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OBJECTIVE: 
 
The objective of this calculation package is to evaluate the settlement of the proposed ash landfill over the 
retired ash basin (RAB) at Duke Energy’s Allen Steam Station.  This calculation will discuss primary 
settlement, time of average consolidation, secondary settlement, and liner strain due to settlement. 
 
BACKGROUND: 
 
Duke Energy is proposing to develop a new ash landfill over the RAB which consists of 15 to 55 feet of sluiced 
fly and bottom ash.  The RAB ash is generally underlain by saprolite, partially weathered rock, and bedrock.  
Site characterization activities indicate that the RAB ash consists of interbedded layers of fine and coarse grain 
ash.  Laboratory test results of ash samples (S&ME, 2007) indicate that the majority of the ash samples classify 
as a non-plastic silt (ML) according to the unified soil classification system (USCS) while some samples 
classify as a silty sand (SM).  Laboratory test results of saprolite samples indicate a material that classifies as a 
non-plastic silt (ML) according to USCS. 
 
METHOD: 
 
Soil settlement characteristics are dependent on the soil type and previous soil loading conditions.  
Understanding that the RAB ash was placed by human activities and no loading and/or unloading of the ash is 
known to have occurred, the RAB ash was assumed to be normally consolidated.  The underlying saprolite was 
also assumed to be normally consolidated.  The materials below the saprolite (partially weathered rock and 
bedrock) were considered relatively incompressible in comparison to the RAB ash and saprolite.  As the RAB 
ash and underlying saprolite classify predominantly as fine-grained silty soils, one-dimensional consolidation 
theory was used to evaluate primary and secondary settlement. 
 
Primary Settlement 
 
Primary settlement occurs due to increases in effective overburden stress, such as during fill placement, and 
may be estimated based on the following equation: 
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Where:  sc = primary settlement due to consolidation 

Ccε = modified compression index 
01 e

Cc

+
=      [Ref. 1, Eq. 8-9] 

Cc = compression index 
e0 = initial void ratio 
H0 = initial height 
σ'v0 = initial effective overburden pressure 
Δσ = change in effective overburden pressure 
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Where:  e1 = void ratio at load 1 

e2 = void ratio at load 2 
σ'1 = effective stress at load 1 
σ'2 = effective stress at load 2 

 
Time of Average Consolidation 
 
Consolidation is a time-dependent process.  The time for an average percentage of consolidation to occur may 
be estimated by the following equation: 
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=            [Ref. 1 Eq. 9-5] 

 
Where:  t = time to a percentage of consolidation 
  T = time factor 
  Hdr = length of the longest drainage path 

cv = coefficient of consolidation 
 
Secondary Settlement 
 
Unlike primary settlement, secondary settlement occurs at a constant effective overburden stress and is time-
dependent.  Secondary settlement, also called creep strain, may be estimated based on the following equation: 
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Where:  ss = time-dependent secondary settlement 

  Cαε = modified secondary compression index 
pe

C
+

=
1

α    [Ref. 1, Eq. 9-16] 

  Cα = secondary compression index 
ep = void ratio at the end of primary consolidation 
H0 = initial height 

  t1 = time to primary consolidation 
  t2 = time of interest (design life) 

            
and 
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Where:  e1 = void ratio at dial reading 1 

e2 = void ratio at dial reading 2 
t1 = time at dial reading 1 
t2 = time at dial reading 2 

 
Liner Strain 
 
As the material underlying the liner system settles, the liner system will need to stretch to conform to the bottom 
of the landfill.  A simplified sketch of pre- and post-settlement is shown below: 
 

 
 
Strain is defined by the following equation: 
 

0l
lΔ

=ε  

 
Where:  ε = strain 
  Δl = L1 – L1’ OR L2 - L2’ 

l0 = initial length = L1 OR L2 
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DESIGN CRITERIA: 
 
Consistent with North Carolina solid waste rules the following design criteria were used for evaluating post 
settlement liner system conditions of the proposed RAB ash landfill: 
 

o maintain slopes greater than or equal to 2 percent before and after settlement; and 
o maintain a four (4) foot vertical separation between the liner system base and the seasonal high 

groundwater table. 
 
Consistent with standard industry practice, the amount of liner system strain caused by settlement was 
considered acceptable to a maximum of 5% [Ref. 3]. 
 
MATERIAL PARAMETERS: 
 
Eight consolidation tests were conducted on relatively undisturbed RAB ash samples.  Four samples were 
recovered using the Shelby tube method, the remaining four samples were recovered using the fixed-piston 
sampling method.  The fixed-piston sampling method is generally considered to yield higher quality samples 
than the Shelby tube method.  Compression index values for the 8-16 ksf loading range were chosen for 
analysis because post-construction loading conditions are anticipated to fall within this range.  Unit weight 
results are summarized in Tables 1 and 2, consolidation test results are summarized in Tables 3 and 4. 
 

Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Unit 
Weight   

(pcf)
B-33 ST-5 26 dark gray clayey silt piston Raleigh 98.8
B-33 ST-5 26.2 dark gray silty f. to m. sand piston Raleigh 104.0
B-32 ST-6 31.2 gray silt with trace of sand piston Raleigh 103.5
B-32 ST-2 9.5-11.5 fly ash piston Charlotte 114.0

B-6 20-22 gray fine sandy silt shelby tube Charlotte 89.8
OW-12 15-17 gray silty f. to c. sand shelby tube Charlotte 94.1
OW-18 8.5-10.5 gray clayey silt shelby tube Charlotte 91.7
OW-19 40-42 gray sandy silty clay shelby tube Charlotte 120.0

102.0
101.2
10.7

Table 1:  Ash Unit Weights

mean
median

standard deviation  
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Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Unit 
Weight   

(pcf)

B-6 76-77 tan and white  m. to f. 
sandy silt w/ mica shelby tube Charlotte 114.6

OW-8 20-22 reddish tan and white 
micaceous sandy silt shelby tube Charlotte 82.5

B-24 40-42 brown white tan silty 
m. to f. sand w/ mica shelby tube Charlotte 114.6

103.9
114.6
18.5

Table 2:  Saprolite Unit Weights

mean
median

standard deviation  
 
For the purposes of analysis, a unit weight of 90 pcf was used for ash and a unit weight of 110 was used for 
saprolite. 
 

Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Cc           

(8-16 ksf)
eo

Ccε          

(8-16 ksf)
B-33 ST-5 26 dark gray clayey silt piston Raleigh 0.240 1.070 0.116
B-33 ST-5 26.2 dark gray silty f. to m. sand piston Raleigh 0.111 0.658 0.067
B-32 ST-6 31.2 gray silt with trace of sand piston Raleigh 0.081 0.906 0.042
B-32 ST-2 9.5-11.5 fly ash piston Charlotte 0.183 1.300 0.080

B-6 20-22 gray fine sandy silt shelby tube Charlotte 0.123 1.466 0.050
OW-12 15-17 gray silty f. to c. sand shelby tube Charlotte 0.089 1.057 0.043
OW-18 8.5-10.5 gray clayey silt shelby tube Charlotte 0.213 1.170 0.098
OW-19 40-42 gray sandy silty clay shelby tube Charlotte 0.166 0.718 0.097

0.151 1.043 0.074
0.145 1.063 0.073
0.059 0.276 0.028

0.154 0.984 0.076
0.147 0.988 0.073
0.072 0.270 0.031

0.148 1.103 0.072
0.145 1.114 0.073
0.054 0.309 0.029

Shelby Tube Samples
mean

median
standard deviation

Piston Samples
mean

median
standard deviation

Table 3:  Ash Ccε Values

All Samples
mean

median
standard deviation

 
 
The mean, median, and standard deviation among the sample varieties were consistent.  A Ccε value of 0.1 was 
used during settlement analysis, generally corresponding with the median plus one standard deviation. 
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Four consolidation tests were conducted on relatively undisturbed saprolite.  The saprolite samples were 
recovered using the Shelby tube method.  Consolidation test results are summarized in Table 4. 
 

Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Cc           

(8-16 ksf)
eo

Ccε          

(8-16 ksf)

B-6 76-77 tan and white  m. to f. 
sandy silt w/ mica shelby tube Charlotte 0.110 0.578 0.070

OW-8 20-22 reddish tan and white 
micaceous sandy silt shelby tube Charlotte 0.308 1.110 0.146

B-24 40-42 brown white tan silty 
m. to f. sand w/ mica shelby tube Charlotte 0.131 0.787 0.073

0.183 0.825 0.096
0.131 0.787 0.073
0.109 0.268 0.043

mean
median

standard deviation

Table 4:  Saprolite Ccε Values

 
 
The Ccε value for the OW-series boring was twice as high as the Ccε value for the B-series borings, skewing the 
statistical data and greatly increasing the standard deviation.  A Ccε value of 0.12 was used during settlement 
analysis, generally corresponding with the median plus one standard deviation. 
 
Secondary compression indices were also estimated from the consolidation tests; results are presented in Tables 
5 and 6. 
 

Sample Depth 
(feet)

Material 
Description

Sampling 
Method

Laboratory 
Location

Cα              

(16 ksf)     
eo

Cαε          

(16 ksf)

B-33 ST-5 26 dark gray 
clayey silt piston Raleigh 0.0043 1.0699 0.0021

B-33 ST-5 26.2 dark gray silty 
f. to m. sand piston Raleigh 0.0018 1.0699 0.0009

B-32 ST-6 31.2 gray silt with 
trace of sand piston Raleigh 0.0018 1.0699 0.0008

B-32 ST-2 9.5-11.5 fly ash piston Charlotte 0.0037 0.6584 0.0022

B-6 20-22 gray fine sandy 
silt shelby tube Charlotte 0.0025 0.6584 0.0015

OW-12 15-17 gray silty f. to 
c. sand shelby tube Charlotte 0.0019 0.6584 0.0011

OW-18 8.5-10.5 gray clayey silt shelby tube Charlotte 0.0068 0.9059 0.0036

OW-19 40-42 gray sandy silty 
clay shelby tube Charlotte 0.0045 0.9059 0.0024

0.0034 0.8746 0.0018
0.0031 0.9059 0.0018
0.0018 0.1915 0.0009

mean
median

standard deviation

Table 5:  Ash Cαε Values
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Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Cα           eo Cαε          

B-6 76-77 tan and white  m. to f. 
sandy silt w/ mica shelby tube Charlotte 0.0026 0.578 0.0017

OW-8 20-22 reddish tan and white 
micaceous sandy silt shelby tube Charlotte 0.0083 1.110 0.0039

B-24 40-42 brown white tan silty m. 
to f. sand w/ mica shelby tube Charlotte 0.0022 0.787 0.0013

0.0044 0.825 0.0024
0.0026 0.787 0.0015
0.0034 0.268 0.0027

mean
median

standard deviation

Table 6:  Saprolite Cαε Values

 
 
Modified secondary compression indices of 0.0018 for ash and 0.0024 for saprolite, generally corresponding 
with the mean value for each material, were used during settlement analysis. 
 
Coefficient of consolidation parameters for each material are summarized in Tables 7 and 8. 
 

Sample Depth 
(feet)

Material 
Description

Sampling 
Method

Laboratory 
Location

Cv              

(16 ksf)     
(ft2/day)     

B-33 ST-5 26 dark gray 
clayey silt piston Raleigh 2.9310

B-33 ST-5 26.2 dark gray silty 
f. to m. sand piston Raleigh 3.4180

B-32 ST-6 31.2 gray silt with 
trace of sand piston Raleigh 3.4420

B-32 ST-2 9.5-11.5 fly ash piston Charlotte 4.5600

B-6 20-22 gray fine sandy 
silt shelby tube Charlotte 2.3900

OW-12 15-17 gray silty f. to 
c. sand shelby tube Charlotte 2.0600

OW-18 8.5-10.5 gray clayey silt shelby tube Charlotte 1.8800

1
2.6605
1.0689

Table 7:  Ash Cv Values

median
standard deviation

OW-19 40-42 gray sandy silty 
clay shelby tube Charlotte 1.2000

2.735mean
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Sample Depth 
(feet) Material Description Sampling 

Method
Laboratory 
Location

Cv           

(16 ksf)   
(ft2/day)   

B-6 76-77 tan and white  m. to f. 
sandy silt w/ mica shelby tube Charlotte 1.3200

OW-8 20-22 reddish tan and white 
micaceous sandy silt shelby tube Charlotte Not Taken

B-24 40-42 brown white tan silty m. 
to f. sand w/ mica shelby tube Charlotte 1.8000

1.5600
1.5600
0.3394

Table 8:  Saprolite Cv Values

mean
median

standard deviation  
 
Coefficient of consolidation parameters of 2.7 ft2/day for ash and 1.6 ft2/day for saprolite, generally 
corresponding with the mean and median, were used during analysis. 
 
The material parameters used during settlement analysis are summarized in Table 9. 
 

Material Unit Weight 
(pcf)

Ccε              

(8-16 ksf)
Cαε              

(16 ksf)

Cv               

(16 ksf)      
(ft2/day)     

Ash 90 0.10 0.0018 2.7
Saprolite 110 0.12 0.0024 1.6

Table 9:  Material Parameters Summary

 
 
CALCULATIONS: 
 
Primary settlement: 
 
Primary settlement was evaluated using the primary consolidation formula [Ref. 1, Eq. 8-11] coded into 
geographic information system (GIS) software.  Using GIS software allowed the settlement evaluation to be 
conducted using three-dimensional surfaces.  Specifically, the proposed cover system grading plan, liner system 
grading plan, bottom of ash, top of partially weathered rock, top of bedrock, and long term seasonal high 
groundwater contours were imported into GIS software.  These grading plans and contour maps are illustrated in 
Figures 1 through 6.  Once these grading plans or contour maps were imported into GIS, a raster (or grid) with cell 
sizes of one foot by one foot was generated.  Next the depth to groundwater and thicknesses of the waste fill, retired 
sh basin (RAB) ash, and saprolite was calculated at each grid point.  The calculated layer thicknesses were used to 

w ash was 
nitial and final stresses, and the properties 

sted in Table 9 were used to calculate the settlement at each grid point. 

a
compute the initial effective overburden pressure.  The stress increase caused by the placement of the ne
computed using a one-dimensional analysis.  The layer thicknesses, the i
li
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The time to 90% consolidation was also calculated for generalized strata thicknesses and parameters.  Assuming 
fifty feet of doubly-drained RAB ash, the time to 90% consolidation is calculated in Table 10. 
 

Material Percent 
Consolidated

T           
[Ref. 1, 

Table 9-1]

Hdr              

(feet)
Cv               

(ft2/day)     
t        

(years)

Ash 90 0.848 25 2.7 0.54

Table 10:  90% Consolidation
  

 
 
The time to 90% consolidation is estimated to be on the order of six months.  We believe this is conservative 
ecause the RAB ash is interbedded with fine and coarse layers, therefore the actual drainage distance may be b

smaller than 25 feet. 
 
Secondary settlement: 
 
Secondary (creep) settlement was calculated for generalized strata thicknesses and parameters in Table 11. 
 

Cαε      
H    

(feet)
t       

(years)
t90        

(years)

      
Ss,ash  

(in)
Cαε       

H     
(feet)

t       
(years)

t90        

(years)

            
Ss,saprolite       

Secondary Consolidation - Ash Secondary Consolidation - Saprolite Total 
Secondary 

Consolidation 

Table 11:  Typical Secondary Settlement

(in)
{Ss}           
(in)

0.0018 50 30 0.54 1.88 0.0024 60 30 0.54 3.01 4.90  
 
Secondary settlement was found to be small in comparison to the primary settlement; therefore secondary 
settlement was not included during the total settlement calculation. 
 
Liner System Strain: 
 
Pre-settlement liner lengths were compared to post-settlement lengths for eight sections, as show e 10.  

ettlements and resultant liner strain are calculated in the table below. 
n in Figur

S
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Elevation 1 
(feet)

Elevation 2 
(feet)

Horizontal 
Length 
(feet)

Slope 
Length 
(feet)

Elevation 1 
(feet)

Elevation 2 
(feet)

Horizontal 
Length 
(feet)

Slope 
Length 
(feet)

L3B 644.00 620.00 73.59 77.40 643.52 615.04 73.59 78.91 1.94
L3A 638.10 618.00 555.66 556.02 633.61 611.27 555.66 556.11 0.02
L1A 642.00 630.03 493.49 493.64 637.78 624.48 493.49 493.67 0.01
L1B 631.96 625.50 26.93 27.70 631.56 622.92 26.93 28.29 2.12
L2A 630.12 618.00 474.44 474.60 623.58 612.84 474.44 474.57 -0.01

B 622.08 616.01 28.03 28.68 621.44 613.53 28.03 29.12 1.55L2
L4A 630.00
L4B 633.95

622.00 311.96 312.06 623.46 616.92 311.96 312.03 -0.01
619.11 46.18 48.50 633.31 615.84 46.18 49.37 1.79

Table 12: Liner Strain

Strain 
(%)

Section

Pre-Settlement Post-Settlement

  

ESULTS and CONCLUSIONS: 
 
Using GIS software, the results of the settlement evaluation are reported on a settlement contour map provided 
as Figure 7.  Results indicate maximum estimated settlements on the order of 7 to 8 feet.  A spreadsheet 
validation of the GIS software analysis is provided in Attachment 1. 
 
The estimated settlement was subtracted from the proposed liner system grading plan to generate a post 
settlement liner system contour map as illustrated in Figure 8.  The post settlement liner system contour map 
was evaluated using GIS software to identify post settlement slopes.  The post-settlement liner system slopes 
are illustrated in Figure 9.  Review of the post-settlement liner system slopes indicate that the slopes meet or 
exceed the 2 percent post settlement design criteria. 
 
Estimated long-term seasonal high groundwater elevations (S&ME, 1997) are illustrated on the post settlement 

ner system contour map provided in Figure 8.  Review of Figure 8 indicates a minimum vertical separation of 
water table. 

o settlement was calculated to be between 0.00% and 2.68%, less than the 
% allowable strain. 

ired post settlement liner system slopes, 
ertical separation from estimated long-term seasonal high groundwater, and acceptable liner system strains. 

 
For each cross-section, the calculated strain was below 5%, meeting design specifications. 
 
R

li
approximately 4 feet between the liner system base and the long-term seasonal high ground
 
The strain on the geomembrane due t
5
 
Based on the analyses and results reported in this calculation package the proposed RAB ash landfill can 
tolerate settlements on the order of 7 to 8 feet while maintaining requ
v
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. “Geomembrane Liner Durability:  Contributing Factors and the Status Quo”, Ian D. Peggs, 
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ATTACHMENT 1 – GIS MODEL & SPREADSHEET VALIDATION 
 

Point No.

RAB Ash 
thickness
, H (ft)

Ash Fill 
Thickness 
(ft)

Subrade 
to GW (ft)

Existing 
Grade to 
GW

Saprolite 
Thickness

Landfill 
Overburden 
(psf)

Initial 
Vertical 
Effective 
Stress 
(Ash) 
(psf)

Ash 
Settlement 
(ft)

Initial 
Vertical 
Effective 
Stress 
(Saprolite) 
(psf)

Saprolite 
Settlement 
(ft)

Spreadsheet 
Total 
Settlement 
(ft)

GIS Model 
Total 
Settlement

1 30.90 123.01 28.58 15.92 43.08 11,070.90      2559.23 2.24 4010.95 2.97 5.22 5.22
2 63.38 108.77 28.02 20.79 20.00 9,789.30        2822.64 4.12 4173.28 1.26 5.38 5.37
3 50.00 136.15 23.28 14.58 23.78 12,253.50      2382.79 3.94 3638.76 1.83 5.77 5.77
4 42.13 102.13 18.67 12.48 33.28 9,191.70        1917.25 3.21 3290.70 2.31 5.53 5.53
5 42.04 164.00 44.87 16.85 37.12 14,760.00      4153.39 2.77 5617.00 2.49 5.26 5.26
6 52.78 36.32 12.65 7.42 31.75 3,268.80        1662.07 2.49 3146.09 1.18 3.67 3.67
7 52.11 74.67 15.90 8.01 30.91 6,720.30        1929.04 3.40 3383.82 1.76 5.16 5.16
8 17.02 83.87 12.39 30.39 58.98 7,548.30        511.21 2.04 2149.81 4.63 6.67 6.67  

 
To verify the spreadsheet calculation with the GIS software analysis, point No. 1 will be 
chosen for all calculation purposes.  The total settlement from the spreadsheet was simply 
the summation of the total ash settlement and the total saprolite settlement.  Therefore, 
the primary settlement equation below had to be applied to each material.   
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sc = primary settlement due to consolidation 
Ccε = modified compression index      
H0 = initial height 
σ'v0 = initial effective overburden pressure 
Δσ = change in effective overburden pressure 
 
Before the settlement could be determined, the initial effective overburden pressure for 
each material and the change in effective overburden pressure due to fill had to be 
calculated.  The change in effective overburden pressure was a result of the ash fill placed 
on top of the retired ash basin.  This effective overburden pressure may be calculated by 
the following equation: 
 

)( ThicknessFillAshashγσ =Δ  
 
The dry unit weight of ash was assumed to be 90 pcf while the ash fill thickness at point 
No. 1 was 123.01 feet.  With these values known, they can be plugged into the equation 
to solve for the change in effective overburden pressure. 
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This change in effective overburden pressure can be applied to the primary settlement 
equation for both ash and saprolite. 
 



