
 

SAFETY FACTOR ASSESSMENT REVISION 1 
40 C.F.R. PART 257.73 

PLANT BOWEN ASH POND (AP-1) 
GEORGIA POWER COMPANY 

 
EPA’s “Disposal of Coal Combustion Residuals from Electric Utilities Final Rule” (40 C.F.R. Part 257 and 

Part 261), §257.73(e), requires the owner or operator of an existing CCR surface impoundment to 

conduct initial and periodic safety factor assessments. The owner or operator of the CCR unit must 

conduct an assessment of the CCR unit and document that the minimum safety factors outlined in 

§257.73(e)(1)(i) through (iv) for the critical embankment section are achieved. 

 

The CCR surface impoundment AP-1 is located on Georgia Power Company’s Plant Bowen property in 

southern Bartow County, approximately 7 miles west-southwest of the city of Cartersville. AP-1 was 

created by construction of the main dike, which bounds AP-1 on the east, south and west sides, and 

approximately two-thirds of the north dike. The remaining portions of the impoundment are contained 

by natural ground. An extensive slope stability analysis project for the facility was performed in 2002 

and 2003 in which several sections of the embankment were evaluated for stability. These analyses have 

been revisited several times since and have shown that due to height of the embankment section and 

the characteristics of the foundation materials, the critical section of this CCR unit is located on the 

western side of the embankment on the north side of what is sometimes referred to as a “horseshoe” 

bend in the embankment. 

 

The analyses used to determine the minimum safety factor for the critical section resulted in the 

following minimum safety factors: 

 

Loading Condition Minimum Calculated 
Safety Factor 

Minimum Required 
Safety Factor 

Long-term Maximum Storage Pool (Static) 1.6 1.5 
Maximum Surcharge Pool (Static) 1.5 1.4 
Seismic 1.4 1.0 

 

The embankments are constructed of silts and clays that are not susceptible to liquefaction. Therefore, a 

minimum liquefaction safety factor determination was not required. 

 

This assessment is supported by appropriate engineering calculations which are attached.  
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Purpose of Calculation 

Georgia Power Company’s Plant Bowen is served by a single ash pond.  Ash Pond 1 was 
commissioned in 1968, at the time of plant construction.  Currently, Ash Pond 1 is used for 
process water, low volume waste, co-treatment and storm-water runoff.  The main portions of 
the ash pond dike are the western and southern embankments having a combined length of 
approximately 5400 feet.  The west dike, about 3200 feet, is abruptly broken by a horseshoe-
shaped segment containing several sharp bends. 

The cross-section of the dike varies.  North of the horseshoe, the west dike extends from a 
foundation elevation of about +672 feet MSL up to a crest elevation of +715 feet, MSL, and 
a crest width of approximately 15 feet.  The downstream slopes are a uniform 2(H):1(V), and 
broken by a 15 to 20 foot wide bench at about Elevation 693.  Proceeding south, the bench 
transitions away through the horseshoe to yield one long slope, as the foundation or toe 
elevation increases to about +690 feet.  Through the southeast turn the foundation rises to 
about +700 feet with no bench.  For the last 1200 feet and along the recycle pond, the 
downstream slope extends on a long 2:1 pitch all the way to a small creek at the toe some 35 
feet below the crest elevation. 

The ash pond dike is a homogeneous compacted silt/clay embankment founded on silty clay 
residuum, all overlying a bedrock limestone and dolomite formation.  The purpose of this 
calculation is to check the stability of the dike of Ash Pond 1 at the critical section using 
current software. 

Methodology 
The calculation was performed using the following methods and software: 

GeoStudio 2012 (Version 8.15, Build 11777), Copyright 1991-2016, GEO-SLOPE 
International, Ltd. 

Strata (Version alpha, Revision 0.2.0), Geotechnical Engineering Center, Department of 
Civil, Architectural, and Environmental Engineering, University of Texas. 

Morgenstern-Price analytical method was run and reported. 

Criteria and Assumptions 
The slope stability models were run using the following assumptions and design criteria: 

• 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
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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 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 0.039g for use as a horizontal acceleration in the stability analysis.

• The current required minimum criteria (factors of safety) were taken from the
Structural Integrity Criteria for existing CCR surface impoundment from 40 CFR
257.73, published April 17, 2015.

