
No.
1
2
3
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Total
Unit Wt.

(pcf)
119.0
110.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.037
Safety Factors Are Calculated By The Simplified Janbu Method
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b 2.115
c 2.123
d 2.140
e 2.153
f 2.215
g 2.223
h 2.242
i 2.255
j 2.260

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.103
Safety Factors Are Calculated By The Modified Bishop Method
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l:\geotech\esuarez\gru embankments\gru b5 jambu.pl2   Run By: ESuarez   11/9/2015   05:02PM
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W1 W1
W1

W1

W1 W1 W1

W2 W2

W2

W2 W2 W2

L1 L2b cd efgh ij
a

# FS
a 1.715
b 1.724
c 1.756
d 1.759
e 1.766
f 1.800
g 1.813
h 1.859
i 1.863
j 1.890

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.715
Safety Factors Are Calculated By The Simplified Janbu Method
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l:\geotech\esuarez\gru embankments\gru b5 rand.pl2   Run By: ESuarez   11/9/2015   05:03PM
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W1 W1
W1

W1

W1 W1 W1

W2 W2

W2

W2 W2 W2

L1 L2
b cde

fghi j
a

# FS
a 3.199
b 3.320
c 3.349
d 3.432
e 3.433
f 3.483
g 3.485
h 3.513
i 3.530
j 3.533

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.199
Safety Factors Are Calculated By The Simplified Janbu Method
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l:\geotech\esuarez\gru embankments\gru b6 bishop.pl2   Run By: ESuarez   11/9/2015   05:05PM
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1
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41
4

4
1

2
3

W1 W1
W1

W1

W1 W1 W1

W2 W2

W2

W2 W2 W2

L1 L2bcdef
g hi j

a

# FS
a 2.150
b 2.160
c 2.196
d 2.212
e 2.234
f 2.248
g 2.263
h 2.264
i 2.269
j 2.279

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.150
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-6
l:\geotech\esuarez\gru embankments\gru b6 jambu.pl2   Run By: ESuarez   11/9/2015   05:06PM
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1
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1

41
4

4
1

2
3

W1 W1
W1

W1

W1 W1 W1

W2 W2

W2

W2 W2 W2

L1 L2b cd ef gh ij
a

# FS
a 1.778
b 1.788
c 1.789
d 1.816
e 1.819
f 1.834
g 1.860
h 1.866
i 1.874
j 1.907

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.778
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-6
l:\geotech\esuarez\gru embankments\gru b6 rand.pl2   Run By: ESuarez   11/9/2015   05:07PM
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1
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41
4

4
1

2
3

W1 W1
W1

W1

W1 W1 W1

W2 W2

W2

W2 W2 W2

L1 L2
bcd efgh

ij
a

# FS
a 3.247
b 3.453
c 3.562
d 3.599
e 3.601
f 3.646
g 3.658
h 3.667
i 3.676
j 3.692

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.247
Safety Factors Are Calculated By The Simplified Janbu Method
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l:\geotech\esuarez\gru embankments\gru b1 bishop 2.pl2   Run By: ESuarez   11/9/2015   10:17AM
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1

22

3

W1 W1

W1
W1 W1 W1

L1 L2bcde
fghij
a

# FS
a 2.118
b 2.128
c 2.138
d 2.145
e 2.170
f 2.171
g 2.173
h 2.176
i 2.180
j 2.184

Soil
Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
119.0
120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.118
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-2
l:\geotech\esuarez\gru embankments\gru b2 bishop 2.pl2   Run By: ESuarez   11/9/2015   12:22PM
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4

1
1

4
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44 1

2
3

W1
W1

W1
W1 W1 W1 W1

L1 L2b cd ef ghi j
a

# FS
a 1.879
b 1.906
c 1.921
d 1.934
e 1.944
f 1.972
g 1.976
h 1.985
i 1.986
j 1.991

Soil
Desc.