The initial effective overburden pressure for both ash and saprolite then needs to 
calculated.  These pressures can be calculated using the equations below: 
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The unit weights can be found in the following table.  With these unit weights and the 
thicknesses from subgrade to groundwater, existing grade to groundwater, RAB ash 
thickness, and saprolite thickness from the previous table, the initial effective overburden 
pressure can be found for both ash and saprolite. 
 
Ash Unit Weight 90 pcf 
Saprolite Unit Weight 110 pcf 
Water Unit Weight 62.4 pcf 
Ash Bouyant Unit Weight 27.6 pcf 
Saprolite Bouyant Unit Weight 47.6 pcf 
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With the change in effective overburden pressure due to the placement of fill and the 
initial effective overburden pressures known for both ash and saprolite, the settlement for 
each material can be determined.  The modified compression indices are 0.1 for ash and 
0.12 for saprolite.  With these known values, they can be plugged into the primary 
settlement equation as follows: 
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With the settlement for each material known, the total settlement is a simple summation 
of the two settlements. 
 

ftftftsss saprolitecashctotalc 21.597.224.2 =+=+=  
 
This calculated value is equal to the settlement predicted by the GIS software. 
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OBJECTIVE:  

Evaluate the liquefaction potential of subgrade soils at the proposed retired ash basin (RAB) ash landfill. 

 

METHOD:  

In order to evaluate the liquefaction potential of subgrade soils, the cyclic stress ratio induced by a seismic 

event (CSREQ) was compared to the cyclic resistance ratio (CRR) of subgrade soils developed from cone 

penetration test (CPT) data.  The method used to evaluate liquefaction potential is in general accordance with 

that proposed by Youd et al. (2001) and the Seismic Design Guidance Manual for MSW Landfill Facilities 

(USEPA, 1995).  The procedure outlined within these documents was coded into a spreadsheet and evaluated 

for various CPT locations. 

 

A total of eleven CPT soundings within the landfill footprint (shown in Figure 1) were evaluated for 

liquefaction potential.  Surcharge heights expected above CPT sounding locations vary from 0 to 48.8m (160 

ft).  Due to this variation, CSREQ was evaluated considering an average surcharge height of 24.4m (80 ft). 

 

Design Criteria 

The design criterion of a factor of safety against liquefaction of 1.0 was used for analysis herein (USEPA 1995) 

Factor of Safety 

The factor of safety of liquefaction was estimated using Equation 1 (Youd et al., 2001).  

0.15.7 >∗∗⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= σKMSF

CSR
CRR

FS
EQ

onLiquefacti        (Equation 1) 

Where: 

  FSLiquefaction = factor of safety against liquefaction failure; 

  CRR7.5 = cyclic resistance ratio developed from CPT data; 

  CSREQ = cyclic stress ratio induced by a seismic event; 

  MSF = magnitude scaling factor; and, 

  Kσ = overburden correction factor. 
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A lower-bound MSF relationship recommended by Youd et al. (2001) was used and is shown below. 

⎟
⎠

⎜
⎝

= 56.2
wM

MSF ⎟
⎞

⎜
⎛ 24.210           (Equation 2) 

Where Mw = Moment magnitude. 

A moment magnitude, Mw, of 7.3 was used for the design event. 

 

The overburden correction factor (Kσ) was estimated with the relationship recommended by Youd et al. 

(2001). 
)1(

'
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

f

a

vo

P
K

σ
σ           (Equation 3) 

Where:  

σvo’= effective vertical stress (kPa); 

Pa = atmospheric pressure (kPa); and,  

f = ranges from 0.7-0.8 for relative densities ranging from 40% to 60% and from 0.6 to 0.7 for 

relative densities ranging from 60% to 80% respectively. 

 

 

Evaluation of CSREQ  

The cyclic stress ratio induced by a seismic event (CSREQ) was estimated using Equation 4.   

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∗∗∗=

'
65.0 max

vo

vo
dEQ r

g
a

CSR
σ
σ

         (Equation 4) 

Where: 

 amax = peak ground surface acceleration(m/s2); 

 g = acceleration of gravity (m/s2); 

 rd = stress reduction factor; 

 σvo = total vertical stress (kPa); and 
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 σvo’= effective vertical stress (kPa). 

  

Evaluation of amax  

The site specific peak ground surface acceleration was estimated using USGS Earthquake Ground 

Motion Parameters v5.0.8 with site-specific input parameters.  These included latitude and longitude 

values for the ash landfill (35.18319, -81.00881) and seismic site classification (D).  The site specific 

peak ground surface acceleration was estimated at 0.20g.  A detailed discussion of the site specific peak 

ground acceleration is provided in the companion calculation package for global slope stability.   

 

Evaluation of rd  

Equation 5, presented within Youd et al. (2001), was used to estimate the stiffness reduction factor at 

varying depths, z.  

)001210.0006205.005729.04177.0000.1(
)001753.004052.4113.0000.1(

25.15.0

5.15.0

zzzz
zzzrd +−+−

++−
=     (Equation 5) 

Equation 5 is typically used for depths < 23 m.  The behavior of rd with increasing depth is shown in 

Figure 2. 

 

As discussed previously, an average surcharge of 24.4m (80ft) is expected.  Figure 2 indicates that the 

use of rd evaluated at the maximum recommended applicability depth of 23m (rd = 0.57) for all CPT 

sounding depths would be conservative. 

Evaluation of ⎟⎟
⎠

⎞

⎝

⎛
'vo

vo

σ
σ

⎜⎜  

The total and effective vertical stresses used in evaluation of CSREQ were increased by an expected 

surcharge stress equivalent to the anticipated average overburden of 24.4m (80ft) x 14.1kN/m3 (90pcf). 
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Evaluation of CRR  

The cyclic resistance ratio CRR of subgrade soils was evaluated in general accordance with the method 

recommended by Youd et al. (2001).  This involved normalizing cone penetration tip resistance (qc1N); 

evaluating the soil behavior type index (Ic); and finally, converting normalized tip resistance values to clean-

sand equivalent normalized resistance values. 

  

Normalization of qC1N 

 The field tip resistance (qc) was normalized with Equation 6 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

a

c
QNc P

q
Cq 1           (Equation 6) 

Where: 

 qc1N = normalized tip resistance; 

 CQ = normalizing factor; 

 qc = field tip resistance value; and 

 Pa = 1 atmosphere of pressure. 

CQ was then evaluated with Equation 7 
n

vo

a
Q

P
C ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

'σ

])'/][(/)[( n
voaavoc PPqQ σσ−=

5.022 ])log22.1()log47.3[( FQIc ++−=

           (Equation 7) 

Where: 

  0.15.0 ≤≤ n

 

Evaluation of Ic  

The soil behavior type index Ic allows for a rough estimation of soil type.  The evaluation of Ic and n was 

simultaneous. The exponent n was evaluated using an iterative procedure relying on Equations 8, 9, and 

10 presented below.   

        (Equation 8) 

       (Equation 9) 
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         (Equation 10) 

Where: 

 Q = dimensionless tip resistance; 

Ic = soil behavior type index; 

 F = normalized friction ratio; and 

 fs = CPT sleeve resistance. 

 

It was first assumed that n = 1.0.  Q and Ic were calculated with equations 8 and 9, respectively.  If Ic > 

2.6, the soil was classified as clayey, non-liquefiable, and the evaluation stopped for that depth.  

However, if Ic < 2.6, a new evaluation was carried through with n = 0.5. 

 

Using n = 0.5, Q and Ic were recalculated.  If Ic < 2.6, then the evaluation stopped and n = 0.5 was used.  

Otherwise, if Ic > 2.6, it was recalculated using n = 0.7 and the evaluation was stopped. 

 

Conversion of qc1N to (qc1N)cs 

The normalized penetration resistance was converted to clean-sand equivalent normalized cone 

penetration resistance using Equations 11 and 12-14.  

          (Equation 11) 

   (Eq. 12-14) 

Where: 

 (qc1N)cs = clean-sand equivalent normalized cone penetration resistance; 

 Kc = correction factor for grain characteristics. 
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Kc was evaluated according to the final Ic used when selecting (n).  Once Kc is known, the tip resistance 

can be converted to clean-sand equivalent resistance. 

 

Equations 15 and 16, presented below, were used to determine the cyclic resistance ratio for magnitude 7.5 

(CRR7.5) earthquakes.  

05.0
1000

)(
833.050)(

3
1

5.71 +⎥⎦
⎤

⎢⎣
⎡=→< CSNc

CSNc
q

CRRq        (Equation 15) 

08.0
1000

)(
93160)(50

3
1

5.71 +⎥⎦
⎤

⎢⎣
⎡=→<≤ CSNc

CSNc
q

CRRq       (Equation 16) 

 

 

CALCULATIONS:  

MS Excel was used to evaluate FSLiquefaction for a number of CPTs performed on the ash landfill subgrade.  The 

reduction factor rd and ratio of total to effective stress used in estimating the CSREQ were based on an assumed 

surcharge of 7.2ksf (equivalent to 80’ of 90pcf overburden). CRR values were estimated for CPT sounding 

conditions (no surcharge).  Calculations are presented in spreadsheets along with hand calculated verification in 

Attachment 1. 

 

 

RESULTS: 

Figures 3 through 13 compare CSREQ to CRR7.5 values and the location of the seasonal high water table.  

Results indicate factors of safety greater than 1.0. 

 

The minimum FS against liquefaction from evaluation of CPT logs is presented in Table 1.  CPT-16 and 17 are 

located along the southern boundary of the landfill footprint.  The north, east, and west boundaries will be 

buttressed by existing earthen dikes and a new landfill perimeter berm.  The southern landfill boundary does not 

extend to the existing earthen dikes and will be buttressed only by the new landfill perimeter berm.  It is likely 
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that the average surcharge height used in liquefaction potential evaluation is greater than actual surcharge height 

at these locations.  Accordingly, a minimum surcharge height that provides a FS > 1.0 was estimated.  CPT-16 

and 17 minimum required surcharges to maintain FS > 1.0 are presented in Table 2. 

 
Table 1. Minimum FS Values with Average 14.4ksf Surcharge 

CPT # Minimum FS

5 1.85 
6 1.23 
7 1.28 
8 1.12 
9 1.56 

10 1.22 
12 1.20 
15 1.43 
16 1.42 
17 1.13 
18 1.23 

 
Table 2. Minimum Surcharge Required for FS>1.0 

Minimum Surcharge CPT # 

(m) (ft) 

16 11 36 
17 16 52 

 

 

 

 

DISCUSSION: 

 

The factor of safety evaluation, as coded in the spreadsheets, did not exclude data points above the ground water 

table.  Materials above the ground water table are not subject to liquefaction.  Accordingly, the FS values 

presented in Table 1 were evaluated from soils below the estimated seasonal high water table. The minimum FS 

for data points below the estimated seasonal high ground water table exceed 1.0.  CPT-16 and 17 require at least 

11 and 16 meters (33ft and 52ft) of surcharge respectively, to maintain a FS ≥1.0. 
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Figure 1. CPT Boring Locations within Landfill Footprint 
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Figure 2. The Effect of Depth on rd Value. 

 



 
JOB NO. 1356-06-825 

SHEET NO. 12 / 22 

 DATE 3/5/08 

JOB NAME Duke Energy-Plant Allen Ash Landfill COMPUTED BY WMH 

SUBJECT Liquefaction Potential Analysis CHECKED BY  
 

CSR and CRR

0

10

20

30

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

CSR or CRR

D
ep

th
 (f

t)

40

50

60

CSR
CRR(CPT-5)
Water Table

 

Above G.W.T. 
Non-Liquefiable 

Figure 3. CSR, CRR and Water Table for CPT-5 
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Figure 4. CSR, CRR and Water Table for CPT-6 
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Figure 5. CSR, CRR and Water Table for CPT-7 
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Figure 6. CSR, CRR and Water Table for CPT-8 
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Figure 7. CSR, CRR and Water Table for CPT-9 
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Figure 8. CSR, CRR and Water Table for CPT-10 
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Figure 9. CSR, CRR and Water Table for CPT-12 
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Figure 10. CSR, CRR and Water Table for CPT-15 
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Figure 11. CSR, CRR and Water Table for CPT-16 
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Figure 12. CSR, CRR and Water Table for CPT-17 
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Figure 13. CSR, CRR and Water Table for CPT-18 
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OBJECTIVE: 
Evaluate the global slope stability of the proposed ash landfill over the Retired Ash Basin (RAB) at Allen Steam 
Station.   
 
METHOD: 
Analyze the static and seismic slope stability of two representative sections identified as the north-south cross-
section and the east-west cross-section.  The seismic stability was analyzed using a pseudo-static approach (i.e., 
static with the addition of a seismic force coefficient).  Three conditions were analyzed:  Construction Static, 
Post-Construction Static, and Post-Construction Pseudo-Static.  Geostudio’s SLOPE/W computer program was 
used, running Spencer’s Method, to analyze the static and pseudo-static slope stability.   
 
CALCULATIONS: 
 
Design Criterion 
The target factor of safety for Post-Construction Static (final, long-term) analyses was adapted from USACE 
(2003) documents as 1.5.  The target factor of safety for Construction Static (short-term) analyses was adapted 
from Duncan (1992) as 1.3.  For the Post-Construction Pseudo-Static analyses, the maximum acceleration 
generated by the design earthquake was compared to the yield acceleration computed for the post-construction 
geometry and properties.  In accordance with the Seismic Design Guidance for Municipal Solid Waste Landfills 
manual from EPA (1995), performance was acceptable if the yield acceleration was less than the maximum 
acceleration. 
 
Cross Sections 
 
Subsurface data including stratigraphy and location of the water table were obtained from soil test boring logs 
and observation well logs developed by S&ME (2007).  Supplemental data was obtained from previous reports 
conducted at the site [LAW (1982, 1998), MACTEC (2003) and Shield (2004)]. 
 
Two general cross sections were developed for slope stability analyses and the locations are illustrated on 
Figure 1.  The sections are indentified as the North-South section (or A-A’) and the East-West section (or B-
B’).  The North-South cross section is shown in Figure 2.  The East-West cross section is shown in Figure 3.  
The proposed ash fill will be placed on top of the RAB.  The RAB contains fly and bottom ash ranging in 
thickness from about 15 to 55 feet.  
 
The RAB is surrounded by earthen dikes on the North, East, South and West sides.  During ash basin 
operations, the dikes were constructed in sequential stages.  Each new stage was constructed on top of the 
previous stage adding fill to both the upstream and downstream sides and raising the dike elevations by 
approximately 20 feet.  Dikes to the North and East consist of two stages.  The dike to the South consists of a 
third stage.  A cross section illustrating the south dike stratigraphy (C-C’) is provided in figure 4.   We 
understand the West dike consists of only a single stage.   
 
The RAB is underlain by saprolite.  The East dike is partially underlain with saprolite, partially underlain with 
alluvium, and buttressed by fill.  The alluvium borders the Catawba River and is underlain by saprolite.  For the 
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East-West cross section the water table was assumed to start approximately 12 feet below the surface of the 
RAB and decrease in elevation until it reaches the river water surface elevation.  The South dike is underlain by 
saprolite.   
 
For the North-South cross section the water table was assumed to start at the surface of the active ash basin 
(located south of the RAB), decrease in elevation through the South dike, and reach a constant depth of 
approximately 12 ft. 
 
Material Parameters 
The generalized cross-sections consist of 8 material types:  ash fill (in the active landfill), RAB ash (existing in-
place ash), Dike I, Dike II, Dike III, fill, alluvium, and saprolite.  The unit weight, effective strength cohesion 
and effective stress friction angle were estimated for each material.  In addition, the undrained shear strength of 
RAB ash with respect to depth was estimated to account for consolidation strength gain. 
 
 
Unit Weight: 
Laboratory unit weight measurements made by S&ME (2007) as well as values presented in previous reports 
(MACTEC, 2003), are summarized in Table 1 below. 
 
 

TABLE 1:  UNIT WEIGHT LABORATORY 
RESULTS 

Material Sample γd (pcf) ωmoist 
(%) 

γmoist 
(pcf) 

RAB 
Ash B-6 (20-22') 61.8 49.9 92.6 

  OW-12 (15-17') 60.5 41.6 85.7 
  B-13 (20-22') 77.2 20.7 93.2 

  OW-18 (8.5-
10.5') 72.5 37.6 99.8 

  OW-19 (40-42') 91.8 30.7 120.0 
  B-32 (31.2') 77 40.1 107.9 
  Average 73.5 36.8 99.9 

Dike I B-29 (10-12') 96.5 25.1 120.7 
Dike II B-27 (40-42') 83 37.5 114.1 

Alluvium OW-16 (10-12') 97.4 25.1 121.8 
Saprolite B-6 (76-77') 114 16.9 133.3 

  OW-8 (20-22') 62.4 32.3 82.6 
  OW-20 (60-62') 93.9 21.2 113.8 
  B-22 (30-32') 81.4 35.6 110.4 
  B-24 (40-42') 91 25.9 114.6 
  Average 88.5 26.4 110.9 
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Based on the above testing and other typical correlations, the moist unit weights listed in Table 2 were selected 
for use in the stability analyses. 
 
 
 
 
 

TABLE 2:  MATERIAL UNIT 
WEIGHTS 

Material γmoist (pcf) 
Ash Fill 90 

RAB Ash 90 
Dike I 120 
Dike II 115 
Dike III 120 

Fill 110 
Alluvium 110 
Saprolite 110 

 
 
Shear Strength: 
Consolidated undrained triaxial shear strength testing performed for this study on undisturbed samples yielded 
the effective stress strength parameters summarized in Table 3. 
 