• The soil properties of unit weight, phi angle, and cohesion were obtained from triaxial
shear testing performed on UD samples of the fill and foundation soils obtained
during drilling in August 2002.  The testing was performed according to ASTM D
2850, ASTM D 3080, and ASTM D 4767.

• Properties for ash were based on laboratory testing performed on undisturbed and
remolded samples of ash from various plants and on engineering judgment.

• In September 2002, piezometers were installed in the dike fill and the foundation.
These piezometers, in conjunction with survey data, were used to obtain current water
elevations within the dike and the foundation soils.

• The COE EM 1110-2-1902, October 2003, allows the use of the phreatic surface
established for the maximum storage condition (normal pool) in the analysis for the
maximum surcharge loading condition. This is based on the short term duration of the
surcharge loading relative to the permeability of the embankment and the foundation
materials. This method is used in the analysis for the impoundments at this facility
with surcharge loading.

The slope stability model was run using the following assumptions: 
• The critical section has been determined to be located on the western side of the Ash

Pond.
• Maximum storage pool is at EL714.
• Maximum surcharge pool is at EL715, the top of dike elevation.
• Soil properties were obtained from historic laboratory data and soil investigations for the

ash pond and recent ash pond embankment well installations.

Input Data 

The following soil properties were used in the analyses.  This data was generally obtained 
from laboratory triaxial testing performed in October 2002 by Southern Company Central 
Laboratory and summarized in a slope stability analysis report by Southern Company 
Services, dated December 2003. The laboratory testing consisted of classification testing as 
well as unconsolidated undrained, consolidated undrained, and consolidated drained triaxial 
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tests in order to provide total as well as effective shear strength parameters of the 
embankment and foundation soils. The effective stress parameters were used in the analyses. 

Soil Description Moist Unit 
Weight, pcf 

Effective Stress 
Parameters 

Cohesion, 
psf 

Phi Angle, 
degrees 

Embankment Fill 122 350 31 
Residual 124 218 30 
Weak Residual 117 100 20 
Remediated Weak Residual 117 8000 0 
Ash 85 0 15 

Hydrologic Considerations 

The following hydraulic information is based on the calculation package Inflow Design 
Control System Plan: Hydrologic and Hydraulic Calculation Summary for Plant Bowen Ash 
Pond by Southern Company Services, was used in the analyses. This calculation states that 
the Ash Pond is capable of handling the 1000-year 24-hour storm event with a maximum 
surcharge pool elevation of 714.  The stability calculations conservative use a maximum 
surcharge pool elevation of 715. 

Load Conditions 

The impoundment dike at Plant Bowen Ash Pond was evaluated for the load conditions 
indicated in the following table.  When appropriate, cases were run both in the ash and the 
dike. 

Summary of Conclusions 

The following table lists the factors of safety for various slope stability failure conditions.  
All conditions are steady state except where noted.  Construction cases were not considered.  
Based on the results of these analyses all structures are stable. 

Load Conditions Computed Factor 
of Safety 

Required Minimum 
Factor of Safety 

Long-term Maximum Storage (Static) 1.6 1.5 
Maximum Surcharge Pool (Static) 1.5 1.4 
Seismic 1.4 1.0 

The analyses indicate that in all cases the ash pond dike, for Ash Pond 1, the factors of safety 
are above the required minimums.   
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Design Inputs/References 

USGS Earthquake Hazards website, http://earthquake.usgs.gov/hazards/hazmaps/ 
E&CS Drawing ES1179S1, Plant Bowen Ash Pond Embankment Investigation 
Plant Bowen Ash Pond Dike Slope Stability Analysis Report 
Bray, J. D. and Travasarou, T., Pseudostatic Coefficient for Use in Simplified Seismic Slope 
Stability Evaluation, Journal of Geotechnical and Environmental Engineering, American 
Society of Civil Engineers, September 2009 

Body of Calculations 
Calculation consists of Slope-W modeling attached. 

http://earthquake.usgs.gov/hazards/hazmaps/
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Attachment A 

Figure – Site Plan
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Attachment B 

Figure – Analysis Section
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Attachment C 

Soil Borings
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Attachment D 

Dutch Cone Probe
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Attachment E 

Laboratory Test Results 
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approximately 21 feet thick.  This thickness was determined from the average depth at which 

the weak material was encountered, and the elevation of the creek.  It was assumed that the 

weak material extended to that bottom-of-creek elevation. 