SM
SM-SC
SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.879
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-3
l:\geotech\esuarez\gru embankments\gru b3 bishop 3.pl2   Run By: ESuarez   11/9/2015   12:27PM
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4
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4
1

4
4

1
2

3

W1 W1

W1
W1

W1 W1 W1

L1 L2bcde
fghi j
a

# FS
a 2.195
b 2.233
c 2.293
d 2.343
e 2.348
f 2.393
g 2.398
h 2.401
i 2.434
j 2.482

Soil
Desc.

SM
SM

SM-SC
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.195
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-4
l:\geotech\esuarez\gru embankments\gru b4 bishop 2.pl2   Run By: ESuarez   11/9/2015   12:31PM
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W1 W1

W1

W1 W1 W1

L1 L2b cd efgh ij
a

# FS
a 1.827
b 1.837
c 1.850
d 1.851
e 1.862
f 1.880
g 1.894
h 1.896
i 1.914
j 1.915

Soil
Desc.

SM
SP-SM/SM

SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
110.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.827
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-5
l:\geotech\esuarez\gru embankments\gru b5 bishop 2.pl2   Run By: ESuarez   11/9/2015   05:15PM
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W1 W1
W1

W1

W1 W1 W1

L1 L2 bcd
ef ghij

a

# FS
a 2.164
b 2.190
c 2.191
d 2.201
e 2.282
f 2.288
g 2.312
h 2.323
i 2.331
j 2.394

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.164
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-6
l:\geotech\esuarez\gru embankments\gru b6 bishop 2.pl2   Run By: ESuarez   11/9/2015   05:17PM
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W1 W1
W1

W1

W1 W1 W1

L1 L2 bcd
e fghij

a

# FS
a 2.211
b 2.217
c 2.267
d 2.320
e 2.327
f 2.329
g 2.347
h 2.390
i 2.391
j 2.410

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=2.211
Safety Factors Are Calculated By The Modified Bishop Method
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GRU Process Pond Embankment Section B-1
l:\geotech\esuarez\gru embankments\gru b1 jambu 2.pl2   Run By: ESuarez   11/9/2015   12:18PM
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3

W1 W1

W1

W1 W1 W1

L1 L2bcde fghij
a

# FS
a 1.795
b 1.796
c 1.830
d 1.852
e 1.857
f 1.859
g 1.877
h 1.886
i 1.893
j 1.897

Soil
Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
119.0
120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.795
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-2
l:\geotech\esuarez\gru embankments\gru b2 jambu 2.pl2   Run By: ESuarez   11/9/2015   12:24PM
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4

1
1

4
1

44 1

2
3

W1
W1

W1
W1 W1 W1 W1

L1 L2bc def ghi j
a

# FS
a 1.636
b 1.641
c 1.674
d 1.686
e 1.690
f 1.702
g 1.731
h 1.744
i 1.763
j 1.768

Soil
Desc.

SM
SM-SC
SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.636
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-3
l:\geotech\esuarez\gru embankments\gru b3 jambu 3.pl2   Run By: ESuarez   11/9/2015   12:28PM
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4
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1
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3

W1 W1

W1
W1

W1 W1 W1

L1 L2bcd efgh ij
a

# FS
a 1.852
b 1.878
c 1.890
d 1.916
e 1.932
f 1.975
g 2.012
h 2.048
i 2.077
j 2.100

Soil
Desc.

SM
SM

SM-SC
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.852
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-4
l:\geotech\esuarez\gru embankments\gru b4 jambu 2.pl2   Run By: ESuarez   11/9/2015   12:32PM
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W1 W1

W1

W1 W1 W1

L1 L2bcdefg
hi j
a

# FS
a 1.561
b 1.573
c 1.583
d 1.596
e 1.613
f 1.651
g 1.672
h 1.678
i 1.678
j 1.678

Soil
Desc.