TABLE 3:  SHEAR STRENGTH LABORATORY RESULTS 
Material Sample c' (psf) Φ' (degrees) 

RAB 
Ash B-6 (20-22') 140 33.0 

  OW-12 (15-17') 90 29.5 

  OW-18 (8.5-
10.5') 140 29.3 

  B-13 (20-22') 190 25.2 
  Average 140 29 

Dike I B-29 (10-12') 600 25.9 
Dike II B-27 (40-42') 40 33.8 

Saprolite OW-20 (60-62') 420 29.8 
  B-22 (30-32') 70 31.8 
  B-28 (61-63') 310 28.9 
  Average 266.7 30.2 

 
 
Based on the above laboratory strength test results and parameters reported in literature for similar soils, the 
effective stress shear strength parameters presented in Table 4 were selected for use in the stability analyses. 
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TABLE 4:  MATERIAL SHEAR STRENGTHS 
Effective Strength

Material c' 
(psf) 

Φ' 
(degrees) 

Source or Comment 

Ash Fill 0 34 Table 5.2 Oweis et. Al. 1998 
RAB Ash 0 25 Lower Bound of B-6, OW-12, OW-18, B-13 

Dike I 600 26 B-29 
Dike II 0 34 B-27 
Dike III 0 34 Assumed similar to Dike II 

Fill 100 32 NAVFAC 7.2-39 
Alluvium 100 32 NAVFAC 7.2-39 
Saprolite 70 32 OW-20, B-22, B-28 

 
 
Undrained Shear Strength: 
Based on its predominantly fine-grained characteristics, the RAB Ash is expected to have no time to drain under 
rapid earthquake loading.  An undrained shear strength of RAB Ash was therefore used during pseudo-static 
loading to evaluate seismic stability.  The RAB Ash beneath the proposed landfill will consolidate and thereby 
gain strength as the overburden stresses increase as a result of filling.  The ratio of the undrained shear strength 
to overburden stress can be calculated based on CU Triaxial test results by using the following equation:  
 

3

31
2σ
σσ

σ'
S

c

u −
=         (Equation 1) 

 
Where 
Su = undrained shear strength (psf) 
σ’c = isotropic consolidation stress (psf) 
σ1 = normal stress at failure for a triaxial shear test (psf) 
σ3 = confining stress at failure for a triaxial shear test (psf) 
 
The confining stresses and normal stresses at failure measured during our CU triaxial testing of RAB ash 
samples (S&ME, 2007) are summarized in Table 5. 
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TABLE 5:  Su/σ'c RATIO 
Sample σ1 σ3 Su/σ'c 

B-6 UD-1 2.8 1.4 0.50 
B-6 UD-1 9.7 4.3 0.63 

OW-12 UD-1 2.4 1.4 0.36 
OW-12 UD-1 9 4.3 0.55 

B-13 2.5 1.4 0.39 
B-13 7.5 4.3 0.37 

OW-18 UD-1 4.4 1.4 1.07 
OW-18 UD-1 8.65 4.3 0.51 

mean 0.55 
median 0.50 
std. dev 0.23 

median - 1 std. dev. 0.27 
 

 
As a check on the reasonableness of our laboratory testing results, the SHANSEP method (Ladd, 1996) was 
considered.  According to the SHANSEP method, the undrained strength to overburden stress ratio can be 
estimated as: 
 

( )m
c

u OCRS
S

=
'σ

        (Equation 2) 

 
Where 
Su = undrained shear strength (psf) 
σ’c = effective vertical consolidation stress (psf) 
S, m = material-dependent variables 
OCR = over consolidation ratio 
 
For normally consolidated (OCR=1), sedimentary deposit of silts and organic soils Ladd (1996) reports: 

( ) 0502501050250 80 ..)..(
'

. ±=±=
c

us
σ

        (Equation 3) 
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We note that the lower bound Su/σ’c   ratio based on our RAB Ash CU laboratory data (0.27 for the median – 1 
standard deviation) is similar to the SHANSEP estimate for normally consolidated silts and organic soils (Ladd, 
1996).   Therefore, the lower bound Su/σ’c value for the median – 1 standard deviation of 0.27 was used to estimate 
the undrained shear strength of the RAB Ash for pseudo-static slope stability.   
 
Pseudo-static analyses were performed for final long-term conditions only.  The initial undrained strength at the 
time of seismic loading was calculated assuming that the RAB Ash was fully consolidated under the weight of new 
landfill.  Using the Su/σ’c ratio of 0.27, the initial undrained shear strength value was calculated for the long term 
condition as 5078.7 psf. 

 
Since the effective stress increases with depth, the undrained shear strength of the normally consolidated RAB Ash 
will also increase with depth.  For the modeling conditions summarized in Table 6, the RAB ash shear strength will 
increase at a rate of 7.5 psf/ft below a depth of 13 ft, which corresponds to the depth to the water table. 
 

TABLE 6:  SHEAR STRENGTH RATE OF INCREASE 
Depth to Water (ft): 13   

Total Unit Weight of RAB Ash (pcf): 90   
Su/σ’c value: 0.27   

Fill Unit Weight (pcf): 90   
      

Depth 
Below RAB 

Surface 
(feet) 

Total 
Stress 
(psf) 

Initial 
Effective 
Stress 
(psf) 

Initial 
Undrained 

Shear 
Strength 

(psf) 

Rate 
change 
per 5-ft 

Rate 
Change 
per 1-ft 

13 1170 1170 315.9     
15 1350 1225.2 330.8 87.8 17.6 
20 1800 1363.2 368.1 37.3 7.5 
25 2250 1501.2 405.3 37.3 7.5 
30 2700 1639.2 442.6 37.3 7.5 
35 3150 1777.2 479.8 37.3 7.5 
40 3600 1915.2 517.1 37.3 7.5 
45 4050 2053.2 554.4 37.3 7.5 
50 4500 2191.2 591.6 37.3 7.5 
55 4950 2329.2 628.9 37.3 7.5 

 
 
A value of 7.5 psf/ft was used to model the increase in undrained shear strength with respect to depth for the 
RAB ash below the water table.  This value is used in the analysis by SLOPE/W as the user inputs the starting 
cohesion and the rate of increase with depth, as defined above, and if appropriate, a maximum or limiting 
cohesion value.  After inputting both of these parameters a datum point is selected and the program starts at the 
initial cohesion value and increases it at the specified rate until the maximum permissible value is achieved. 
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Pseudo-static Analysis 
In a pseudo-static analysis, the cyclic loading generated by an earthquake is simplified to one horizontal force, 
which is represented by a seismic coefficient.  The seismic coefficient is taken as the acceleration (expressed as 
a fraction of gravity) of the potential failure mass.  To evaluate the appropriate seismic coefficient or maximum 
horizontal acceleration of the failure mass, a three step process is used.  The first step is to evaluate the rock 
motion or the peak horizontal ground acceleration (PHGA) at the rock to soil interface (i.e., the B/C boundary).  
This value is plotted on USGS seismic hazard maps.  The next step is to account for site specific amplification 
or attenuation that will occur as the seismic waves propagate upward from the rock through the soils 
encountered at the site.  This can be estimated by performing dynamic site response analyses or by use of 
published empirical amplification factors.  For this study, the amplification factors for Site Class D conditions, 
as defined in the 2003 NEHRP Seismic Design Provisions, were used to estimate the site peak ground 
acceleration (PGA) or free-field acceleration.  The final step is to modify the free-field acceleration to account 
for the three-dimensional nature of the landfill or large earthen embankment.   
 
The PHGA at the rock surface (or B/C boundary) was selected in accordance with North Carolina Solid Waste 
Rules and RCRA Subtitle D regulation Part 258.14 (40 CFR Part 258), summarized below:  
 

Section 258.14:  landfills must be designed for seismic conditions if they are within a    [EPA, 1995] 
seismic impact zone defined as having a peak horizontal acceleration exceeding 0.10 g  
based on a 90% probability of non-exceedance over a 250 year period (corresponding to  
a 2,500 year return period, or a 2% probability of exceedance over a 50 year period). 

 
The PHGA of 0.15g (B/C boundary) for an event having a 2% probability of exceedance over a 50 year period 
was interpolated from the U.S. Geological Survey 2002 National Seismic Hazard Maps based on the 
approximate project location coordinates.  The peak ground acceleration map and interpolated peak ground 
acceleration value are shown below. 
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Site

 

 
 

 
 
 
NEHRP 2002 provides a widely used empirical method to estimate the site specific spectral accelerations based 
on the B/C boundary values.  The method uses the 0.2 second and 1.0 second B/C boundary spectral 
acceleration (SA) values and site amplification factors based on 5 site classifications.  The B/C boundary SA 
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values combined with the amplification factors can be used to generate a site specific response spectrum, from 
which the free-field PGA value can be taken.  Based on shear wave velocity data, the RAB site was assigned a 
Site Class D classification.   The site class D amplification factors corresponding the mapped B/C boundary SA 
values are summarized in Table 7.   
 

TABLE 7:  SPECTRAL ACCELERATION AND AMPLIFICATION FACTOR 
SUMMARY 

0.2 Second Spectral 
Acceleration 

1.0 Second Spectral 
Acceleration 

Amplification 
Factor, Fa 

Amplification 
Factor, Fv 

0.322g 0.106g 1.542 2.374 
 
 
A Java Ground Motion Parameter Calculator available from the USGS website, which incorporates the 
information and procedure presented above, was used to compute a ground surface response spectrum.  The 
output file from the Java program is included in attachment 2.  A ground surface, free-field acceleration value of 
0.20g was computed in this manner.   
 
Once the free-field acceleration is known the acceleration of the potential failure mass (i.e., the new landfill) 
can then be calculated by using the procedure outlined by Bray (1998).  Bray relates the initial fundamental 
period of the waste fill ( ) divided by the normalized mean period of the input rock motion to the 
maximum horizontal equivalent acceleration of the failure mass.  The figures associated with the Bray 
procedure are shown in attachment 2.     

wastemT −

 
The fundamental period of the waste fill is estimated as:   
 

 
s

wastem V
HT 4

=−            Equation (4)  

 
Where 

wastemT −  = Initial fundamental period of the waste fill ( ) 1−s
H     = Height of the failure surface (ft) 
             = Shear Wave velocity of the ash (ft/sec) sV
 
Once the initial period of the waste fill ( ) is calculated it is divided by the mean period of the input rock 
motion ( ) from Rathje (1998), which is provided in attachment 2.  Once this ratio is calculated the 
maximum horizontal acceleration of the failure mass can be calculated based on Figure 7a from Bray (1998), 
which is included in attachment 2.  More specifically, for the RAB landfill, Figure 7a yields the following: 

wastemT −

EQmT −

 

NRFMHA
MHEA

*
 = 0.22  =                  Equation (5) 
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Where 
MHEA = Maximum Horizontal Equivalent Acceleration of the failure mass 
MHA   = Maximum Horizontal acceleration or free-field acceleration, 0.20g as presented above (Figure 6a 
(Bray, 1998)) 
NRF    = Non-Linear Response Factor, 1.2 (Figure 6b (Bray, 1998)) 
 
Substituting the appropriate values for NRF and MHA, the maximum horizontal equivalent acceleration of the 
failure mass (i.e., the seismic coefficient or kmax for the pseudo-static analysis) is computed to be 0.053g. 
 
Analyses 
 
Static and Pseudo-Static 
 
Slope stability analyses were performed on the north-south and the east-west cross sections using SLOPE/W for 
the construction condition and the final (post-construction) condition.  For the construction condition only static 
analyses were performed due to the minimal seismic exposure period of the landfill.  Both static and pseudo-
static conditions were evaluated for the final condition.  In most instances, the auto locate feature was used to 
randomly generate 1,000 potential failure surfaces.  After these potential failure surfaces were analyzed, the 
critical surface was then refined by running an optimization algorithm for 2,000 iterations.  In some instances 
the auto locate feature produced unrealistic results and a potential failure surface with user-defined entrance and 
exit ranges was analyzed.   
 
The post-construction condition was modeled by assuming a deep-seated circular potential failure surface 
passing through the dike.  The construction condition was modeled assuming the ash landfill would be 
constructed in stages with a circular potential failure surface passing through the RAB ash. 
 
Results 
The slope stability analysis results for post-construction and construction conditions are summarized in Tables 8 
and 9, respectively.  The output figures and files for the slope stability analyses are provided in Attachment 1.  
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TABLE 8:  POST-CONSTRUCTION STABILITY 

Cross 
Section Condition Safety 

Factor 

Design 
Criteria 
Safety 
Factor 

  Results 
Figure 

East / West Static 1.99 1.5 OK 5 
North / 
South Static 1.72 1.5 OK 6 

  kmax ky     

East / West 
Pseudo-

static 0.053 0.25 OK 7 
North / 
South 

Pseudo-
static 0.053 0.25 OK 8 

 
 
 
 
 

TABLE 9:   CONSTRUCTION STABILITY 

Cross 
Section Fill Stage Condition Safety 

Factor 

Design 
Criteria 
Safety 
Factor 

  Results 
Figure 

North / 
South 1 Static 2.08 1.3 OK 9 

North / 
South 2 Static 1.45 1.3 OK 10 

North / 
South 3 Static 1.92 1.3 OK 11 

North / 
South 4 Static 1.90 1.3 OK 12 

North / 
South 5 Static 1.80 1.3 OK 13 

 
 
 
 
 
 
CONCLUSIONS 
Results indicate that static slope stability factors of safety for construction and post-construction conditions 
exceed the minimum factor of safety.  Results also indicate that since the seismic coefficient, kmax, is less than 
yield acceleration, ky, the slope will be stable and seismic deformations are expected to be insignificant. 
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DISCUSSION 
Long-term (final) and interim slope stability conditions are acceptable.   
 
During construction the duration of exposure at the anticipated filling rates is on the order of 15 years.  In the 
context of a design seismic event corresponding to an approximate 2,500 year return period the probability of 
the design seismic event occurring during the construction period is low.  Therefore short term pseudo-static 
conditions were not considered herein. 
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Global Slope Stability Analysis (EW LtoR Static Deep Failure)
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253 Plant Allen Rd.
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FIGURE NO.

6
Global Slope Stability Analysis (NS R to L Static)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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FIGURE NO.

7
Global Slope Stability Analysis (EW LtoR Pseudo-Static Deep Failure)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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FIGURE NO.

8
Global Slope Stability Analysis (NS R to L Pseudostatic FS = 1)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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FIGURE NO.

9
Staged Fill Slope Stability Analysis (LtoR Static Case 1)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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10
Staged Fill Slope Stability Analysis (LtoR Static Case 2)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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11
Staged Fill Slope Stability Analysis (LtoR Static Case 3)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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12
Staged Fill Slope Stability Analysis (LtoR Static Case 4)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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13
Staged Fill Slope Stability Analysis (LtoR Static Case 5)

Allen Steam Station
253 Plant Allen Rd.

BELMONT, NORTH CAROLINA
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Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 10
Optimize Critical Slip Surface

Optimization Maximum Iterations: 2000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: Ash Fill

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 2: RAB Ash
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 3: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 4: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 5: Fill
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 100 psf
Phi: 32 °
Phi-B: 0 °

Material 6: Alluvium
Model: Mohr-Coulomb
Weight: 110 pcf
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Cohesion: 100 psf
Phi: 32 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Regions
Material Points

Region 1 Dike I 2,4,5,6,7,8,9,10,3
Region 2 Fill 5,13,14,15,6
Region 3 Alluvium 11,7,6,15,18,19,20,21
Region 4 Saprolite 20,21,11,12,16,17,22,23,24,25,26,27
Region 5 Dike II 12,30,9,8,7,11
Region 6 RAB Ash 3,10,9,30,12,16,17,31,32,1
Region 7 Ash Fill 32,34,33,2,3,1

Points
X Y

Point 1 371.9807 621.98445
Point 2 1271.9582 625.98435
Point 3 1263.9584 621.98445
Point 4 1294.9576 625.98435
Point 5 1379.9555 585.98535
Point 6 1401.955 575.05229
Point 7 1364.9559 575.05229
Point 8 1294.9576 609.98475
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Point 9 1274.9581 609.98475
Point 10 1239.959 609.98475
Point 11 1284.9579 573.98565
Point 12 1187.9603 575.05229
Point 13 1409.9548 583.9854
Point 14 1504.9524 581.98545
Point 15 1519.952 575.05229
Point 16 279.983 581.98545
Point 17 0 581.98545
Point 18 1566.9508 553.05284
Point 19 1599.95 553.05284
Point 20 1599.945 543.9864
Point 21 1469.9532 543.9864
Point 22 0 567.05249
Point 23 279.983 567.05249
Point 24 1179.9605 541.98645
Point 25 1284.9579 537.98655
Point 26 1469.9532 529.05344
Point 27 1599.95 529.05344
Point 28 1599.945 514.78713
Point 29 0 514.78713
Point 30 1213.9697 585.9853
Point 31 0 610.98473
Point 32 0 621.98445
Point 33 702 816
Point 34 0 816

Tension Crack
Tension Crack Option: Search for Tension Crack
Percentage Wet: 1
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Tension Crack Fluid Unit Weight: 62.4 pcf

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (486, 816)
Left-Zone Right Coordinate: (644, 816)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1206.598, 647.77448)
Right-Zone Right Coordinate: (1365, 593.02322)
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 816)
Right Coordinate: (1599.95, 553.05284)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 609.98475)
Coordinate: (279.983, 609.98475)
Coordinate: (1129.9618, 589.98525)
Coordinate: (1284.9579, 581.98545)
Coordinate: (1469.9532, 575.9856)
Coordinate: (1534.9516, 567.9858)
Coordinate: (1599.945, 567.9858)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: No
Materials Considered

Material: Ash Fill
Material: RAB Ash
Material: Dike I
Material: Dike II
Material: Fill
Material: Alluvium
Material: Saprolite
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Pressure Lines
Pressure Line 1

Coordinates
Coordinate: (1534.9516, 567.9858)
Coordinate: (1599.945, 567.9858)

Pressure (Unit Weight): 62.4 pcf

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.989 (1075.21, 1091.44) 346.2258 (644, 816) (1308.34, 619.687)
2 113 2.051 (1075.21, 1091.44) 511.673 (644, 816) (1287.71, 625.984)
3 122 2.076 (1268.06, 1556.75) 968.586 (644, 816) (1365, 593.023)
4 117 2.084 (1225.34, 1512.93) 907.565 (644, 816) (1326.7, 611.046)
5 108 2.123 (1050.7, 1074.77) 482.049 (644, 816) (1246.75, 634.388)
6 97 2.132 (1243.94, 1588.53) 1002.84 (604.5, 816) (1365, 593.023)
7 92 2.139 (1201.51, 1544.8) 942.107 (604.5, 816) (1326.7, 611.046)
8 106 2.164 (2165.68, 4775.25) 4241.596 (644, 816) (1246.75, 634.388)
9 111 2.168 (2235.14, 5020.93) 4495.901 (644, 816) (1240.91, 636.336)

10 101 2.179 (2053.17, 4503.83) 3947.892 (644, 816) (1206.6, 647.774)
11 83 2.183 (1028.5, 1088.99) 504.28 (604.5, 816) (1246.75, 634.388)

Slices of Slip Surface: Optimized
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.30335 809.1696 -12977.071 453.97006 306.20667 0
2 671.91 795.50875 -12152.223 1361.9535 918.64924 0
3 690.51665 781.8479 -11326.941 2269.9369 1531.0918 0
4 700.91 774.09025 -10858.092 2647.6317 1785.8501 0
5 711.48825 765.0915 -10312.295 3016.262 2034.4944 0
6 730.4648 748.9485 -9332.9239 3636.4366 2452.8075 0
7 749.44135 732.8055 -8353.1515 4256.6514 2871.1476 0
8 771.34145 715.5125 -7306.3557 5122.3714 3455.0831 0
9 796.16515 697.06945 -6192.0516 5795.6102 3909.1885 0

10 821.62885 678.75435 -5086.3312 6581.5529 4439.3135 0
11 847.7326 660.5673 -3989.982 7222.7663 4871.8174 0
12 871.97415 644.12685 -2999.656 7932.5207 5350.5528 0
13 894.35345 629.43295 -2115.6003 8430.4277 5686.3953 0
14 905.68475 622.03525 -1670.6112 10069.26 6791.8014 0
15 916.02985 618.32645 -1454.3729 10177.243 4745.7262 0
16 936.4368 611.01035 -1027.8263 10218.758 4765.0851 0
17 956.84375 603.69425 -601.27978 10259.812 4784.2289 0
18 979.0765 596.64435 -193.98992 10594.215 4940.1638 0
19 1007.2184 588.7092 259.84378 10474.272 4763.0662 0
20 1032.8135 582.8164 589.99576 10946.4 4829.2705 0
21 1051.7785 580.1174 730.52562 10619.088 4611.1125 0
22 1070.7435 577.41845 871.1077 10291.777 4392.9302 0
23 1092.66 575.9674 929.48388 10432.818 4431.4776 0
24 1117.528 575.7642 905.63859 9661.5657 4082.9559 0
25 1135.2905 575.6191 879.28389 9111.2018 3838.6064 0
26 1153.4995 577.537 700.97287 9107.3514 3919.9587 0
27 1179.2605 581.45985 373.2126 7837.879 3480.8311 0
28 1196.4235 584.8776 104.66743 7752.8934 3566.4263 0
29 1210.5195 589.6711 -239.84733 6659.344 3105.3031 0
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30 1230.146 596.3455 -719.52753 5109.4366 2382.5694 0
31 1241.552 600.2244 -998.3236 4239.896 1977.096 0
32 1253.5515 603.78625 -1259.2053 3475.0189 1620.4279 0
33 1267.958 607.9672 -1566.5314 2727.4142 1271.8141 0
34 1273.434 609.55635 -1683.3021 2471.2764 1152.3751 0
35 1279.934 611.44265 -1821.9096 2431.8254 1186.0805 600
36 1289.958 614.3516 -2029.8148 1987.9412 969.58369 600
37 1301.6495 617.74455 -2265.1418 989.87378 482.7937 600