 

Section 11-12-13 was constructed from a series of closely spaced CPT soundings along the 

toe of the slope.  Some 17 to 20 feet below the toe, most soundings encountered a weaker 

zone from 6 to 8 feet thick, with low strengths according to the cone friction values.  

Although the CPT data indicated alternating layers of firm and weaker soils at Section 11-12-

13, the weak material was modeled as one continuous layer being eight feet thick for this 

section. 

 

These sections were prepared to scale for input to our SLOPE/W slope stability analysis 

software.  These sections are shown for each load case, along with dimensions and notes 

regarding input parameters, and are presented in Appendix E, which includes the computer 

run outputs.   

 

Construction of Section 4-5 showed it to be similar in stratification to Section 6-7.  Since 

Section 4-5 soils exhibited slightly higher strengths (by CPT and SPT inspection) than 

Section 6-7, we judged that results of analyses on Section 6-7 could apply to Section 4-5 with 

a margin of safety.   

 

The conditions at Section 16 were not analyzed because no substantially weak soils were 

encountered there.  Test borings 14 and 15 had been planned for the north dike based on field 

observations of the foundation area during and after the sinkhole event.  However, in the 

interest of time, we first performed two CPT soundings there, in lieu of test borings and UD 

sampling.  The results of CPT 39 and 40 at that section indicated no worse conditions than 

the Section 6-7 stratification, therefore testing was terminated at that stage.    

 

D. Selection of Soil Strength Parameters 

 

The primary soil engineering properties and parameters important to slope stability analyses 

are cohesion, c, angle of internal friction, , the unit weight of the soil, , and the presence of 

any excess pore water pressures.  Soil strength values can vary significantly depending upon 

the drainage conditions under which the samples are tested in laboratory triaxial tests.  Unit 

weight values vary primarily by water content and whether or not the soil is submerged or 

beneath the phreatic surface. 

 

As the field test data (boring and CPT findings) were being plotted onto cross sections of the 

dike, it became apparent that there was significant uniformity of the dike material, and to 

some lesser extent the foundation soils.  Therefore, rather than attempt to construct section-

specific soil parameters, we considered it more appropriate to target zones of representative 

materials for sampling and testing, and then apply selected representative soil parameters 

from those banks of tests to each section.  The paragraphs which follow describe how the 

data were interpreted and representative parameters chosen to apply to the generalized layer 

JCPEGUES
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stratifications.   

 

For the embankment soils, we conducted primarily consolidated undrained (CU or R) and 

consolidated drained (CD or S) triaxial shear tests, consolidating the soils prior to shearing, 

and measuring pore water pressures in the CU test.  Computer programs are used to graph 

and calculate parameters from the raw laboratory test data, and the resulting c and values 

are given on the data sheets.  We assembled other graphs of results, however, based on the 

geotechnical engineer’s construction of the strength envelopes taken from the stress paths 

leading to shear failure.  These were determined from p’-q diagrams of effective stress failure 

points.  In this interpretation of the p’-q data, it was our tendency to draw the strength 

envelopes through the points yielding the lesser effective cohesion and greater effective 

friction angle.  This trend would be expected for parameters of a compacted silty clay soil.  

The S tests usually exhibit slightly lower strengths at lower confining stresses, with a slightly 

higher friction angle.  Our S-test results displayed the higher friction angle.  Some analyses 

combine the S and R envelopes to form a composite “broken-back” curve as a strength 

envelope for the embankment soils.  However, since the permeability of this soil is relatively 

low (1.4 x 10 
-7

 cm/sec) and drainage possibly not complete for true S-test results, we elected 

to use primarily the R data for analysis, which should be conservative. 

 

The undisturbed samples of the dike material were tested at the moisture contents at which 

they were sampled.  It is often times the practice to backpressure saturate samples prior to 

triaxial testing to simulate submergence and/or diminish the effects of apparent cohesion in 

the test results.  However, standpipe piezometer measurements to determine the phreatic 

surface in the dike indicated that the dike is not saturated downstream of the crest to the 

extent that a conventional flownet construction would indicate.  Piezometric levels instead 

suggest that there is a high mass permeability to the foundation which is allowing the vast 

majority of seepage to pass under the embankment, such that little of the dike has ever 

become saturated. For those samples taken in the dike and not naturally saturated, 

backpressure saturation may yield excess strength indications in the CU test, especially at 

low confining stresses.  We therefore conducted the shear testing at insitu moisture contents, 

with the assumption that some component of measured strength would be due to matric 

suction in the non-saturated soils. 