SM
SP-SM/SM

SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
110.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.561
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-5
l:\geotech\esuarez\gru embankments\gru b5 jambu 2.pl2   Run By: ESuarez   11/9/2015   05:11PM
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W1 W1
W1

W1

W1 W1 W1

L1 L2bcde fghi j
a

# FS
a 1.785
b 1.801
c 1.809
d 1.834
e 1.851
f 1.859
g 1.889
h 1.917
i 1.992
j 1.994

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.785
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-6
l:\geotech\esuarez\gru embankments\gru b6 jambu 2.pl2   Run By: ESuarez   11/9/2015   05:19PM
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W1 W1
W1

W1

W1 W1 W1

L1 L2bc def ghi j
a

# FS
a 1.834
b 1.851
c 1.862
d 1.878
e 1.911
f 1.935
g 1.942
h 1.959
i 1.961
j 1.965

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=1.834
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-1
l:\geotech\esuarez\gru embankments\gru b1 rand surf 2.pl2   Run By: ESuarez   11/9/2015   12:20PM
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W1 W1

W1

W1 W1 W1

L1 L2
bcd ef

gh ij
a

# FS
a 5.011
b 5.027
c 5.201
d 5.210
e 5.261
f 5.281
g 5.298
h 5.332
i 5.388
j 5.413

Soil
Desc.

SM
SM-SC
SP-SM

Soil
Type
No.
1
2
3

Total
Unit Wt.

(pcf)
119.0
120.0
110.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
115.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

Friction
Angle
(deg)
31.0
30.0
29.0

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=5.011
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-2
l:\geotech\esuarez\gru embankments\gru b2 rand surf 2.pl2   Run By: ESuarez   11/9/2015   12:25PM
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3

W1
W1

W1
W1 W1 W1 W1

L1 L2
bcdefghij

a

# FS
a 3.488
b 3.505
c 3.575
d 3.598
e 3.620
f 3.728
g 3.768
h 3.768
i 3.789
j 3.793

Soil
Desc.

SM
SM-SC
SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
110.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
120.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.488
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-3
l:\geotech\esuarez\gru embankments\gru b3 rand surf 3.pl2   Run By: ESuarez   11/9/2015   12:30PM
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W1 W1

W1
W1

W1 W1 W1

L1 L2
bcde fg
hij
a

# FS
a 4.498
b 4.504
c 4.601
d 4.613
e 4.674
f 4.684
g 4.707
h 4.712
i 4.731
j 4.740

Soil
Desc.

SM
SM

SM-SC
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=4.498
Safety Factors Are Calculated By The Simplified Janbu Method
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l:\geotech\esuarez\gru embankments\gru b4 jrand 2.pl2   Run By: ESuarez   11/9/2015   12:32PM
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L1 L2
bcd
e fgh i j

a

# FS
a 3.627
b 3.701
c 3.711
d 4.014
e 4.032
f 4.047
g 4.048
h 4.070
i 4.071
j 4.083

Soil
Desc.

SM
SP-SM/SM

SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
110.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
120.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0

0.0
0.0

197.0

Friction
Angle
(deg)
31.0
29.0
30.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.627
Safety Factors Are Calculated By The Simplified Janbu Method
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GRU Process Pond Embankment Section B-5
l:\geotech\esuarez\gru embankments\gru b5 rand 2.pl2   Run By: ESuarez   11/9/2015   05:13PM
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W1 W1
W1

W1

W1 W1 W1

L1 L2
b c def ghij

a

# FS
a 3.406
b 3.581
c 3.686
d 3.712
e 3.777
f 3.809
g 3.820
h 3.871
i 3.892
j 3.914

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.406
Safety Factors Are Calculated By The Simplified Janbu Method
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l:\geotech\esuarez\gru embankments\gru b6 rand 2.pl2   Run By: ESuarez   11/9/2015   05:20PM
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L1 L2
b cde fg hij

a

# FS
a 3.453
b 3.791
c 3.838
d 3.925
e 3.949
f 4.039
g 4.045
h 4.064
i 4.068
j 4.073

Soil
Desc.

SM
SM

SP-SM
SC-CH

Soil
Type
No.
1
2
3
4

Total
Unit Wt.

(pcf)
119.0
120.0
120.0
127.0

Saturated
Unit Wt.

(pcf)
130.0
130.0
130.0
131.0

Cohesion
Intercept

(psf)
192.0
0.0
0.0

197.0

Friction
Angle
(deg)
31.0
30.0
32.0
24.9

Load Value
L1 4000 psf
L2 4000 psf

GSTABL7 v.2  FSmin=3.453
Safety Factors Are Calculated By The Simplified Janbu Method
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