Slices of Slip Surface: 113

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.66665 801.92515 -12494.229 736.77156 496.95869 0
2 673 775.54255 -10883.537 2199.4513 1483.5487 0
3 692.33335 752.3209 -9467.5928 3633.073 2450.5387 0
4 712.60575 730.74515 -8151.2326 4885.0882 3295.0336 0
5 733.8173 710.57675 -6926.8208 5916.6156 3990.8076 0
6 755.02885 692.5571 -5835.4115 6860.6706 4627.5808 0
7 776.24035 676.4042 -4860.2696 7718.9818 5206.519 0
8 797.4519 661.90625 -3988.1168 8493.9961 5729.2727 0
9 818.66345 648.89985 -3208.6384 9186.6477 6196.4721 0

10 839.87495 637.2563 -2513.9806 9798.6815 6609.2941 0
11 861.0865 626.87275 -1897.837 10330.004 6967.676 0
12 882.09875 617.74215 -1359.7903 10913.913 5089.2414 0
13 902.91165 609.77725 -893.73279 11237.592 5240.1751 0
14 923.72455 602.8284 -491.0088 11479.969 5353.1976 0
15 944.5375 596.8527 -148.97815 11641.226 5428.3929 0
16 965.8826 591.71025 141.09392 11720.171 5399.4125 0
17 987.7598 587.41935 376.52741 11705.49 5282.7819 0
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18 1009.6372 584.1077 550.88389 11593.81 5149.401 0
19 1031.5145 581.75615 665.41707 11383.86 4998.092 0
20 1053.3915 580.35145 720.90642 11074.113 4827.7794 0
21 1075.2685 579.88575 717.81488 10661.871 4636.9893 0
22 1097.146 580.3565 656.33014 10142.91 4423.665 0
23 1119.0235 581.76635 536.30303 9513.8345 4186.2917 0
24 1139.226 583.8751 356.795 8830.7218 3951.457 0
25 1157.754 586.5581 129.7901 8114.5442 3723.352 0
26 1179.1745 590.5962 -187.01768 7145.2875 3331.9023 0
27 1203.488 596.2691 -618.97492 5842.2028 2724.2639 0
28 1227.802 603.2181 -1130.4611 4313.8082 2011.5618 0
29 1244.1985 608.5012 -1521.9946 3222.4254 1502.6416 0
30 1256.198 612.91975 -1833.217 2680.884 1307.5545 600
31 1267.958 617.4815 -2158.9524 1747.4256 852.27642 600
32 1278.458 621.9219 -2467.7588 971.065 473.62005 600
33 1286.3365 625.35995 -2709.2164 402.64545 196.38331 600

Slices of Slip Surface: 122

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 658.5 804.25415 -12663.654 768.25901 518.19725 0
2 687.5 781.64755 -11296.803 2277.8786 1536.4485 0
3 714.01275 762.4079 -10140.116 3354.5268 2262.6569 0
4 738.03825 746.174 -9162.9347 3988.9281 2690.566 0
5 762.06375 730.95825 -8248.9652 4572.7033 3084.3273 0
6 786.08925 716.7052 -7395.2935 5105.767 3443.8833 0
7 810.11475 703.3665 -6598.4185 5587.6781 3768.9364 0
8 834.14025 690.89985 -5856.0872 6017.95 4059.1586 0
9 858.16575 679.2681 -5165.8491 6395.9388 4314.1152 0
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SLOPE/W

10 882.19125 668.4384 -4525.6487 6721.4758 4533.6927 0
11 906.21675 658.38165 -3933.6837 6994.0734 4717.5621 0
12 930.24225 649.07215 -3388.1254 7212.4293 4864.845 0
13 954.26775 640.48715 -2887.8809 7376.3207 4975.3912 0
14 978.29325 632.60645 -2431.5338 7484.6364 5048.451 0
15 1002.3185 625.41215 -2018.0027 7536.0915 5083.1579 0
16 1025.8945 618.9984 -1652.8953 7510.0396 3501.989 0
17 1049.021 613.3276 -1333.0492 7430.773 3465.0263 0
18 1072.147 608.2545 -1050.5263 7296.686 3402.5006 0
19 1095.273 603.76955 -804.68147 7106.1122 3313.6345 0
20 1118.399 599.86445 -595.01559 6857.9733 3197.9255 0
21 1141.498 596.5353 -441.46582 6551.9474 3055.2233 0
22 1164.5705 593.7749 -343.57403 6186.3924 2884.7622 0
23 1187.643 591.5739 -280.57021 5759.1182 2685.5209 0
24 1210.715 589.9284 -252.22111 5269.2264 2457.0806 0
25 1231.105 588.90605 -255.87229 5014.5731 3382.3723 0
26 1251.9585 588.36845 -287.37679 4895.9873 3302.3852 0
27 1267.958 588.16845 -330.55731 4876.6079 3289.3136 0
28 1273.458 588.17635 -349.20605 4886.7514 3296.1554 0
29 1279.958 588.2461 -373.75757 4918.2049 3317.3711 0
30 1289.958 588.4206 -410.8655 4930.6659 3325.7762 0
31 1304.7595 588.90535 -468.77166 4325.6017 2917.6552 0
32 1324.363 589.8477 -567.23973 3047.9396 2055.8612 0
33 1349.5825 591.7208 -730.52517 1293.9864 631.11932 600

Slices of Slip Surface: 117

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.66665 808.1589 -12907.958 508.09971 342.71758 0
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SLOPE/W

2 673 792.9024 -11984.504 1512.1084 1019.93 0
3 692.33335 778.4718 -11112.837 2498.9336 1685.552 0
4 713.6823 763.48095 -10206.563 3303.5601 2228.2794 0
5 737.0469 748.0474 -9278.2215 3902.1198 2632.013 0
6 760.41155 733.61995 -8412.6889 4449.8416 3001.4561 0
7 783.7762 720.1436 -7606.573 4946.6654 3336.5679 0
8 807.1408 707.57055 -6856.628 5392.017 3636.9614 0
9 830.5054 695.859 -6160.5773 5785.2472 3902.1985 0

10 853.87005 684.97235 -5515.5701 6125.8948 4131.9682 0
11 877.2347 674.87845 -4920.3764 6413.2081 4325.7635 0
12 900.5993 665.5489 -4372.4858 6646.8497 4483.3568 0
13 923.9639 656.9587 -3871.0928 6825.641 4603.953 0
14 947.3285 649.08575 -3414.2617 6948.7081 4686.9628 0
15 970.69315 641.9106 -3000.9777 7015.0431 4731.7063 0
16 994.05775 635.4161 -2630.1512 7023.4757 4737.3942 0
17 1017.4225 629.58725 -2300.8412 6972.6373 4703.1032 0
18 1040.787 624.411 -2012.236 6860.9621 4627.7774 0
19 1065.3845 619.6717 -1751.6163 6598.4265 3076.8968 0
20 1091.2155 615.42875 -1524.8532 6310.4503 2942.6113 0
21 1117.0465 611.9462 -1345.5492 5943.662 2771.5751 0
22 1140.9615 609.3666 -1240.6028 5531.8431 2579.5408 0
23 1162.961 607.5815 -1200.1103 5089.302 2373.1805 0
24 1184.9605 606.33365 -1193.091 4584.5501 2137.8108 0
25 1206.96 605.62085 -1219.4784 4014.6352 1872.0551 0
26 1228.9595 605.4418 -1279.1731 3377.6133 1575.007 0
27 1251.9585 605.8377 -1377.1515 2833.0605 1321.0778 0
28 1264.7205 606.2229 -1447.193 2599.8083 1212.3105 0
29 1268.7205 606.41095 -1471.4906 2654.2915 1790.3422 0
30 1273.458 606.64555 -1501.668 2630.3823 1774.2153 0
31 1279.958 607.0266 -1545.6163 2612.0956 1761.8807 0
32 1289.958 607.6849 -1612.937 2544.8894 1716.5496 0
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SLOPE/W

33 1296.639 608.1743 -1657.7374 2384.9098 1608.642 0
34 1312.511 609.6763 -1776.6358 1243.7608 606.62266 600

Slices of Slip Surface: 108

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.66665 801.9329 -12493.044 739.54861 498.83184 0
2 673 775.65915 -10889.715 2206.3569 1488.2065 0
3 692.33335 752.6964 -9490.261 3641.1656 2455.9972 0
4 712.1838 731.88605 -8222.681 4866.9552 3282.8027 0
5 732.55145 712.8788 -7069.2666 5848.9019 3945.1341 0
6 752.9191 695.92105 -6042.9386 6744.6095 4549.2966 0
7 773.2867 680.74625 -5127.6102 7556.943 5097.2224 0
8 793.6543 667.1541 -4310.3019 8287.1575 5589.7583 0
9 814.02195 654.9901 -3582.2768 8937.1967 6028.2153 0

10 834.3896 644.1327 -2935.4322 9507.8118 6413.1001 0
11 854.7572 634.48495 -2363.9162 9999.7174 6744.8946 0
12 875.1248 625.9686 -1862.8702 10413.438 7023.9525 0
13 895.5025 618.51685 -1428.2033 10811.702 5041.5793 0
14 915.8903 612.079 -1056.7267 11022.127 5139.7023 0
15 936.27805 606.6172 -746.13177 11149.336 5199.021 0
16 956.6658 602.0975 -494.25296 11192.965 5219.3655 0
17 977.0536 598.493 -299.40863 11151.303 5199.9379 0
18 997.44125 595.78305 -160.36087 11022.19 5139.7314 0
19 1017.829 593.95245 -76.141685 10802.519 5037.2973 0
20 1038.217 592.9912 -46.134732 10488.754 4890.9865 0
21 1058.605 592.8941 -70.012681 10076.981 4698.9735 0
22 1078.9925 593.66055 -147.73923 9561.556 4458.6268 0
23 1099.38 595.29475 -279.57816 8935.7468 4166.8072 0
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SLOPE/W

24 1119.768 597.8056 -466.08209 8190.9722 3819.5131 0
25 1140.7295 601.32905 -734.62398 7291.0461 3399.8706 0
26 1162.2645 605.93865 -1091.369 6210.518 2896.0121 0
27 1183.7995 611.59485 -1513.3543 4953.0312 2309.6364 0
28 1205.3345 618.3367 -2003.0458 3494.6878 1629.5997 0
29 1223.7645 624.93235 -2478.1435 2257.2646 1522.5442 0
30 1239.0895 631.13395 -2914.247 800.22726 539.7601 0

Slices of Slip Surface: 97

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 616.6875 806.228 -12730.116 644.63536 434.81204 0
2 641.0625 787.28575 -11584.8 1914.0489 1291.0423 0
3 665.4375 769.50705 -10511.537 3155.7396 2128.5733 0
4 689.8125 752.8175 -9506.4535 4368.5785 2946.6434 0
5 714.48125 736.9761 -8554.4579 5272.6295 3556.4335 0
6 739.44375 721.94955 -7653.6512 5850.328 3946.0961 0
7 764.40625 707.8869 -6813.1701 6373.4065 4298.9169 0
8 789.36875 694.74265 -6030.0503 6842.0075 4614.9924 0
9 814.3312 682.47675 -5301.64 7255.1426 4893.6554 0

10 839.29365 671.0539 -4625.5266 7613.4262 5135.3208 0
11 864.25615 660.44295 -4000.1513 7915.398 5339.0034 0
12 889.21865 650.61635 -3424.0039 8161.0615 5504.7055 0
13 914.18115 641.5496 -2895.0462 8349.6542 5631.9129 0
14 939.14365 633.2211 -2412.1275 8479.9418 5719.793 0
15 964.10615 625.6117 -1974.1144 8551.7134 5768.2035 0
16 989.3687 618.62975 -1575.3889 8555.3651 3989.4322 0
17 1014.931 612.27675 -1216.5866 8481.5252 3955.0001 0
18 1040.4935 606.63025 -901.85853 8342.4979 3890.1706 0
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19 1066.056 601.6781 -630.48843 8137.4085 3794.5359 0
20 1091.618 597.4099 -401.72832 7864.8275 3667.4293 0
21 1117.1805 593.8168 -215.11581 7523.5236 3508.2767 0
22 1144.023 590.77985 -88.627986 7089.5312 3305.9027 0
23 1172.1455 588.36235 -28.390298 6548.8245 3053.767 0
24 1200.2685 586.73995 -17.756154 5917.5339 2759.3914 0
25 1227.1445 585.9122 -53.722311 5512.2813 3718.0807 0
26 1251.9585 585.79345 -126.86276 5261.9211 3549.2106 0
27 1267.958 585.98525 -194.3361 5192.5016 3502.3865 0
28 1273.458 586.12525 -221.21477 5185.9239 3497.9498 0
29 1279.958 586.3491 -255.40909 5197.1258 3505.5056 0
30 1289.958 586.75845 -307.17392 5178.5713 3492.9904 0
31 1305.04 587.60355 -388.02926 4505.4102 3038.9375 0
32 1325.2045 589.0387 -518.39671 3120.1175 2104.5458 0
33 1350.1435 591.4408 -714.94234 1299.1042 633.61544 600

Slices of Slip Surface: 92

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 616.6875 806.348 -12737.268 638.11764 430.41578 0
2 641.0625 787.6744 -11608.491 1893.6751 1277.3 0
3 665.4375 770.2181 -10555.777 3120.2152 2104.6117 0
4 689.8125 753.8983 -9573.6447 4316.1483 2911.2788 0
5 713.9162 738.8044 -8668.0809 5187.2065 3498.815 0
6 737.74855 724.8558 -7833.0917 5717.0467 3856.1967 0
7 761.5809 711.82255 -7054.8969 6194.1364 4177.9977 0
8 785.41325 699.6623 -6331.6036 6618.4456 4464.1979 0
9 809.2456 688.3378 -5659.9678 6989.4136 4714.419 0

10 833.07795 677.8162 -5038.6452 7306.5762 4928.3478 0
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11 856.9103 668.06865 -4465.7972 7569.5184 5105.7046 0
12 880.74265 659.06955 -3939.2737 7777.3947 5245.9189 0
13 904.575 650.79625 -3458.1717 7929.6722 5348.6315 0
14 928.40735 643.2288 -3021.1011 8024.8939 5412.8593 0
15 952.2397 636.3495 -2626.9374 8062.6529 5438.328 0
16 976.07205 630.1428 -2274.7661 8041.9583 5424.3694 0
17 999.9046 624.59515 -1963.6614 7960.8005 5369.6278 0
18 1023.635 619.71285 -1694.0185 7753.3942 3615.4671 0
19 1047.263 615.48035 -1464.6708 7531.6861 3512.0829 0
20 1070.891 611.8654 -1273.8408 7248.3145 3379.9446 0
21 1094.5195 608.8608 -1121.0646 6901.6409 3218.288 0
22 1118.148 606.46075 -1006.0311 6489.3539 3026.0354 0
23 1140.9615 604.70275 -949.76213 6027.9821 2810.8942 0
24 1162.961 603.54385 -948.29865 5522.2046 2575.0463 0
25 1184.9605 602.9001 -978.98774 4954.7023 2310.4156 0
26 1206.96 602.77045 -1041.758 4323.53 2016.0951 0
27 1228.9595 603.1548 -1136.6109 3626.3323 1690.9865 0
28 1250.5985 604.03065 -1261.1874 3048.644 1421.606 0
29 1262.598 604.6742 -1343.7019 2922.946 1971.552 0
30 1267.958 605.0454 -1383.7007 2854.436 1925.3414 0
31 1273.458 605.4431 -1426.6351 2805.3756 1892.2498 0
32 1279.958 605.9758 -1480.0642 2766.5002 1866.028 0
33 1289.958 606.8651 -1561.8109 2667.6331 1799.3412 0
34 1297.1605 607.5614 -1620.4637 2446.7286 1650.3393 0
35 1313.0325 609.416 -1762.1742 1248.3293 608.85089 600

Slices of Slip Surface: 106

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)
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1 653.66665 812.3118 -13173.213 294.17066 198.42062 0
2 673 804.98925 -12744.383 878.25515 592.39058 0
3 692.33335 797.77415 -12322.769 1456.702 982.55791 0
4 712.18955 790.47665 -11896.245 1772.8198 1195.7821 0
5 732.5687 783.10205 -11466.118 1824.0396 1230.3303 0
6 752.94785 775.8449 -11043.251 1866.0818 1258.6881 0
7 773.32695 768.7045 -10627.736 1898.8462 1280.788 0
8 793.7061 761.68025 -10219.196 1922.3733 1296.6572 0
9 814.08525 754.7716 -9818.1806 1936.6593 1306.2932 0

10 834.46435 747.97795 -9423.8398 1941.6083 1309.6313 0
11 854.8435 741.2987 -9037.1946 1937.2217 1306.6725 0
12 875.22265 734.73325 -8657.3874 1923.5003 1297.4173 0
13 895.60175 728.2811 -8284.4941 1900.4007 1281.8364 0
14 915.9809 721.9417 -7919.0576 1867.881 1259.9016 0
15 936.36005 715.71445 -7560.2098 1825.947 1231.6168 0
16 956.73915 709.5989 -7208.4937 1774.5142 1196.925 0
17 977.1183 703.59455 -6863.9753 1713.6386 1155.8639 0
18 997.49745 697.7009 -6526.2543 1643.2387 1108.3785 0
19 1017.8765 691.91745 -6194.9164 1563.3259 1054.4767 0
20 1038.2555 686.2437 -5870.972 1473.7743 994.07334 0
21 1058.6345 680.6793 -5553.5371 1374.6473 927.2113 0
22 1079.014 675.22375 -5243.1416 1265.8672 853.83822 0
23 1099.3935 669.8766 -4939.3692 1147.4535 773.96714 0
24 1119.7725 664.63745 -4642.5134 1019.2843 687.51596 0
25 1139.6945 659.6186 -4375.7066 884.61255 596.6787 0
26 1159.1595 654.81495 -4138.6669 744.00982 501.84096 0
27 1178.6245 650.10875 -3907.665 594.41875 400.94051 0
28 1198.0895 645.4997 -3682.74 435.88043 294.00506 0
29 1217.5545 640.9874 -3463.8835 268.31765 180.98254 0
30 1237.0195 636.57155 -3251.032 91.708628 61.85825 0
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SLOPE/W

Slices of Slip Surface: 111

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.66665 812.3675 -13176.593 290.45736 195.91596 0
2 673 805.15305 -12754.905 867.35102 585.03565 0
3 692.33335 798.03945 -12339.177 1438.8419 970.51114 0
4 711.7264 791.00485 -11928.824 1746.5202 1178.0428 0
5 731.1792 784.0493 -11523.091 1788.4384 1206.317 0
6 750.632 777.1943 -11123.948 1822.4351 1229.248 0
7 770.0848 770.4394 -10730.98 1848.4696 1246.8085 0
8 789.5376 763.7841 -10344.255 1866.5026 1258.9719 0
9 808.99045 757.22795 -9963.8361 1876.5923 1265.7775 0

10 828.4433 750.7705 -9589.3006 1878.6534 1267.1677 0
11 847.8961 744.4113 -9221.1957 1872.7467 1263.1836 0
12 867.3489 738.14985 -8859.1001 1858.7412 1253.7367 0
13 886.8017 731.9858 -8503.0694 1836.7003 1238.87 0
14 906.2545 725.9187 -8153.1628 1806.5429 1218.5285 0
15 925.7073 719.9481 -7808.9385 1768.3343 1192.7566 0
16 945.1601 714.0737 -7470.9516 1721.9975 1161.502 0
17 964.6129 708.29505 -7139.2504 1667.5017 1124.7441 0
18 984.0657 702.6117 -6812.902 1604.8191 1082.4642 0
19 1003.5186 697.02335 -6492.9415 1533.9716 1034.6769 0
20 1022.9715 691.52965 -6178.4345 1454.885 981.33229 0
21 1042.4245 686.1302 -5870.4137 1367.5824 922.44596 0
22 1061.877 680.82465 -5567.4408 1271.9907 857.96859 0
23 1081.3295 675.61265 -5271.0525 1168.1376 787.91875 0
24 1100.7825 670.4939 -4980.2942 1055.9995 712.28063 0
25 1120.2355 665.46805 -4695.1102 935.5061 631.00684 0
26 1139.2075 660.65445 -4438.8884 809.91238 546.2928 0
27 1157.6985 656.0484 -4211.037 679.82279 458.54626 0
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28 1176.1895 651.5255 -3988.3467 542.14059 365.67845 0
29 1194.6805 647.08545 -3770.8521 396.82519 267.66197 0
30 1213.1715 642.728 -3558.4732 243.85671 164.48343 0
31 1231.6625 638.4529 -3351.2971 83.21178 56.127054 0

Slices of Slip Surface: 101

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 653.66665 812.3352 -13174.632 292.83085 197.5169 0
2 673 805.06335 -12748.934 873.93296 589.47523 0
3 692.33335 797.90665 -12330.789 1448.8532 977.26379 0
4 711.3035 790.9946 -11927.224 1758.2015 1185.9219 0
5 729.91055 784.3224 -11538.52 1800.4 1214.3851 0
6 748.5176 777.75505 -11156.148 1834.3175 1237.2627 0
7 767.1246 771.29195 -10780.187 1859.9074 1254.5234 0
8 785.73165 764.93265 -10410.707 1877.2255 1266.2046 0
9 804.3387 758.6766 -10047.282 1886.2297 1272.278 0

10 822.9457 752.5233 -9691.0032 1886.8782 1272.7154 0
11 841.55275 746.4722 -9340.4022 1879.1799 1267.5228 0
12 860.1598 740.5228 -8996.5799 1863.0979 1256.6754 0
13 878.7668 734.6747 -8659.0882 1838.5939 1240.1472 0
14 897.37385 728.92735 -8327.4751 1805.6309 1217.9134 0
15 915.9809 723.2803 -8002.8368 1764.2267 1189.9859 0
16 934.58795 717.73315 -7683.6845 1714.3461 1156.341 0
17 953.195 712.28545 -7371.1164 1655.9592 1116.9586 0
18 971.802 706.9367 -7064.6685 1589.0335 1071.8167 0
19 990.40905 701.68655 -6764.4017 1513.5925 1020.931 0
20 1009.0163 696.5346 -6470.3651 1429.5547 964.24682 0
21 1027.6235 691.4804 -6182.0979 1336.8423 901.71154 0
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22 1046.2305 686.5236 -5900.168 1235.5848 833.41244 0
23 1064.8375 681.6638 -5624.6276 1125.6019 759.2281 0
24 1083.4445 676.90065 -5354.4831 1006.9221 679.17751 0
25 1102.0515 672.23375 -5090.5629 879.52326 593.24593 0
26 1120.6585 667.6628 -4832.651 743.38435 501.41907 0
27 1139.5415 663.1225 -4593.8088 596.23189 402.16349 0
28 1158.7005 658.61535 -4374.2946 437.62773 295.18363 0
29 1177.8595 654.20885 -4161.0173 269.64976 181.88106 0
30 1197.0185 649.9026 -3954.0144 92.249465 62.22305 0
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SLOPE/W
Report generated using GeoStudio 2007, version 7.01. Copyright © 1991-2007 GEO-SLOPE International Ltd.