 

The embankment soils appear to be quite uniform in strength and texture or composition, as 

demonstrated by the consistency in the SPT-N values and CPT data.  Using the insitu testing 

as a guide, we were able to recover and test representative samples with a relatively high 

degree of confidence that the resulting triaxial test data covers the mid to lower range of soil 

strength.  Then, statistically, the lower portion of that data was chosen to model the soil 

strength that must be exceeded through the entire embankment to experience failure.  We 

consider this a very conservative approach for the compacted embankment soils. 

 

Figure 14 shows all of the R and S envelopes for the embankment soils based on adjusted 

effective stress data.  From this data, we selected an envelope considered to represent the 
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lower 1/3 of the strengths.  This data is also presented in Table 2 as a summary in numerical 

form.  The result is an effective cohesion of 350 psf and friction angle of about 31. 

 

 

 

 

 

 

 

Table 2 

Summary of Triaxial R and S Tests 

Embankment and Foundation Soils 

Lab Test No. Test 

Parameters* 

c 

(psf) 
 

(degrees) 

E
m

b
an

k
m

en
t 

S
o
il

s 3 S 450 34 

8 R 345 29 

33 S 370 35 

34 R 310 28.5 

10A R 560 28 

11A R 375 31 

12A R 360 31 

Values used in Analyses 350 31 

F
o
u
n
d
at

io
n
 

S
o
il

s 

3A R 75 34 

2A R 175 24.5 

5A R 340 32 

6A R 121 34 

7A R 355 29 

9A R 240 29 

Values used in Analyses     

Firmer Residuum 218 30 

Weak Zone 100 20 

* Effective Stress Parameters   

 

 

Stress path data reduction and construction was also carried out for the R data from testing of 

the foundation soils, represented on Figure 15.  For sake of conservatism, the strength values 

for analysis for the firmer residuum were taken as the approximate average of the strengths 

tested for all foundation soils, including those samples considered to be from the weaker 

zone.  As seen in Table 2 and Figure 15, the result was an effective cohesion of 218 psf and 
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=30 degrees for the firm residuum. 

 

Final selection of strength values for the weaker foundation soils involved a different 

approach from that of the embankment, however.  In selecting strength parameters for the 

weaker foundation soils, it was judged that we could not rely solely on triaxial data from the 

initial set of undisturbed samples.  Inspection of Dutch Cone (CPT) soundings indicated that 

there were more extensive areas of weaker material near the limestone interface that our first 

UD sampling may not have adequately sampled.  Laboratory testing provided about seven 

sets of Q test results, but it appeared that more R test data, targeting the weaker zones, were 

needed for effective stress analysis.  Therefore, using CPT data as a guide to locating the 

weaker zones, another UD sampling event was conducted, yielding six additional R-bar test 

results for the softer soils. 

 

Even with the additional data, we could not be certain the data set for the foundation soils 

bracketed the strengths for the weakest soils, therefore we chose to use presumptive values of 

c=100 psf and =20 degrees for the weakest of foundation soils, considering this to be very 

conservative. 

 

For the potential uplift loading, as in a subsequent underwash event, it is necessary to predict 

and model the excess pore pressures in order to conduct an analysis using effective stress 

parameters.  This was done for the embankment soils, since there is little doubt that those 

soils are not consolidated, and the effective stress strength envelopes are consistent and well-

defined.  If, however, there is a chance that the weaker foundation soils have not been fully 

consolidated, then the effective stress approach would attribute greater strength to that layer 

in the analyses, by virtue of heavy overburden stress computed by the SLOPE/W program.  

Therefore, we considered it prudent to conduct additional analyses of the uplift situations 

using a total stress strength for the weak zone.  Obtaining total stress parameters which could 

be used with confidence for the weaker zone required looking to two sources of information, 

both laboratory results and insitu testing.  There was significant scatter to the results of the 

initial laboratory Q tests, as seen in Figure 16.  Since we could not be assured that all of the 

samples were from the weakest material, we applied the lower bound values from this data 

set, which yielded an undrained cohesion of about 700 psf. 