File Information
Revision Number: 31
Date: 3/4/2008
Time: 8:47:13 AM
File Name: NSLTStaticRtoL_Slope3to1.gsz
Directory: S:\1356\PROJECTS\2006\1356-06-825 Duke Power - Allen Steam Station Ash Landfill\Calculations
\Slope Stability\SLOPEW\North-South\

SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Right to Left
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 10
Optimize Critical Slip Surface

Optimization Maximum Iterations: 2000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 10
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
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Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 12,13,14,15,16,17,18,19
Region 3 Dike I 19,18,17,20,21
Region 4 Dike III 3,12,13,14,15,7,8,9,10,11,6,33,2
Region 5 Saprolite 5,4,3,12,19,21,20,22,23,24,35,37,25,26,27,28,29,30
Region 6 PWR 32,30,29,28,27,26,25,37,38
Region 7 RAB Ash 36,35,24,23,22,20,17,16,15,7,40,34,39
Region 8 Ash Fill 40,41,42,36,39,34

Points
X Y

Point 1 0 640
Point 2 630 640
Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 655 645
Point 7 755 620
Point 8 740 625
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Point 9 715 625
Point 10 700 630
Point 11 685 630
Point 12 540 575
Point 13 640 625
Point 14 655 625
Point 15 665 620
Point 16 685 610
Point 17 655 610
Point 18 640 610
Point 19 570 575
Point 20 716 585.75
Point 21 650 575
Point 22 730 588
Point 23 950 578
Point 24 1400 564
Point 25 1400 550
Point 26 950 548
Point 27 740 537
Point 28 650 555
Point 29 350 566
Point 30 0 566
Point 31 1400 530
Point 32 0 530
Point 33 640 645
Point 34 1497 620
Point 35 2400 564
Point 36 2400 620
Point 37 2400 550
Point 38 2400 530
Point 39 1985 620
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Point 40 855 620
Point 41 1443 816
Point 42 2400 816

Tension Crack
Tension Crack Option: (none)

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (756, 620)
Left-Zone Right Coordinate: (879.99999, 628.33333)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1434, 813)
Right-Zone Right Coordinate: (1734, 816)
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 816)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
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Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.724 (1012.65, 1078.96) 351.5798 (1451.06, 816) (761.094, 620)
2 53 1.807 (1012.65, 1078.96) 498.264 (1434, 813) (818.676, 620)
3 28 1.855 (999.138, 1090.19) 515.695 (1434, 813) (787.338, 620)
4 78 1.872 (1025.92, 1067.77) 481.081 (1434, 813) (850.014, 620)
5 3 1.906 (985.413, 1101.48) 533.337 (1434, 813) (756, 620)
6 83 1.960 (1066.18, 1098.19) 524.778 (1508.64, 816) (850.014, 620)
7 103 2.001 (1045.53, 1055.07) 457.718 (1434, 813) (880, 628.333)
8 108 2.004 (1085.86, 1085.48) 501.356 (1508.64, 816) (880, 628.333)
9 58 2.008 (1052.45, 1109.47) 542.432 (1508.64, 816) (818.676, 620)

10 33 2.019 (1038.53, 1120.8) 560.263 (1508.64, 816) (787.338, 620)
11 8 2.020 (1024.46, 1132.15) 578.249 (1508.64, 816) (756, 620)

Slices of Slip Surface: Optimized
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 764.85765 618.4467 -84.116423 200.34152 93.420785 0
2 784.76 610.2332 360.67792 1163.0245 374.14034 0
3 814.4239 599.34965 938.8182 2269.3253 620.42563 0
4 841.47465 590.90295 1373.8398 3186.7241 845.3618 0
5 862.8965 584.21395 1718.347 4227.8711 1170.2103 0
6 882.03365 581.2008 1841.2153 4611.7018 1291.8991 0
7 904.51495 580.1058 1832.996 5473.6191 1697.6505 0
8 932.8778 578.9352 1809.521 6498.9488 2186.7161 0
9 961.5211 577.89285 1816.2909 7552.4462 2674.8132 0

10 984.5633 577.05435 1868.5951 8395.1247 3043.3707 0
11 1009.2922 577.0824 1866.8732 8872.7744 3266.9054 0
12 1035.7075 577.977 1811.0282 9631.7521 3646.8634 0
13 1060.0915 580.548 1650.5926 9391.7121 3609.7433 0
14 1082.4445 584.7954 1385.5731 9678.2672 3866.9468 0
15 1104.7975 589.0428 1120.5096 9964.8223 4124.1707 0
16 1126.91 595.12485 741.02097 9267.8135 3976.1087 0
17 1148.7825 603.0416 247.00412 9208.0572 4178.6077 0
18 1168.698 610.25 -202.80233 9157.3116 4270.1245 0
19 1186.656 616.75 -608.37557 9116.4705 4251.08 0
20 1195.8005 620.0599 -814.93161 9015.781 6081.2211 0
21 1206.9745 627.8919 -1303.6554 7219.3607 4869.5203 0
22 1228.9915 643.43605 -2273.5958 6678.0107 4504.3751 0
23 1254.894 661.9009 -3425.7203 5994.3288 4043.2258 0
24 1282.145 681.77185 -4665.9011 5223.3146 3523.1702 0
25 1306.8585 700.1282 -5811.2623 4567.8016 3081.0211 0
26 1331.572 718.4846 -6956.6234 3911.9638 2638.6529 0
27 1354.57 736.176 -8060.5305 3174.6434 2141.324 0
28 1375.942 753.60305 -9147.8549 2489.0925 1678.9141 0
29 1397.404 771.43075 -10260.379 1825.6284 1231.4019 0
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30 1416.8515 787.5849 -11268.509 1224.4581 825.90742 0
31 1434.284 802.0655 -12172.214 685.54474 462.40577 0
32 1447.0295 812.6529 -12832.518 208.05593 140.33549 0

Slices of Slip Surface: 53

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 827.09125 616.62255 -176.56488 444.41724 207.23516 0
2 845.25315 609.7676 190.94381 1237.4654 488.00105 0
3 864.5 603.33095 526.43665 2278.2442 816.88126 0
4 883.5 597.8217 805.33092 3537.936 1274.2347 0
5 902.5 593.1177 1034.0053 4651.9971 1687.0973 0
6 921.5 589.1957 1213.9192 5634.9819 2061.5754 0
7 940.5 586.03705 1346.2538 6498.2404 2402.4108 0
8 960.1098 583.5742 1468.295 7269.4297 2705.1135 0
9 980.32945 581.84455 1576.1651 7948.1873 2971.3227 0

10 1000.5492 580.9415 1632.4714 8519.8003 3211.6142 0
11 1020.769 580.8606 1637.4831 8990.433 3428.7368 0
12 1040.9885 581.6014 1591.304 9364.6486 3624.7701 0
13 1061.208 583.1675 1493.6172 9645.7341 3801.3946 0
14 1081.428 585.5669 1344.0064 9837.1078 3960.3982 0
15 1101.6475 588.8118 1141.6574 9939.8103 4102.6461 0
16 1121.867 592.91915 885.53475 9955.9332 4229.5962 0
17 1142.0865 597.91115 574.25047 9886.1814 4342.2247 0
18 1162.306 603.8157 206.07543 9730.9072 4441.502 0
19 1180.969 610.0702 -186.08751 9513.4501 4436.1946 0
20 1198.0745 616.5702 -591.45689 9257.8928 4317.0263 0
21 1216.962 624.6479 -1092.4162 8778.683 5921.2965 0
22 1237.6325 634.5277 -1708.2888 8290.4725 5591.9943 0
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23 1258.303 645.6184 -2399.6381 7728.0618 5212.6435 0
24 1278.973 658.01605 -3172.3049 7092.1261 4783.6995 0
25 1299.643 671.84055 -4033.9751 6382.8769 4305.3049 0
26 1320.3135 687.2437 -4993.3826 5600.1513 3777.3497 0
27 1340.984 704.4214 -6063.2603 4743.2308 3199.3496 0
28 1361.654 723.6329 -7259.4455 3811.9336 2571.1817 0
29 1382.324 745.23265 -8603.3934 2807.2935 1893.5433 0
30 1402.9945 769.72725 -10126.191 1731.13 1167.6619 0
31 1423.665 797.8867 -11874.157 590.14487 398.05774 0

Slices of Slip Surface: 28

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 792.7373 617.64175 -126.48721 311.77549 145.3833 0
2 807.61375 611.4917 211.13712 1039.1549 386.11104 0
3 826.56825 604.33375 592.96436 1799.623 562.67416 0
4 845.52275 598.00965 922.82606 2437.0665 706.10193 0
5 864.7271 592.4251 1206.0694 3344.7895 997.30154 0
6 884.1813 587.5738 1442.3949 4498.4462 1425.0601 0
7 903.6355 583.51565 1629.2579 5519.7578 1814.1699 0
8 923.0897 580.23165 1767.8749 6420.2708 2169.4478 0
9 941.4084 577.81305 1855.0516 7419.2813 3476.9166 70

10 960.11985 576.077 1935.8408 8099.8306 3851.6883 70
11 980.35955 574.94015 2006.7225 8708.7164 4187.8706 70
12 1000.5992 574.6 2027.957 9196.1587 4479.1895 70
13 1020.839 575.055 1999.5627 9568.1263 4729.3634 70
14 1041.556 576.3561 1919.0369 9706.6197 3631.4095 0
15 1062.75 578.54845 1782.3342 9952.6805 3809.8951 0
16 1083.9445 581.63315 1589.9601 10104.898 3970.5805 0

file:///S|/1356/PROJECTS/2006/1356-06-825%20Duke%20Po...lity/SLOPEW/North-South/nsltstaticrtol_slope3to1.html (9 of 18) [3/4/2008 3:09:04 PM]



SLOPE/W

17 1105.139 585.6266 1340.9448 10164.087 4114.2989 0
18 1126.3335 590.55065 1033.9247 10132.132 4242.564 0
19 1147.528 596.43315 667.11879 10008.815 4356.1045 0
20 1168.722 603.30895 238.3877 9794.1853 4455.9416 0
21 1195.1285 613.5 -386.47877 9405.3403 4385.7822 0
22 1222.091 625.34935 -1134.7295 8727.8177 5886.9874 0
23 1244.3975 636.73095 -1844.1523 8164.0764 5506.7391 0
24 1266.704 649.5353 -2642.1722 7516.7689 5070.1246 0
25 1289.01 663.89115 -3536.6906 6786.0304 4577.2353 0
26 1311.316 679.9622 -4537.7317 5971 4027.4904 0
27 1333.622 697.9605 -5658.6855 5071.7048 3420.9081 0
28 1355.928 718.16785 -6916.9193 4087.197 2756.8492 0
29 1378.2345 740.9714 -8335.6945 3018.0753 2035.7175 0
30 1400.541 766.92755 -9949.0669 1866.058 1258.672 0
31 1422.847 796.88825 -11808.334 637.80157 430.20259 0

Slices of Slip Surface: 78

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 852.5071 619.03665 -418.75462 122.26632 57.013723 0
2 864.786 614.5938 -176.38867 1080.6291 503.90563 0
3 884.0005 608.2027 156.19894 2532.2478 1107.9698 0
4 902.8575 602.79575 429.18233 3753.878 1550.331 0
5 921.7145 598.2081 651.08353 4830.8151 1949.0408 0
6 940.5715 594.41585 823.38716 5777.4872 2310.1348 0
7 959.7378 591.3632 982.05191 6613.6322 2626.049 0
8 979.21335 589.06045 1125.6877 7344.6411 2899.9456 0
9 998.68905 587.55825 1219.3353 7968.4563 3147.1668 0

10 1018.1645 586.84915 1263.5393 8492.0437 3370.7069 0
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11 1037.64 586.9296 1258.5544 8920.2353 3572.7005 0
12 1057.1155 587.79995 1204.2736 9256.5884 3754.8561 0
13 1076.591 589.4646 1100.4856 9505.3074 3919.2328 0
14 1096.0665 591.93185 946.59432 9668.1028 4066.9062 0
15 1115.542 595.2143 741.92374 9746.7028 4198.9974 0
16 1135.018 599.32915 485.31795 9742.8622 4316.8638 0
17 1154.4935 604.29855 175.44511 9656.8525 4421.2529 0
18 1173.628 610.03245 -182.58154 9492.6198 4426.4813 0
19 1192.4225 616.53245 -587.88619 9261.5285 4318.7217 0
20 1211.494 624.046 -1055.9259 8853.338 5971.6519 0
21 1230.842 632.64815 -1592.256 8437.2364 5690.9878 0
22 1250.1905 642.3038 -2194.1825 7953.3688 5364.615 0
23 1269.539 653.0868 -2866.369 7402.5291 4993.0689 0
24 1288.8875 665.088 -3614.3504 6783.8032 4575.733 0
25 1308.236 678.4205 -4445.2347 6098.2345 4113.3111 0
26 1327.584 693.22715 -5367.758 5344.0122 3604.5818 0
27 1346.9325 709.6919 -6393.2321 4522.014 3050.137 0
28 1366.281 728.05755 -7536.6877 3631.0079 2449.1457 0
29 1385.629 748.6552 -8818.6718 2671.8706 1802.1995 0
30 1404.9775 771.9568 -10267.33 1646.5687 1110.6246 0
31 1424.326 798.67675 -11925.93 561.05521 378.43652 0

Slices of Slip Surface: 3

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 758.9167 618.6318 -74.776494 180.96219 84.384054 0
2 773.4792 612.21895 285.42019 944.32307 307.25146 0
3 796.77085 602.7691 795.23653 1959.4419 542.87789 0
4 820.0625 594.56515 1227.429 2788.3054 727.84861 0
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5 843.35415 587.5473 1585.7056 3455.226 871.77171 0
6 860.12125 583.0904 1799.5508 4036.6762 1043.1887 0
7 875.8372 579.628 1967.4474 5133.7163 1978.5044 70
8 897.0266 575.6226 2145.0993 6281.631 2584.7919 70
9 918.21595 572.49595 2267.9576 7261.8085 3120.5044 70

10 939.4053 570.2326 2336.9906 8087.883 3593.5564 70
11 961.6701 568.7949 2391.9689 8802.3806 4005.6698 70
12 985.01035 568.2659 2424.9746 9396.3268 4356.1843 70
13 1008.3508 568.7596 2394.1821 9842.1827 4654.0273 70
14 1031.691 570.27885 2299.4795 10147.876 4904.2221 70
15 1055.031 572.83245 2140.2356 10319.122 5110.7354 70
16 1078.558 576.4729 1913.5158 10332.545 3925.858 0
17 1102.2715 581.2399 1616.2648 10382.751 4087.8797 0
18 1125.985 587.1439 1248.1707 10321.904 4231.1514 0
19 1149.699 594.22465 806.74244 10150.57 4357.0982 0
20 1173.4125 602.5324 288.81487 9867.5917 4466.657 0
21 1200.047 613.5 -388.93493 9426.7174 4395.7505 0
22 1225.784 625.53465 -1146.6707 8710.5921 5875.3686 0
23 1247.7015 637.26115 -1877.6314 8132.2191 5485.251 0
24 1269.619 650.35705 -2693.8686 7474.8195 5041.8294 0
25 1291.5365 664.94615 -3603.0322 6737.5231 4544.5167 0
26 1313.454 681.1846 -4614.7699 5920.5858 3993.4856 0
27 1335.3715 699.27325 -5741.606 5023.0019 3388.0575 0
28 1357.289 719.47685 -6999.4783 4043.8307 2727.5982 0
29 1379.2065 742.15535 -8410.6273 2983.6772 2012.5157 0
30 1401.124 767.8193 -10006.362 1843.9129 1243.7349 0
31 1423.0415 797.23655 -11833.027 630.2789 425.12849 0

Slices of Slip Surface: 83
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 852.5071 618.88865 -409.53943 142.46499 66.432514 0
2 862.63715 614.563 -170.1476 1007.0797 469.60899 0
3 880.24 607.57165 208.98952 2501.269 1068.9075 0
4 900.1714 600.47055 583.94286 3975.3802 1581.4532 0
5 920.10285 594.2576 903.5654 5286.378 2043.7391 0
6 940.0343 588.9002 1169.8031 6451.8862 2463.0758 0
7 960.66895 584.24135 1427.3405 7514.4931 2838.4858 0
8 982.0069 580.3168 1672.0538 8474.7487 3172.1488 0
9 1003.3449 577.29555 1860.4588 9309.5055 3473.5475 0

10 1025.977 575.08895 1999.8558 10361.582 5224.9867 70
11 1049.9035 573.798 2080.311 11013.706 5582.2049 70
12 1073.8305 573.60095 2092.6256 11506.746 5882.5951 70
13 1096.114 574.365 2042.7697 11661.915 4485.481 0
14 1116.7545 575.9541 1943.7054 11928.883 4656.1647 0
15 1137.3955 578.3673 1793.1845 12107.991 4809.8734 0
16 1158.0365 581.6162 1590.5752 12201.66 4948.03 0
17 1178.6775 585.71675 1334.8809 12210.344 5071.3119 0
18 1199.3185 590.6896 1024.7536 12134.068 5180.3586 0
19 1219.959 596.56075 658.67085 11972.886 5275.9052 0
20 1240.5995 603.36225 234.54423 11726.526 5358.7991 0
21 1266.637 613.5 -386.98956 11301.059 5269.7704 0
22 1293.8285 625.5265 -1145.3595 10536.224 7106.7731 0
23 1316.778 637.29195 -1878.6596 9913.1063 6686.4746 0
24 1339.7275 650.5428 -2704.4752 9199.9371 6205.4359 0
25 1362.677 665.41605 -3631.299 8395.5143 5662.8459 0
26 1385.6265 682.0866 -4669.5996 7498.2461 5057.6309 0
27 1408.576 700.7821 -5833.9822 6506.6643 4388.8005 0
28 1431.5255 721.80655 -7142.6874 5418.6012 3654.8927 0
29 1453.939 744.9529 -8584.9683 4054.4317 2734.7487 0
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30 1475.8175 770.64175 -10181.972 2454.4669 1655.5589 0
31 1497.696 800.1612 -12014.423 821.58981 554.16933 0

Slices of Slip Surface: 103

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 891.66905 624.16665 -861.55314 1100.0911 742.02085 0
2 911.1151 617.6104 -525.02042 2481.5471 1157.1644 0
3 926.66905 613.12915 -298.46892 3521.2702 1641.9952 0
4 942.223 609.2354 -108.55589 4446.4514 2073.4143 0
5 951.0267 607.21665 -13.442387 4924.0944 2296.1429 0
6 961.40125 605.25165 115.37103 5430.2453 2478.3666 0
7 980.09695 602.1528 308.61044 6247.9058 2769.5389 0
8 998.7924 599.8425 452.67724 6954.9339 3032.0521 0
9 1017.488 598.3088 548.30719 7559.71 3269.4708 0

10 1036.184 597.5439 596.01441 8066.9957 3483.7758 0
11 1054.88 597.5439 596.01441 8483.0187 3677.7705 0
12 1073.5755 598.3088 548.30719 8811.0313 3852.9715 0
13 1092.271 599.8425 452.67724 9053.864 4010.7993 0
14 1110.967 602.1528 308.61044 9214.3773 4152.8273 0
15 1129.6625 605.25165 115.37103 9294.3467 4280.2267 0
16 1147.1295 608.8486 -110.50775 9295.1401 4334.395 0
17 1163.368 612.86075 -360.73383 9234.1911 4305.974 0
18 1179.6065 617.51215 -650.82372 9118.244 4251.907 0
19 1197.198 623.3274 -1011.5693 8885.6553 5993.4502 0
20 1216.142 630.46075 -1456.3188 8575.3103 5784.1198 0
21 1235.086 638.57765 -1962.3169 8195.2565 5527.7703 0
22 1254.03 647.73695 -2533.3132 7745.8737 5224.6578 0
23 1272.9745 658.0111 -3173.7497 7227.2238 4874.824 0
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24 1291.919 669.48955 -3889.1044 6639.4353 4478.3556 0
25 1310.863 682.28395 -4686.2677 5981.8931 4034.8378 0
26 1329.807 696.53595 -5574.2195 5254.5228 3544.2204 0
27 1348.751 712.42845 -6564.0083 4456.1106 3005.6846 0
28 1367.695 730.20395 -7670.9895 3586.4659 2419.1018 0
29 1386.6395 750.195 -8914.528 2645.2365 1784.2346 0
30 1405.584 772.8783 -10324.902 1633.9351 1102.1032 0
31 1424.528 798.9819 -11944.717 558.02684 376.39386 0

Slices of Slip Surface: 108

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 889.80405 624.16665 -858.63639 1043.8334 704.07452 0
2 908.01665 616.80925 -463.81568 2526.1033 1177.9413 0
3 924.8338 610.7663 -144.17847 3826.684 1784.4121 0
4 941.6212 605.3967 133.53731 4964.4883 2252.7095 0
5 960.1994 600.23805 429.08345 6062.6509 2626.9756 0
6 980.59825 595.4061 730.38982 7126.5726 2982.589 0
7 1000.9974 591.46335 976.22649 8060.7408 3303.5633 0
8 1021.396 588.38865 1167.9978 8874.1001 3593.4145 0
9 1041.7945 586.1659 1306.6205 9576.3823 3856.2533 0

10 1062.1935 584.78375 1392.7904 10172.829 4094.1994 0
11 1082.5925 584.23525 1427.0106 10669.247 4309.7256 0
12 1102.9915 584.5176 1409.4036 11069.861 4504.7454 0
13 1123.3905 585.63225 1339.8873 11378.117 4680.9036 0
14 1143.789 587.58485 1218.0895 11596.122 4839.3562 0
15 1164.1875 590.38525 1043.4767 11726.041 4981.3615 0
16 1184.5865 594.048 815.07387 11769.071 5107.9326 0
17 1204.9855 598.5926 531.70899 11725.5 5219.7503 0
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18 1225.3845 604.04405 191.75757 11595.662 5317.7278 0
19 1244.715 610.05105 -184.301 11394.89 5313.5244 0
20 1262.977 616.55105 -589.668 11140.791 5195.0364 0
21 1282.789 624.56345 -1086.8372 10641.957 7178.0904 0
22 1304.1505 634.2945 -1693.4583 10143.474 6841.8597 0
23 1325.512 645.2769 -2377.9855 9562.8376 6450.2154 0
24 1346.8735 657.6073 -3146.486 8899.4792 6002.7745 0
25 1368.235 671.40665 -4006.3901 8152.3851 5498.8532 0
26 1389.5965 686.82825 -4967.1334 7320.5739 4937.7894 0
27 1410.958 704.07005 -6041.2317 6401.7321 4318.0228 0
28 1432.3195 723.3939 -7244.3109 5394.4262 3638.5864 0
29 1453.939 745.45565 -8615.7067 4073.1107 2747.3479 0
30 1475.8175 770.85615 -10194.674 2469.3848 1665.6211 0
31 1497.696 800.2074 -12015.806 827.62019 558.23687 0

Slices of Slip Surface: 58

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 825.8781 616.68875 -178.13283 431.81173 201.35712 0
2 844.04 608.81515 256.16503 1348.4808 509.35521 0
3 865.90595 600.2576 715.20228 2676.9614 914.78332 0
4 887.71785 592.78535 1106.9074 4246.5447 1464.0369 0
5 909.52975 586.3289 1435.2465 5633.9673 1957.8956 0
6 931.34165 580.85095 1702.611 6858.7939 2404.3676 0
7 946.1238 577.57755 1850.0152 7911.0728 3787.3691 70
8 961.1738 574.89485 2010.8386 8654.4878 4151.4128 70
9 983.5214 571.55525 2219.1195 9615.6961 4621.8941 70

10 1005.8691 569.1602 2368.484 10419.012 5030.528 70
11 1028.2165 567.69715 2459.6909 11076.588 5384.4349 70
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12 1050.564 567.1586 2493.2772 11597.231 5688.7819 70
13 1072.9115 567.5417 2469.3842 11988.326 5948.0953 70
14 1095.259 568.84845 2387.916 12255.605 6166.0164 70
15 1117.607 571.0856 2248.4183 12404.347 6346.1283 70
16 1139.448 574.1716 2055.3164 12381.77 4815.3042 0
17 1160.782 578.08 1811.5611 12432.381 4952.5697 0
18 1182.1165 582.8814 1512.1685 12395.167 5074.8256 0
19 1203.451 588.6005 1155.5185 12270.941 5183.2067 0
20 1224.785 595.26805 739.74858 12058.355 5277.9529 0
21 1246.119 602.9216 262.52368 11756.785 5359.8618 0
22 1271.503 613.5 -389.32197 11290.928 5265.046 0
23 1297.4185 625.67035 -1154.8641 10495.94 7079.6012 0
24 1319.8155 637.6871 -1903.9 9861.2994 6651.5304 0
25 1342.213 651.11295 -2740.6855 9143.0396 6167.0581 0
26 1364.6105 666.0765 -3673.0832 8339.4539 5625.0327 0
27 1387.0075 682.7403 -4711.3582 7449.9888 5025.0809 0
28 1409.4045 701.31375 -5868.3931 6472.9421 4366.0546 0
29 1431.8015 722.0735 -7160.7419 5406.1209 3646.4746 0
30 1453.939 745.0928 -8594.173 4054.4521 2734.7625 0
31 1475.8175 770.82185 -10194.309 2454.4615 1655.5552 0
32 1497.696 800.2488 -12021.673 821.84682 554.34268 0

Slices of Slip Surface: 33

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 792.079 617.67765 -127.05439 305.64087 142.52268 0
2 811.3649 608.9005 368.70633 1343.0323 454.33566 0
3 840.45495 596.9459 1014.6218 2598.7166 738.67551 0
4 872.17915 586.10125 1587.8494 4325.2189 1276.4564 0
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5 899.46525 578.16615 1977.4856 6316.2424 2711.1562 70
6 919.67915 573.38145 2207.0902 7529.225 3325.6389 70
7 939.89305 569.379 2387.9111 8588.8447 3874.7733 70
8 962.51225 565.85695 2576.2885 9605.9559 4392.6237 70
9 987.53675 562.99895 2754.4876 10544.352 4867.6474 70

10 1012.5615 561.27415 2862.0307 11303.792 5274.9978 70
11 1037.586 560.67215 2899.5914 11896.927 5622.1595 70
12 1062.6105 561.1893 2867.334 12332.658 5914.5909 70
13 1087.635 562.8287 2765.1202 12618.953 6157.3582 70
14 1112.6595 565.60035 2592.2919 12761.449 6354.3947 70
15 1137.684 569.5213 2347.8246 12764.558 6509.0977 70
16 1161.3705 574.28325 2049.0063 12656.012 4946.128 0
17 1183.719 579.7936 1705.4183 12580.296 5071.0387 0
18 1206.0675 586.29485 1299.9982 12410.801 5181.0524 0
19 1228.416 593.8237 830.53835 12147.218 5277.0544 0
20 1250.7645 602.42505 294.25344 11788.356 5359.7881 0
21 1275.8345 613.5 -391.13369 11283.304 5261.4912 0
22 1302.5025 626.8254 -1223.846 10402.915 7016.855 0
23 1328.0475 641.36375 -2129.814 9635.8301 6499.4495 0
24 1353.5925 657.7675 -3151.8058 8761.9917 5910.038 0
25 1379.1375 676.2443 -4302.5827 7779.9444 5247.6388 0
26 1404.6825 697.0672 -5599.1151 6687.1902 4510.5668 0
27 1430.2275 720.60545 -7064.1815 5481.5587 3697.358 0
28 1453.939 745.2056 -8601.9192 4052.2349 2733.267 0
29 1475.8175 770.97875 -10205.052 2453.015 1654.5795 0
30 1497.696 800.32655 -12027.975 821.56812 554.1547 0
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File Information
Title: Allen Steam Station
Revision Number: 49
Last Edited By: ZScarboro
Date: 3/4/2008
Time: 8:42:32 AM
File Name: EWLTPseudostaticLtoR_Slope3to1(FS=1).gsz
Directory: S:\1356\PROJECTS\2006\1356-06-825 Duke Power - Allen Steam Station Ash Landfill\Calculations
\Slope Stability\SLOPEW\East-West\

SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 10
Optimize Critical Slip Surface

Optimization Maximum Iterations: 2000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: Ash Fill

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 2: RAB Ash
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 3: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 4: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 5: Fill
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 100 psf
Phi: 32 °
Phi-B: 0 °

Material 6: Alluvium
Model: Mohr-Coulomb
Weight: 110 pcf
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Cohesion: 100 psf
Phi: 32 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: Ash (Wet)
Model: S=f(datum)
Weight: 90 pcf
C-Datum: 5078.7 psf
C-Rate of Increase: 7.5
Limiting C: 6500 psf
Elevation: 598 ft

Regions
Material Points

Region 1 Dike I 2,4,5,6,7,8,9,10,3
Region 2 Fill 5,13,14,15,6
Region 3 Alluvium 11,7,6,15,18,19,20,21
Region 4 Saprolite 20,21,11,12,16,17,22,23,24,25,26,27
Region 5 Dike II 12,30,9,8,7,11
Region 6 Ash Fill 31,33,32,2,3,1
Region 7 RAB Ash 30,9,10,3,1,31,36,34,35
Region 8 Ash (Wet) 12,30,35,34,36,17,16

Points
X Y

Point 1 371.9807 621.98445
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Point 2 1271.9582 625.98435
Point 3 1263.9584 621.98445
Point 4 1294.9576 625.98435
Point 5 1379.9555 585.98535
Point 6 1401.955 575.05229
Point 7 1364.9559 575.05229
Point 8 1294.9576 609.98475
Point 9 1274.9581 609.98475

Point 10 1239.959 609.98475
Point 11 1284.9579 573.98565
Point 12 1187.9603 575.05229
Point 13 1409.9548 583.9854
Point 14 1504.9524 581.98545
Point 15 1519.952 575.05229
Point 16 279.983 581.98545
Point 17 0 581.98545
Point 18 1566.9508 553.05284
Point 19 1599.95 553.05284
Point 20 1599.945 543.9864
Point 21 1469.9532 543.9864
Point 22 0 567.05249
Point 23 279.983 567.05249
Point 24 1179.9605 541.98645
Point 25 1284.9579 537.98655
Point 26 1469.9532 529.05344
Point 27 1599.95 529.05344
Point 28 1599.945 514.78713
Point 29 0 514.78713
Point 30 1213.9697 585.9853
Point 31 0 621.98445
Point 32 702 816
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Point 33 0 816
Point 34 279.993 609.98475
Point 35 1129.9717 589.98525
Point 36 0 609.98475

Tension Crack
Tension Crack Option: Search for Tension Crack
Percentage Wet: 1
Tension Crack Fluid Unit Weight: 62.4 pcf

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (446, 816)
Left-Zone Right Coordinate: (660, 816)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1206.598, 647.77448)
Right-Zone Right Coordinate: (1365, 593.02322)
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 816)
Right Coordinate: (1599.95, 553.05284)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 609.98475)
Coordinate: (279.983, 609.98475)
Coordinate: (1129.9618, 589.98525)
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Coordinate: (1284.9579, 581.98545)
Coordinate: (1469.9532, 575.9856)
Coordinate: (1534.9516, 567.9858)
Coordinate: (1599.945, 567.9858)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: No
Materials Considered

Material: Ash Fill
Material: RAB Ash
Material: Dike I
Material: Dike II
Material: Fill
Material: Alluvium
Material: Saprolite
Material: Ash (Wet)

Pressure Lines
Pressure Line 1

Coordinates
Coordinate: (1534.9516, 567.9858)
Coordinate: (1599.945, 567.9858)

Pressure (Unit Weight): 62.4 pcf

Seismic Loads
Horz Seismic Load: 0.25
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.014 (1235.15, 1500.07) 340.036 (660, 816) (1328.96, 609.984)
2 117 1.075 (1235.15, 1500.07) 893.724 (660, 816) (1326.7, 611.046)
3 122 1.077 (1277.98, 1543.91) 954.863 (660, 816) (1365, 593.023)
4 92 1.091 (1202.7, 1543.18) 940.346 (606.5, 816) (1326.7, 611.046)
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5 106 1.093 (2183.33, 4698.93) 4171.049 (660, 816) (1246.75, 634.388)
6 111 1.094 (2252.35, 4944.47) 4424.91 (660, 816) (1237.13, 637.595)
7 101 1.096 (2070.68, 4427.47) 3877.205 (660, 816) (1206.6, 647.774)
8 97 1.098 (1245.15, 1586.92) 1001.094 (606.5, 816) (1365, 593.023)
9 67 1.116 (1171.11, 1586.53) 987.819 (553, 816) (1326.7, 611.046)

10 108 1.117 (1059.8, 1069.03) 473.145 (660, 816) (1246.75, 634.388)
11 113 1.120 (1084.26, 1085.69) 502.721 (660, 816) (1287.71, 625.984)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 811.1518 -13126.38 313.60298 211.52788 0
2 691.5 801.45535 -12551.815 940.79165 634.57198 0
3 705.08785 795.18135 -12180.482 1280.0422 863.39933 0
4 718.397 788.031 -11753.996 1320.8094 890.89719 0
5 738.83955 776.58185 -11069.413 1592.8073 1074.3621 0
6 759.2821 765.13275 -10384.83 1864.8051 1257.827 0
7 781.92385 752.6768 -9640.9353 2190.1628 1477.2835 0
8 806.76475 739.214 -8837.1701 2499.5647 1685.9777 0
9 828.2699 727.6214 -8145.7441 2781.9565 1876.4533 0

10 846.4393 717.89905 -7565.361 3002.2691 2025.0561 0
11 870.39385 705.2546 -6811.6746 3319.5928 2239.0936 0
12 898.34385 690.6225 -5939.845 3642.1342 2456.6505 0
13 921.72745 678.40085 -5211.1907 3919.2147 2643.5437 0
14 942.33435 667.6551 -4570.9255 4155.3125 2802.7937 0
15 962.81255 656.92 -3931.3204 4369.5345 2947.2883 0
16 983.162 646.1956 -3291.9972 4608.2048 3108.2734 0
17 1002.2394 636.12115 -2691.3422 4822.6148 3252.8948 0
18 1020.0445 626.6967 -2129.3864 5033.3297 3395.0237 0
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SLOPE/W

19 1029.146 621.8792 -1842.1525 5106.1279 2381.0265 0
20 1038.9015 620.1456 -1748.3251 7047.0444 3286.0908 0
21 1058.0145 616.889 -1573.1677 6784.5146 3163.6711 0
22 1079.0365 613.7659 -1409.1572 6761.6886 3153.0272 0
23 1101.968 610.77625 -1256.2549 6350.461 2961.2686 0
24 1121.698 608.7085 -1156.203 6412.6863 2990.2847 0
25 1139.99 607.4404 -1121.5069 5952.9849 2775.9225 0
26 1160.046 606.05 -1099.3225 5449.1101 2540.9618 0
27 1182.177 605.3248 -1125.3524 5259.3008 2452.4522 0
28 1206.3835 605.2648 -1199.5882 4426.4714 2064.0975 0
29 1229.223 606.1301 -1327.1309 4014.6233 1872.0496 0
30 1251.9585 608.02605 -1518.642 3134.5323 1461.6564 0
31 1267.958 609.36025 -1653.4275 2663.4471 1241.9858 0
32 1273.044 609.78435 -1696.2671 2535.0159 1182.0973 0
33 1274.406 609.87545 -1706.3419 2242.7646 1045.8183 0
34 1274.82 609.87625 -1707.7329 2646.8901 1785.3499 0
35 1279.958 609.88645 -1724.931 2647.1476 1785.5236 0
36 1289.958 609.90635 -1752.3491 2643.974 1783.383 0
37 1295.026 609.91645 -1763.2998 2637.3379 1778.9069 0
38 1303.56 609.9334 -1781.5749 2162.0332 1054.494 600
39 1320.4925 609.96705 -1817.9552 1027.9816 501.38012 600

Slices of Slip Surface: 117

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 807.44015 -12886.501 403.50588 272.16816 0
2 691.5 790.8318 -11881.425 1220.039 822.92668 0
3 713.45865 774.54395 -10896.289 1894.3275 1277.74 0
4 736.376 758.5966 -9935.5779 2403.5388 1621.2074 0
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5 759.29335 743.67985 -9038.8978 2892.1592 1950.786 0
6 782.21065 729.7337 -8202.3788 3358.3977 2265.2679 0
7 805.12795 716.70615 -7423.4665 3800.5104 2563.4766 0
8 828.0453 704.5521 -6699.2325 4216.7837 2844.2565 0
9 850.96265 693.23205 -6026.7283 4604.9436 3106.0737 0

10 873.87995 682.7112 -5404.1003 4963.9022 3348.1943 0
11 896.79725 672.95905 -4829.2712 5290.4711 3568.4678 0
12 919.7146 663.94875 -4300.9304 5583.2486 3765.9487 0
13 942.63195 655.65645 -3817.4038 5838.9935 3938.4509 0
14 965.54925 648.0612 -3377.2374 6055.4148 4084.4288 0
15 988.4666 641.1445 -2979.4367 6229.5445 4201.8808 0
16 1011.3842 634.89 -2622.9201 6356.8532 4287.7516 0
17 1034.3015 629.2835 -2306.7896 6434.1807 4339.9097 0
18 1057.2185 624.31255 -2030.3418 6455.9413 4354.5874 0
19 1078.891 620.1706 -1804.7778 5812.0536 2710.2051 0
20 1099.3195 616.78605 -1623.609 5685.8729 2651.3661 0
21 1119.748 613.8853 -1472.6384 5508.4384 2568.627 0
22 1140.9615 611.3894 -1366.7546 5265.5107 2455.348 0
23 1162.961 609.3322 -1309.2535 4945.1525 2305.9625 0
24 1184.9605 607.8221 -1285.9222 4549.1739 2121.3146 0
25 1206.96 606.85625 -1296.4911 4070.6557 1898.1779 0
26 1228.9595 606.43295 -1340.9683 3501.5536 1632.8013 0
27 1251.9585 606.5826 -1423.5741 3013.5346 1405.2343 0
28 1265.561 606.86295 -1489.7821 2795.1228 1303.3871 0
29 1269.561 607.0099 -1511.7402 3340.1796 2252.9796 0
30 1273.458 607.16665 -1534.2053 3347.0301 2257.6003 0
31 1279.958 607.482 -1574.0403 3367.907 2271.6819 0
32 1289.958 608.04025 -1635.0572 3349.1672 2259.0418 0
33 1296.3995 608.44655 -1674.2595 3202.1507 2159.8779 0
34 1312.2715 609.7957 -1783.2949 1949.0873 950.63338 600
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SLOPE/W