 

For confirmation of these total stress test data, we looked to the undrained shear strength 

values generated from the Dutch Cone data and other sources.  A summary of those findings 

is as follows: 

 

 In the area of Section 1-2-3, two zones of weakness were depicted by ten cone (CPT) 

soundings:  1) an upper zone relative thin and discontinuous yielding Su (undrained 

shear strength) values of about 675 psf, on average, and 2) a lower weak zone about 

20 feet beneath the toe, with an average strength on the order of 770 psf. 

 Around Section 6-7, nine cone soundings encountered soft conditions about 30 feet 

beneath the toe.  Occasional Su values were as low as 300 or 400 psf, but the average 

values for a continuous plane through the weak zone was a calculated 740 psf. 
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 At Section 8-9, thin discontinuous weak zones down near el. 660, some 55 feet below 

the crest, yielded lower bound Su values at about 600 psf.  However, thicker higher-

consistency clay interspersed with the weaker soils had values on the order of 1,000 

to 1,100 psf.  Thus, the average strength across a more continuous weak plane would 

be about 800 psf. 

 

 For Section 10 the geometry was much like that of Section 8-9, with the weaker 

material tested by cone soundings having an Su of about 690 psf. 

 

 For Section 11-12-13, two weaker zones were identified by ten cone soundings:  1) a 

thin upper zone only about 5 feet beneath the toe with strengths in the range of 600 to 

900 psf, and 2) a mixed lower layer with some zones having Su = 400 psf and others 

up in the range of 700 to 900 psf. 

 

One could make the case for a potential weak plane propagating along the weathered rock and 

weak residuum interface choosing a path of lesser resistance through the very weakest of 

soils.  However, plotting the cone readings according to their spatial distribution shows that a 

weak plane would have to cut through a significant amount of firm clay to connect with the 

weakest zones.  As a result, we judge that the strength along this mixed interface would have 

a composite strength on the order of 700 psf, or slightly greater.  For these reasons, we elected 

to use an undrained shear strength of 700 psf for the weak zone material as lower bound for 

the static loading cases for all sections. 

 

As another check on probable undrained strength of the weaker foundation soils, the grouting 

engineer for the project, Mr. B.E. Williams, was consulted and shared grout take and 

distribution information from work already performed at Section 1-2-3.  In addition to 

providing more information on the probable thickness on the weaker zone above the rock 

foundation, we also discussed the consistency of the material in that zone.  Mr. Williams 

stated that the displacement of that material, along with the pressures used, the amount of 

overburden, and especially the grout take volume per foot, were very similar to that of 

another project where the strength of the weaker material had been measured prior to the 

grouting.  In reviewing our records of that project, we found that measured strengths in that 

weaker material were on the order of 640 psf for undrained cohesion.  This tends to confirm 

our 700 psf value based on many CPT results. 

 

The effective stress parameters were modified for the seismic analysis using information 

reported by the U.S. Corps of Engineers Waterways Experiment Station (Ref. 2).  Those 

studies showed that proper modification of strength parameters justified the use of a 

pseudostatic analysis to evaluate safety under seismic loading, in lieu of more extensive 

modeling which involves transient response analysis and estimated dynamic shear stresses.  

The key to this methodology is the observation that the soils exhibit essentially elastic 

behavior, even under many cycles of loading, if stresses do not exceed about 80% of the 

soils’ undrained strength.  They therefore recommend the use of 80 percent of the undrained 
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strength as the dynamic yield strength for soils that exhibit small increases in pore pressure 

during cyclic loading, such as clayey materials.  The resulting suggested procedure was 

stated as: 

 

a) Carry out the conventional pseudostatic stability analyses using a seismic 

coefficient equal to one-third to one-half of predicted peak bedrock acceleration, 

or PGA 

b) For clays, use a degraded value of strength equal to 80% of the soil’s undrained 

shear strength 

c) Use a minimum factor of safety of 1.0. 

 

This procedure assumes that the materials in the foundation are not subject to liquefaction.  

We judged that this is the case at this site because:  1) all samples had fines contents greater 

than about 60 percent, and 2) only 3 samples had liquid limits (LL) of less than 35, and of 

those, none had liquidity indices greater than, or even approaching, a value of IL = 0.9, which 

is necessary for liquefaction under the Chinese Criteria (Ref. 2).  Therefore, liquefaction is 

deemed highly unlikely at this site.  For the seismic analysis, the R-bar values for the 

embankment soils were thus degraded by 20%, yielding the following effective stress 

parameters: 

 

   Embankment Soils:  c = 280 psf 

        = 25 

 

   Firm Residuum Soils  c = 175 psf 

        = 24 

 

Effective stress parameters for the weakest foundation soils were not degraded, however, for 

the following reasons.  The parameters of c’=100 psf and ’=20 degrees were assigned as 

very low initially, below the lower bound of the data set, in an effort to simulate the weaker 

soils above the limestone.  CPT testing indicates this zone as very irregular, to the point that 

a slip plane of failure propagating primarily through the weakest soils would probably have 

to pass through some rock pinnacles as well.  We therefore considered these parameters 

already sufficiently conservative.  Conversely, if these lower bound values were to be 

increased by 20 percent, they would still fall below the lowest-measured value which we 

obtained from UD sampling and triaxial testing for the weaker foundation soil; i.e., Sample 

2A with c’ = 170 psf and ’ = 24.    

 

Strength parameters for the ash inside the pond were taken from our experience with testing 

for the engineering properties of ash at many of our plant sites.  Our analyses assumed fly ash 

with a conservative unit weight of 85 pcf, no cohesive strength, and an internal angle of 

friction of 15.  In the first trial seismic analyses we used various degraded values of friction 

angle for the ponded ash above and below the inboard water level, depending on assumptions 

of either full or partial liquefaction.  These trial runs indicated very little or no effect on the 

downstream stability of the dike section; therefore, strength values for the ash became an 
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essentially moot point and we defaulted to a zero strength under seismic loading for sake of 

ease, conservatism, and reduced number of cases to investigate.   

 

Selection of the pseudostatic seismic horizontal thrust coefficient was based on the peak 

ground acceleration estimated for this site.  This information was taken from the United 

States Geological Service Earthquake Hazards Program website.  The nearest grid point of 

seismic data is Latitude 34.1 south and Longitude 85.0 west (about two miles away from 

the ash pond).  Entering the zip code for Taylorsville, Georgia of 30178, we obtained a peak 

ground acceleration (PGA) of 0.06g (See Figure 17).  This value corresponds to a seismic 

event having a 10 percent probability of exceedence (PE) in the next 50 years.  For a portion 

of our analyses, we thus used a coefficient of horizontal thrust of 50% of that value, or 0.03g.  

Information from the Hydro Projects Department also indicated, however, that the Georgia 

DNR Safe Dams Program administration has a seismic level criterion linked to a 2% PE in 

50 years.  This yields a PGA of approximately 0.15g. (See Figure 18).  Therefore, we 

conducted analyses using both sets of criteria. 

 

For the post-remediation load cases, the strength improvement within the weaker zone was 

modeled by increasing the parameters according to the expected strength gain from 

compaction grouting in that zone.  Mr B.E. Williams, project grouting engineer, has 

recommended that the improved strength value for the grouted zones be set at a cohesion of 

8000 psf.  This cohesion value appears reasonable and corresponds to a shear strength of 4 

tsf, or that of a clay on the borderline of consistency between very stiff and hard.  

  

VI. ANALYSIS AND CONCLUSIONS 

 

A. Findings Common to All Analyses 

 

1) General 

 

The five primary sections analyzed for stability are presented as scaled drawing computer 

outputs in Appendix E.  The SLOPE/W program outputs a section for each load case 

analyzed, with the stratification of soils depicted by different colors.  These outputs 

summarize the input parameters for the soils, along with the water table or phreatic surface 

indicators.  Each section is presented with the dimensions, parameters, and case description 

first.  Stability outputs then follow.  Each output presents the minimum factor of safety and 

graphs the location and orientation of the corresponding failure surface. 

 

Table 4 below presents the load cases in detail along with strength parameters and indications 

of special input parameters and soil behavior (ash liquefaction, etc.).   

 

The SLOPE/W program employs the method of slices as first introduced by Bishop, 

computing forces on vertical segments or slices extending to a trial circular failure slip plane.  

Side forces and the phreatic surface defining the boundary between saturated or buoyant soils 

and non-saturated soils are considered.  Many hundreds of potential failure planes are 
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