Slices of Slip Surface: 122

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 807.34015 -12880.538 414.33871 279.47499 0
2 691.5 790.50665 -11861.627 1250.5284 843.49205 0
3 713.6917 773.7664 -10848.381 1946.527 1312.949 0
4 737.0751 757.1615 -9847.1271 2480.4583 1673.0903 0
5 760.4585 741.5817 -8909.7369 2992.8637 2018.7121 0
6 783.8419 726.96825 -8032.4459 3482.0316 2348.66 0
7 807.2253 713.27015 -7212.4453 3946.2709 2661.7933 0
8 830.6087 700.4427 -6446.5871 4384.2384 2957.2061 0
9 853.9921 688.4467 -5732.4716 4794.1104 3233.6683 0

10 877.3755 677.2476 -5068.42 5174.004 3489.9097 0
11 900.7589 666.81475 -4451.7619 5522.6676 3725.0863 0
12 924.1423 657.12115 -3881.4992 5837.5008 3937.444 0
13 947.5257 648.1428 -3355.7677 6116.4595 4125.604 0
14 970.9091 639.85835 -2873.2784 6357.6634 4288.2981 0
15 994.2924 632.24885 -2432.9044 6558.1683 4423.5404 0
16 1017.676 625.29755 -2033.5926 6715.5542 4529.6985 0
17 1041.942 618.7762 -1661.6452 6411.0961 2989.5432 0
18 1067.0905 612.72015 -1320.783 6417.7689 2992.6548 0
19 1092.239 607.3785 -1024.4871 6363.3105 2967.2604 0
20 1117.3875 602.73895 -771.96575 6243.9271 2911.591 0
21 1141.896 598.87475 -588.33896 6060.4553 2826.0367 0
22 1165.7645 595.7437 -469.88399 5813.8471 2711.0414 0
23 1189.633 593.2221 -389.44635 5494.7485 2562.2433 0
24 1213.5015 591.30515 -346.72672 5097.4471 2376.9786 0
25 1232.6975 590.1525 -339.58013 5486.0066 3700.3582 0
26 1251.9585 589.48045 -356.70031 5518.7753 3722.4609 0
27 1267.958 589.1112 -389.3746 5620.6888 3791.2025 0
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28 1273.458 589.0621 -404.47543 5677.123 3829.2678 0
29 1279.958 589.06535 -424.86565 5767.7767 3890.4145 0
30 1289.958 589.1384 -455.64585 5867.289 3957.5364 0
31 1304.6315 589.47115 -503.85865 5259.5603 3547.6182 0
32 1323.9785 590.20775 -588.94651 3826.5519 2581.0419 0
33 1349.326 591.84875 -737.63423 1878.1696 916.04454 600

Slices of Slip Surface: 92

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 618.4375 806.53185 -12751.758 449.33047 303.07723 0
2 642.3125 788.20295 -11643.706 1359.5982 917.06057 0
3 666.1875 771.04745 -10608.802 2283.8298 1540.4627 0
4 690.0625 754.9885 -9642.3317 3220.5592 2172.2946 0
5 713.996 739.92585 -8737.8817 3952.3426 2665.8887 0
6 737.988 725.8071 -7892.5143 4452.6056 3003.3204 0
7 761.98 712.6213 -7105.2882 4928.6747 3324.433 0
8 785.972 700.32465 -6373.5627 5378.6159 3627.9223 0
9 809.96395 688.8787 -5694.7669 5800.0432 3912.1785 0

10 833.9559 678.2496 -5067.0514 6191.9552 4176.5265 0
11 857.9479 668.40755 -4488.3791 6551.2885 4418.8999 0
12 881.9399 659.3263 -3957.0786 6875.9139 4637.8625 0
13 905.9319 650.98255 -3471.7133 7163.0807 4831.5589 0
14 929.9239 643.35575 -3031.1612 7410.5777 4998.4978 0
15 953.9159 636.42785 -2634.2286 7614.3346 5135.9335 0
16 977.9079 630.18285 -2279.8768 7770.3757 5241.1846 0
17 1001.9 624.60685 -1967.2417 7875.2373 5311.9146 0
18 1025.5025 619.7572 -1699.6829 7165.7779 3341.4571 0
19 1048.7155 615.6031 -1474.6191 7090.9207 3306.5506 0
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20 1071.9285 612.04615 -1286.7711 6957.2837 3244.2347 0
21 1095.142 609.0795 -1135.781 6759.0527 3151.798 0
22 1118.3555 606.6976 -1021.2912 6491.8321 3027.191 0
23 1140.9615 604.92835 -963.82679 6158.9666 2871.9733 0
24 1162.961 603.7392 -960.50704 5759.4091 2685.6566 0
25 1184.9605 603.06625 -989.37186 5279.5282 2461.8844 0
26 1206.96 602.9084 -1050.3555 4709.9636 2196.2921 0
27 1228.9595 603.2655 -1143.5117 4042.7525 1885.1665 0
28 1250.7075 604.12225 -1267.1759 3478.4273 1622.0173 0
29 1262.707 604.7517 -1348.8979 4038.318 2723.8799 0
30 1267.958 605.1099 -1387.6772 3980.3441 2684.776 0
31 1273.458 605.5013 -1430.2814 3948.9049 2663.57 0
32 1279.958 606.02665 -1483.1913 3938.4 2656.4844 0
33 1289.958 606.90475 -1564.2612 3865.3481 2607.2102 0
34 1297.136 607.5906 -1622.2492 3593.7576 2424.0201 0
35 1313.008 609.42815 -1762.8242 2122.6627 1035.2918 600

Slices of Slip Surface: 106

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 811.9134 -13172.702 293.69659 198.10085 0
2 691.5 803.8053 -12697.676 877.81789 592.09564 0
3 711.7264 796.1163 -12247.863 1202.179 810.87995 0
4 731.1792 788.83655 -11822.052 1264.4661 852.89318 0
5 750.632 781.667 -11402.945 1319.2154 889.82199 0
6 770.0848 774.60695 -10991.105 1366.331 921.60189 0
7 789.5376 767.6558 -10586.14 1405.865 948.26794 0
8 808.99045 760.81305 -10187.644 1437.6275 969.69199 0
9 828.4433 754.0781 -9795.6993 1461.7218 985.94377 0
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10 847.8961 747.45035 -9410.8663 1477.9599 996.89654 0
11 867.3489 740.9293 -9032.7358 1486.3989 1002.5887 0
12 886.8017 734.51445 -8660.8937 1486.9024 1002.9283 0
13 906.2545 728.2053 -8295.9002 1479.4323 997.88966 0
14 925.7073 722.0013 -7937.3365 1464.0009 987.48107 0
15 945.1601 715.90195 -7585.2668 1440.4742 971.61209 0
16 964.6129 709.9068 -7239.7612 1408.8676 950.29316 0
17 984.0657 704.01535 -6900.3853 1369.0483 923.43471 0
18 1003.5186 698.22715 -6567.7008 1321.0348 891.04925 0
19 1022.9715 692.54175 -6241.7633 1264.6965 853.04855 0
20 1042.4245 686.95875 -5921.645 1200.0034 809.41249 0
21 1061.877 681.47775 -5608.3919 1126.8773 760.08834 0
22 1081.3295 676.09825 -5301.0708 1045.3402 705.09088 0
23 1100.7825 670.81985 -5000.2284 955.21638 644.30159 0
24 1120.2355 665.6422 -4705.9186 856.48017 577.70317 0
25 1139.6945 660.56335 -4434.6202 749.08454 505.2639 0
26 1159.1595 655.58295 -4186.5499 632.87546 426.87989 0
27 1178.6245 650.70225 -3944.6897 507.88883 342.57534 0
28 1198.0895 645.9209 -3709.0322 374.00827 252.27176 0
29 1217.5545 641.23855 -3479.5208 231.1784 155.9318 0
30 1237.0195 636.6549 -3256.1935 79.339665 53.51528 0

Slices of Slip Surface: 111

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 811.9808 -13177.123 290.09683 195.67279 0
2 691.5 804.00335 -12710.192 867.14475 584.89652 0
3 711.7264 796.4326 -12267.236 1183.9792 798.60402 0
4 731.1792 789.2594 -11848.202 1238.4035 835.31374 0
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5 750.632 782.1895 -11435.576 1285.6742 867.19821 0
6 770.0848 775.22235 -11029.447 1325.7036 894.19839 0
7 789.5376 768.35745 -10629.885 1358.5003 916.32 0
8 808.99045 761.59425 -10236.471 1383.9768 933.50412 0
9 828.4433 754.9323 -9849.2868 1402.146 945.75939 0

10 847.8961 748.3711 -9468.385 1412.9699 953.06022 0
11 867.3489 741.9102 -9093.8429 1416.3175 955.31819 0
12 886.8017 735.54915 -8725.2286 1412.202 952.54229 0
13 906.2545 729.2874 -8363.103 1400.5431 944.67823 0
14 925.7073 723.1246 -8007.0267 1381.3065 931.703 0
15 945.1601 717.06035 -7657.5552 1354.462 913.59616 0
16 964.6129 711.09415 -7313.7624 1319.979 890.33704 0
17 984.0657 705.2256 -6976.2002 1277.7306 861.84016 0
18 1003.5186 699.4543 -6644.4282 1227.7372 828.11923 0
19 1022.9715 693.77985 -6318.9905 1169.8725 789.08896 0
20 1042.4245 688.2019 -5999.4442 1104.1588 744.76453 0
21 1061.877 682.72005 -5685.8466 1030.5226 695.09624 0
22 1081.3295 677.3339 -5378.2391 948.88814 640.03313 0
23 1100.7825 672.0431 -5076.6738 859.23249 579.55963 0
24 1120.2355 666.8473 -4781.196 761.43318 513.59316 0
25 1138.8925 661.9511 -4518.7932 660.0247 445.19228 0
26 1156.754 657.34685 -4289.0502 555.82828 374.91091 0
27 1174.6155 652.82185 -4064.2133 444.64873 299.91936 0
28 1192.477 648.37585 -3844.312 326.47082 220.20735 0
29 1210.3385 644.00865 -3629.3208 201.22024 135.72476 0
30 1228.2 639.72 -3419.2154 68.872324 46.454969 0

Slices of Slip Surface: 101
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 811.9337 -13173.746 292.82689 197.51423 0
2 691.5 803.87095 -12701.555 874.91194 590.13555 0
3 711.3035 796.39155 -12264.291 1195.0725 806.08661 0
4 729.91055 789.4798 -11860.014 1251.3552 844.04976 0
5 748.5176 782.6761 -11462.86 1300.175 876.97908 0
6 767.1246 775.9799 -11072.425 1341.4863 904.84394 0
7 785.73165 769.3906 -10688.788 1375.2434 927.61338 0
8 804.3387 762.90765 -10311.525 1401.3515 945.2235 0
9 822.9457 756.53045 -9940.715 1419.8695 957.71409 0

10 841.55275 750.25845 -9576.9456 1430.6037 964.95439 0
11 860.1598 744.09115 -9219.2744 1433.6158 966.98608 0
12 878.7668 738.028 -8868.2804 1428.8154 963.74818 0
13 897.37385 732.0685 -8523.5335 1416.1666 955.21646 0
14 915.9809 726.21215 -8185.6068 1395.5805 941.33096 0
15 934.58795 720.4584 -7854.0569 1367.0221 922.06805 0
16 953.195 714.8068 -7528.4394 1330.4068 897.37074 0
17 971.802 709.25695 -7209.3245 1285.7007 867.21605 0
18 990.40905 703.80835 -6896.7795 1232.8213 831.54845 0
19 1009.0163 698.46055 -6590.3462 1171.7377 790.34706 0
20 1027.6235 693.21315 -6290.6038 1102.4215 743.59267 0
21 1046.2305 688.0657 -5996.5687 1024.7399 691.19581 0
22 1064.8375 683.01775 -5708.8166 938.61478 633.10366 0
23 1083.4445 678.06895 -5427.3992 844.07154 569.33344 0
24 1102.0515 673.2189 -5152.0056 740.98166 499.79844 0
25 1120.6585 668.4672 -4882.8399 629.32111 424.48245 0
26 1139.5415 663.7459 -4632.6917 507.12657 342.06119 0
27 1158.7005 659.0576 -4401.8581 373.95249 252.23414 0
28 1177.8595 654.47245 -4177.4811 231.44343 156.11057 0
29 1197.0185 649.99005 -3959.4565 79.527807 53.642183 0

file:///S|/1356/PROJECTS/2006/1356-06-825%20Duke%20Po...W/East-West/ewltpseudostaticltor_slope3to1(fs=1).html (15 of 19) [3/4/2008 3:09:11 PM]



SLOPE/W

Slices of Slip Surface: 97

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 618.4375 806.41465 -12744.796 464.52783 313.32798 0
2 642.3125 787.8236 -11620.279 1402.2976 945.86166 0
3 666.1875 770.3539 -10566.043 2350.1544 1585.1991 0
4 690.0625 753.9349 -9576.7173 3306.5588 2230.3021 0
5 714.56895 738.12305 -8625.6999 4065.2642 2742.0553 0
6 739.7069 722.9133 -7714.1318 4600.5987 3103.143 0
7 764.84485 708.6864 -6863.567 5108.761 3445.9028 0
8 789.98275 695.3953 -6071.4322 5587.1206 3768.5605 0
9 815.1207 682.9986 -5335.0422 6034.7906 4070.5176 0

10 840.25865 671.45995 -4652.2559 6449.0569 4349.9438 0
11 865.39655 660.7473 -4021.0027 6828.5275 4605.9 0
12 890.5345 650.8322 -3439.2787 7170.5734 4836.6128 0
13 915.67245 641.6895 -2905.8564 7473.1144 5040.6793 0
14 940.81035 633.297 -2419.2583 7733.1074 5216.0468 0
15 965.9483 625.6351 -1978.1844 7948.0348 5361.0172 0
16 991.13765 618.6736 -1580.8388 7620.4301 3553.4649 0
17 1016.3785 612.4 -1226.528 7670.5727 3576.8468 0
18 1041.6195 606.8165 -915.28423 7664.4775 3574.0046 0
19 1066.86 601.9113 -646.31446 7598.7463 3543.3536 0
20 1092.1005 597.67435 -419.07857 7469.7309 3483.1927 0
21 1117.3415 594.09715 -232.96514 7272.3758 3391.1645 0
22 1144.0905 591.03875 -104.92179 6983.0504 3256.2499 0
23 1172.3475 588.57465 -42.215835 6580.6726 3068.618 0
24 1200.6045 586.91495 -29.687884 6070.1514 2830.5581 0
25 1227.346 586.0612 -63.818572 6510.6675 4391.5007 0
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26 1251.9585 585.9184 -134.64703 6399.442 4316.4781 0
27 1267.958 586.09115 -200.95232 6439.3473 4343.3946 0
28 1273.458 586.22475 -227.4232 6475.2902 4367.6384 0
29 1279.958 586.44115 -261.14618 6542.7463 4413.1381 0
30 1289.958 586.8391 -312.20498 6603.4484 4454.0822 0
31 1305.027 587.66645 -391.93138 5860.2347 3952.7782 0
32 1325.1655 589.0772 -520.70237 4172.499 2814.3861 0
33 1350.1175 591.4539 -715.66625 1993.2145 972.15568 600

Slices of Slip Surface: 67

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 565.41665 806.3602 -12663.124 482.47287 325.43206 0
2 590.25 787.69185 -11535.393 1454.8208 981.28902 0
3 615.08335 770.2059 -10481.268 2435.5454 1642.7961 0
4 639.91665 753.82775 -9496.2245 3422.959 2308.815 0
5 664.75 738.49305 -8576.1532 4415.9963 2978.6271 0
6 689.58335 724.14605 -7717.8187 5413.2313 3651.2706 0
7 714.7985 710.54605 -6906.1357 6169.5459 4161.4113 0
8 740.3955 697.6773 -6140.9889 6657.4254 4490.4901 0
9 765.99255 685.71965 -5432.6391 7110.7431 4796.2568 0

10 791.5896 674.6372 -4778.851 7527.1412 5077.1208 0
11 817.1866 664.3984 -4177.8346 7904.5141 5331.6621 0
12 842.7836 654.97535 -3627.5846 8240.9768 5558.6091 0
13 868.38065 646.3435 -3126.6861 8533.377 5755.8354 0
14 893.9777 638.48125 -2673.81 8779.0871 5921.569 0
15 919.5747 631.3696 -2267.7681 8974.8898 6053.6396 0
16 945.1717 624.99185 -1907.4751 9117.7134 6149.9753 0
17 970.2553 619.433 -1597.9531 8557.0047 3990.1968 0
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18 994.8257 614.6531 -1335.8658 8513.5965 3969.9553 0
19 1019.396 610.51505 -1113.772 8410.296 3921.7854 0
20 1043.966 607.01075 -931.22654 8243.1287 3843.834 0
21 1068.536 604.1334 -787.79361 8007.8723 3734.1322 0
22 1093.1065 601.87745 -683.14275 7700.0631 3590.5984 0
23 1117.677 600.2386 -616.98142 7313.8022 3410.482 0
24 1143.7115 599.1914 -612.77797 6811.8752 3176.4296 0
25 1171.2105 598.8112 -677.63168 6167.9574 2876.1658 0
26 1198.71 599.1969 -790.23137 5395.6736 2516.0439 0
27 1226.2095 600.3494 -950.69252 4479.5281 2088.8382 0
28 1247.7275 601.72195 -1109.7094 3797.1646 1770.6469 0
29 1259.727 602.7074 -1211.1996 4378.9615 2953.6469 0
30 1267.958 603.48255 -1286.1774 4250.6427 2867.0947 0
31 1273.458 604.03285 -1338.6346 4191.4597 2827.1753 0
32 1279.958 604.7434 -1403.2249 4147.9519 2797.8289 0
33 1289.958 605.90365 -1501.85 4023.862 2714.1292 0
34 1297.7235 606.86705 -1578.1975 3653.318 2464.1941 0
35 1313.5955 609.13515 -1746.5038 2038.3742 994.18154 600

Slices of Slip Surface: 108

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 670.5 800.76285 -12438.048 546.77815 368.80652 0
2 691.5 772.48505 -10714.862 1682.5312 1134.8817 0
3 712.14175 748.4462 -9252.8515 2692.6499 1816.2153 0
4 732.42525 727.72035 -7992.9448 3528.735 2380.1618 0
5 752.7087 709.3342 -6877.9308 4335.3533 2924.2327 0
6 772.99215 692.94155 -5886.7177 5109.0344 3446.0872 0
7 793.27565 678.2897 -5003.769 5847.9794 3944.5119 0
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8 813.55915 665.18815 -4217.3137 6550.3047 4418.2363 0
9 833.8426 653.48955 -3517.8848 7214.6304 4866.3296 0

10 854.12605 643.07775 -2898.689 7838.806 5287.3414 0
11 874.40955 633.86015 -2353.8941 8421.0832 5680.0923 0
12 894.69305 625.76205 -1878.8048 8960.7026 6044.0702 0
13 914.2151 618.95025 -1483.8943 9163.2157 4272.8776 0
14 932.97565 613.30555 -1159.4931 9476.3051 4418.8737 0
15 951.7362 608.494 -886.95834 9736.149 4540.0408 0
16 970.4968 604.48965 -664.83787 9940.6399 4635.3965 0
17 989.2574 601.2717 -491.6831 10084.848 4702.6417 0
18 1008.0179 598.824 -366.58568 10166.218 4740.5851 0
19 1026.7785 597.13455 -288.77534 10178.81 4746.4569 0
20 1045.539 596.19515 -257.73627 10117.552 4717.8922 0
21 1064.2995 596.00145 -273.2022 9974.0655 4650.9831 0
22 1083.0605 596.55245 -335.10536 9739.3921 4541.5531 0
23 1101.821 597.8507 -443.61732 9401.5379 4384.0091 0
24 1120.5815 599.90255 -599.09137 8945.67 4171.4344 0
25 1140.5625 602.95475 -835.66728 8307.8795 3874.0278 0
26 1161.764 607.1317 -1164.4176 7422.9087 3461.3592 0
27 1182.9655 612.33065 -1556.8088 6267.4884 2922.5779 0
28 1204.167 618.587 -2015.1479 4756.1603 2217.834 0
29 1222.764 624.9185 -2473.6492 4706.508 3174.5798 0
30 1238.756 631.1201 -2911.8886 1900.7036 1282.0408 0
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File Information
Revision Number: 54
Last Edited By: ZScarboro
Date: 3/4/2008
Time: 8:49:40 AM
File Name: NSLTPseudoStaticRtoL_FS=1.gsz
Directory: S:\1356\PROJECTS\2006\1356-06-825 Duke Power - Allen Steam Station Ash Landfill\Calculations
\Slope Stability\SLOPEW\North-South\

SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Right to Left
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 10
Optimize Critical Slip Surface

Optimization Maximum Iterations: 2000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 10
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
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Phi: 45 °
Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 10: Ash (Wet)
Model: S=f(datum)
Weight: 90 pcf
C-Datum: 5078.7 psf
C-Rate of Increase: 7.5
Limiting C: 6500 psf
Elevation: 607 ft

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 12,13,14,15,16,17,18,19
Region 3 Dike I 19,18,17,20,21
Region 4 Dike III 3,12,13,14,15,7,8,9,10,11,6,33,2
Region 5 Saprolite 5,4,3,12,19,21,20,22,23,24,35,37,25,26,27,28,29,30
Region 6 PWR 32,30,29,28,27,26,25,37,38
Region 7 Ash Fill 40,41,42,36,39,34
Region 8 RAB Ash 15,7,48,40,34,39,36,49,46,45,44,43,47
Region 9 Ash (Wet) 15,16,17,20,22,23,24,35,49,46,45,44,43,47

Points
X Y

Point 1 0 640

file:///S|/1356/PROJECTS/2006/1356-06-825%20Duke%20Po...ity/SLOPEW/North-South/nsltpseudostaticrtol_fs=1.html (3 of 19) [3/4/2008 3:09:17 PM]



SLOPE/W

Point 2 630 640
Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 655 645
Point 7 755 620
Point 8 740 625
Point 9 715 625

Point 10 700 630
Point 11 685 630
Point 12 540 575
Point 13 640 625
Point 14 655 625
Point 15 665 620
Point 16 685 610
Point 17 655 610
Point 18 640 610
Point 19 570 575
Point 20 716 585.75
Point 21 650 575
Point 22 730 588
Point 23 950 578
Point 24 1400 564
Point 25 1400 550
Point 26 950 548
Point 27 740 537
Point 28 650 555
Point 29 350 566
Point 30 0 566
Point 31 1400 530
Point 32 0 530
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Point 33 640 645
Point 34 1497 620
Point 35 2400 564
Point 36 2400 620
Point 37 2400 550
Point 38 2400 530
Point 39 1985 620
Point 40 855 620
Point 41 1443 816
Point 42 2400 816
Point 43 949 607.25
Point 44 1373 607
Point 45 1763 607
Point 46 2162 607
Point 47 730 619
Point 48 814 620
Point 49 2400 607

Tension Crack
Tension Crack Option: (none)

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (756, 620)
Left-Zone Right Coordinate: (860.00001, 621.66667)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1533, 816)
Right-Zone Right Coordinate: (1734, 816)
Radius Increments: 4
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Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 816)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Wet)

Seismic Loads
Horz Seismic Load: 0.25
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)
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1 Optimized 1.026 (948.123, 1540.67) 341.8233 (1533, 816) (824.117, 620)
2 52 1.092 (948.123, 1540.67) 931.247 (1533, 816) (808.135, 620)
3 77 1.101 (958.782, 1519.55) 908.132 (1533, 816) (834.203, 620)
4 82 1.117 (988.324, 1560.3) 952.851 (1583.25, 816) (834.203, 620)
5 102 1.122 (971.65, 1497.52) 882.937 (1533, 816) (860, 621.667)
6 107 1.136 (1001.47, 1538.19) 927.381 (1583.25, 816) (860, 621.667)
7 101 1.138 (-93.613, 5186.65) 4663.526 (1533, 816) (860, 621.667)
8 3 1.169 (1037.8, 1141) 592.328 (1533, 816) (756, 620)
9 103 1.182 (1085.58, 1102.98) 531.549 (1533, 816) (860, 621.667)

10 28 1.190 (1049.6, 1131.53) 577.269 (1533, 816) (782.068, 620)
11 112 1.190 (1030.63, 1579.07) 972.484 (1633.5, 816) (860, 621.667)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 839.55875 617.38705 -272.25043 379.32374 176.88157 0
2 865.62375 612.9764 -85.742009 1533.7689 715.20821 0
3 888.1938 610.5457 -10.885152 2405.3996 1121.6563 0
4 912.08645 609.27975 -13.212311 3487.3948 1626.1989 0
5 937.0164 608.4876 -48.634592 4257.741 1985.4172 0
6 967.4214 608.1148 -69.564399 5409.3208 2522.4077 0
7 995.8259 608.2522 -78.138792 6002.0312 2798.7931 0
8 1017.792 608.9542 -121.94256 6679.0854 3114.5087 0
9 1040.6755 610.2414 -202.26467 6839.7527 3189.4291 0

10 1064.476 612.1138 -319.1005 7418.2143 3459.1701 0
11 1089.2195 614.69985 -480.45903 7428.3298 3463.8871 0
12 1114.9065 617.9995 -686.38107 7897.0892 3682.4732 0
13 1128.204 619.82465 -800.26266 6032.5992 2813.0472 0
14 1141.2855 624.87435 -1115.3666 6320.066 4262.9383 0
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15 1166.5405 634.62305 -1723.6947 6227.3465 4200.3983 0
16 1190.078 644.01505 -2309.759 5912.7526 3988.202 0
17 1211.898 653.0503 -2873.5537 5793.7693 3907.9467 0
18 1234.9675 662.67185 -3473.9131 5625.1133 3794.1868 0
19 1259.2865 672.8797 -4110.7764 5484.4475 3699.3066 0
20 1283.6055 683.08755 -4747.7533 5343.7818 3604.4263 0
21 1309.44 694.69265 -5471.8952 4822.0437 3252.5095 0
22 1336.7905 707.695 -6283.219 4578.3494 3088.1356 0
23 1361.068 720.10735 -7058.0249 3943.7615 2660.1007 0
24 1382.2725 731.92965 -7795.7502 3670.3789 2475.7018 0
25 1403.477 743.75195 -8533.4755 3396.9963 2291.3029 0
26 1428.5395 758.4882 -9452.9212 2874.4519 1938.8423 0
27 1459.9015 777.628 -10647.074 2093.279 1411.9345 0
28 1490.852 794.95705 -11728.673 1287.0495 868.12586 0
29 1518.9505 808.9857 -12603.985 429.02712 289.38245 0

Slices of Slip Surface: 52

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 811.0676 619.5637 -310.79339 61.802821 28.819129 0
2 824.25 617.75165 -239.27868 313.88617 146.36752 0
3 844.75 615.23095 -151.78942 628.75947 293.19535 0
4 866.875 613.0459 -89.557823 1367.8624 637.8447 0
5 890.625 611.27115 -59.673769 2456.206 1145.3477 0
6 914.375 610.1058 -67.814625 3378.9077 1575.6106 0
7 938.125 609.5476 -113.83037 4156.364 1938.1444 0
8 961.5092 609.5856 -156.90218 4796.4172 2236.6061 0
9 984.5276 610.2014 -195.31545 5318.9319 2480.2587 0

10 1007.5459 611.38765 -269.32305 5745.2577 2679.0577 0
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11 1030.5645 613.1466 -379.05695 6085.3182 2837.6305 0
12 1053.583 615.4815 -524.73148 6347.5374 2959.9053 0
13 1076.601 618.3967 -706.5882 6538.8021 3049.0935 0
14 1099.94 621.95485 -928.28275 7595.6472 5123.3287 0
15 1123.5995 626.17965 -1191.8667 7594.757 5122.7283 0
16 1147.2585 631.03935 -1495.0263 7531.6955 5080.1928 0
17 1170.918 636.5442 -1838.4538 7413.484 5000.4581 0
18 1194.5775 642.70605 -2222.8282 7245.1718 4886.9301 0
19 1218.2365 649.53855 -2649.0664 7031.8994 4743.076 0
20 1241.8955 657.0573 -3118.1066 6777.6557 4571.5865 0
21 1265.555 665.27995 -3631.0205 6486.1222 4374.9447 0
22 1289.2145 674.2266 -4189.1785 6159.8857 4154.8953 0
23 1312.8735 683.92 -4793.6871 5802.4341 3913.7912 0
24 1336.533 694.38575 -5446.5402 5415.8101 3653.01 0
25 1360.1925 705.6529 -6149.4974 5002.2229 3374.042 0
26 1383.8515 717.75445 -6904.1716 4564.0593 3078.4969 0
27 1407.511 730.7279 -7713.3222 4102.4242 2767.1201 0
28 1431.1705 744.6159 -8579.8001 3619.8121 2441.5941 0
29 1454.25 759.0793 -9482.391 2936.8963 1980.9616 0
30 1476.75 774.12265 -10420.916 2079.0977 1402.3691 0
31 1499.25 790.14205 -11420.04 1235.75 833.52392 0
32 1521.75 807.2016 -12483.796 407.77132 275.04523 0

Slices of Slip Surface: 77

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 844.60145 618.682 -366.41403 183.91537 85.761146 0
2 866.875 616.1559 -283.4843 1002.1246 467.29835 0
3 890.625 614.05395 -233.19046 2167.4902 1010.7173 0
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4 914.375 612.5787 -221.99298 3153.4795 1470.4917 0
5 938.125 611.7271 -249.70082 3983.023 1857.3141 0
6 961.11345 611.4854 -275.64429 4655.0319 2170.677 0
7 983.3404 611.8146 -296.18243 5196.1672 2423.0126 0
8 1005.5675 612.68865 -350.70685 5642.2572 2631.0277 0
9 1027.7945 614.10905 -439.31983 6002.164 2798.855 0

10 1050.0215 616.0784 -562.16163 6284.984 2930.7362 0
11 1072.2485 618.60035 -719.49928 6496.8745 3029.5424 0
12 1095.3495 621.8237 -919.90668 7603.7647 5128.8041 0
13 1119.325 625.8008 -1168.0036 7625.9104 5143.7415 0
14 1143.301 630.4421 -1457.518 7581.0045 5113.4521 0
15 1167.277 635.75805 -1789.1364 7475.6067 5042.3604 0
16 1191.253 641.761 -2163.6286 7315.9797 4934.6906 0
17 1215.229 648.46515 -2581.8483 7108.0747 4794.4569 0
18 1239.205 655.88675 -3044.8013 6855.9202 4624.3765 0
19 1263.181 664.0446 -3553.6649 6563.6589 4427.2438 0
20 1287.157 672.96 -4109.7025 6235.1291 4205.6477 0
21 1311.133 682.6571 -4714.5624 5872.7341 3961.2092 0
22 1335.1085 693.1635 -5370.1078 5479.4229 3695.9174 0
23 1359.084 704.51055 -6077.6608 5057.9165 3411.6078 0
24 1383.06 716.7339 -6840.1647 4610.0129 3109.493 0
25 1407.036 729.8743 -7660.0156 4137.7649 2790.9577 0
26 1431.012 743.97845 -8539.549 3643.1657 2457.3463 0
27 1454.25 758.60285 -9452.4436 2951.4492 1990.7776 0
28 1476.75 773.7412 -10396.742 2089.1312 1409.1368 0
29 1499.25 789.88745 -11403.781 1241.4807 837.38933 0
30 1521.75 807.11025 -12477.84 409.58169 276.26634 0

Slices of Slip Surface: 82
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 844.60145 618.4133 -349.78587 234.06834 109.14786 0
2 866.875 615.30045 -230.28519 1182.5794 551.44585 0
3 890.625 612.55015 -139.54737 2497.6462 1164.6716 0
4 914.375 610.40155 -86.342816 3614.1913 1685.3251 0
5 938.125 608.85055 -70.418123 4558.1734 2125.5111 0
6 962.02785 607.8919 -50.915168 5356.6264 2497.8359 0
7 986.08355 607.53155 -28.431911 6024.5872 2809.3111 0
8 1010.1392 607.77875 -43.852176 6573.255 3065.1591 0
9 1034.195 608.63395 -97.204484 7015.3644 3271.3181 0

10 1058.251 610.09885 -188.59179 7362.7537 3433.3084 0
11 1082.3065 612.17625 -318.18981 7625.4692 3555.8147 0
12 1106.362 614.87015 -486.24084 7811.2851 3642.4621 0
13 1130.418 618.1859 -693.09828 7927.7586 3696.7746 0
14 1154.969 622.22465 -944.64894 9098.9926 6137.348 0
15 1180.015 627.0215 -1243.8888 8995.7649 6067.7201 0
16 1205.061 632.51915 -1586.8165 8833.1426 5958.0299 0
17 1230.107 638.73015 -1974.2696 8617.9997 5812.9142 0
18 1255.1535 645.6691 -2407.1464 8355.7356 5636.0149 0
19 1280.2 653.3527 -2886.4689 8050.6748 5430.2487 0
20 1305.246 661.80005 -3413.4029 7707.2466 5198.6035 0
21 1330.292 671.03295 -3989.1724 7328.4507 4943.1024 0
22 1355.338 681.0762 -4615.7876 6917.418 4665.8574 0
23 1380.3845 691.9579 -5294.4304 6477.0351 4368.8153 0
24 1405.431 703.71005 -6027.5627 6009.256 4053.2944 0
25 1430.477 716.36905 -6817.3194 5516.2395 3720.7505 0
26 1454.6875 729.4907 -7636.5038 4801.7721 3238.8362 0
27 1478.0625 743.05505 -8482.7922 3894.0776 2626.5885 0
28 1501.4375 757.52915 -9385.4576 3001.4144 2024.4796 0
29 1524.8125 772.96325 -10348.334 2123.6497 1432.4198 0
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30 1548.1875 789.41515 -11374.418 1261.5666 850.93742 0
31 1571.5625 806.95165 -12468.089 416.06526 280.63956 0

Slices of Slip Surface: 102

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 866.9797 620.83335 -578.87163 537.51655 362.55949 0
2 886.63285 618.77385 -513.27078 1466.8919 684.02291 0
3 911.9797 616.68915 -469.49872 2631.1294 1226.9158 0
4 937.32655 615.3375 -471.44113 3601.662 1679.4826 0
5 961.9341 614.7131 -476.28124 4383.2621 2043.9487 0
6 985.80225 614.7731 -480.01903 5008.8032 2335.6433 0
7 1009.6707 615.4788 -524.04518 5518.7984 2573.458 0
8 1033.539 616.83185 -608.4562 5926.1686 2763.4178 0
9 1057.407 618.83525 -733.41528 6241.2644 2910.3494 0

10 1080.331 621.36325 -891.91466 7419.7548 5004.6878 0
11 1102.311 624.37105 -1079.5369 7514.8693 5068.8434 0
12 1124.291 627.94475 -1302.4834 7544.608 5088.9024 0
13 1146.271 632.0914 -1561.1733 7515.7692 5069.4503 0
14 1168.251 636.8192 -1856.1048 7433.9104 5014.2359 0
15 1190.231 642.13785 -2187.9185 7304.2281 4926.7641 0
16 1212.211 648.0585 -2557.2807 7131.1103 4809.9946 0
17 1234.1905 654.5938 -2964.9376 6918.5786 4666.6402 0
18 1256.17 661.75815 -3411.8883 6669.423 4498.5826 0
19 1278.15 669.5679 -3899.0733 6386.5308 4307.7694 0
20 1300.13 678.04155 -4427.6525 6073.2951 4096.4892 0
21 1322.11 687.19995 -4999.0939 5731.0862 3865.6664 0
22 1344.09 697.0666 -5614.2884 5362.262 3616.8914 0
23 1366.07 707.6681 -6275.8305 4968.4845 3351.2851 0

file:///S|/1356/PROJECTS/2006/1356-06-825%20Duke%20P...ty/SLOPEW/North-South/nsltpseudostaticrtol_fs=1.html (12 of 19) [3/4/2008 3:09:18 PM]



SLOPE/W

24 1388.05 719.0345 -6984.6471 4551.5942 3070.089 0
25 1410.03 731.19985 -7743.4921 4113.2242 2774.4048 0
26 1432.01 744.2029 -8554.653 3654.9335 2465.2838 0
27 1454.25 758.26325 -9431.3151 2979.072 2009.4094 0
28 1476.75 773.4554 -10378.774 2109.7991 1423.0774 0
29 1499.25 789.68885 -11391.134 1254.3147 846.04595 0
30 1521.75 807.0372 -12472.835 413.98843 279.23872 0

Slices of Slip Surface: 107

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 865.62775 620.83335 -574.92872 510.99112 344.66786 0
2 884.3796 618.32945 -477.68685 1535.9295 716.21569 0
3 910.62775 615.36705 -382.20468 2924.9785 1363.9399 0
4 936.8759 613.1588 -333.80129 4080.1187 1902.5906 0
5 961.35495 611.75075 -292.0943 4976.3106 2320.4917 0
6 984.0648 611.04595 -248.12872 5671.7275 2644.77 0
7 1006.7749 610.8978 -238.88645 6251.6539 2915.1941 0
8 1029.4845 611.30605 -264.3526 6728.6393 3137.616 0
9 1052.194 612.2714 -324.57546 7113.814 3317.2259 0

10 1074.904 613.79555 -419.66081 7416.3911 3458.32 0
11 1097.614 615.8813 -549.76265 7644.0351 3564.4721 0
12 1120.324 618.5325 -715.17439 7804.1653 3639.142 0
13 1143.653 621.85795 -922.1355 9040.2124 6097.7003 0
14 1167.6005 625.8964 -1174.0869 8993.8017 6066.3959 0
15 1191.548 630.5846 -1466.5247 8886.2823 5993.8731 0
16 1215.496 635.93265 -1800.1825 8724.6364 5884.8416 0
17 1239.444 641.9524 -2175.6888 8514.6878 5743.2295 0
18 1263.392 648.65755 -2593.9802 8260.7287 5571.9318 0
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19 1287.3395 656.06365 -3055.9673 7966.7348 5373.6305 0
20 1311.287 664.18855 -3562.7982 7636.7604 5151.0599 0
21 1335.235 673.0526 -4115.8628 7273.3704 4905.9503 0
22 1359.183 682.6787 -4716.1216 6879.2504 4640.113 0
23 1383.1305 693.09295 -5365.7868 6456.8302 4355.1869 0
24 1407.078 704.32495 -6066.4979 6008.2962 4052.647 0
25 1431.026 716.4082 -6820.1086 5535.6487 3733.8422 0
26 1454.6875 729.21485 -7619.1606 4829.7604 3257.7145 0
27 1478.0625 742.7654 -8464.3759 3918.4343 2643.0173 0
28 1501.4375 757.2507 -9368.0443 3021.142 2037.786 0
29 1524.8125 772.7238 -10333.005 2138.2892 1442.2943 0
30 1548.1875 789.2461 -11363.566 1270.5923 857.02534 0
31 1571.5625 806.8889 -12463.68 419.13351 282.70912 0

Slices of Slip Surface: 101

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 871.25 624.04575 -794.73441 112.78993 76.07777 0
2 893.75 628.8619 -1171.8397 330.02895 222.60734 0
3 916.25 633.79435 -1556.1766 536.21164 361.67932 0
4 938.75 638.8435 -1947.8209 731.43511 493.35921 0
5 961.20455 643.999 -2307.815 915.44083 617.47263 0
6 983.61365 649.2608 -2636.1595 1088.3558 734.10526 0
7 1006.0226 654.63955 -2971.7689 1250.6434 843.56966 0
8 1028.4315 660.1356 -3314.7633 1402.3715 945.91153 0
9 1050.8405 665.7494 -3665.0388 1543.6501 1041.2051 0

10 1073.25 671.4814 -4022.7104 1674.5055 1129.4682 0
11 1095.6595 677.33205 -4387.848 1795.0954 1210.8071 0
12 1118.0685 683.3018 -4760.3883 1905.4481 1285.241 0
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13 1140.4775 689.39115 -5140.3959 2005.5935 1352.7899 0
14 1162.8865 695.6006 -5527.8036 2095.6921 1413.5621 0
15 1185.2955 701.9306 -5922.5456 2175.7341 1467.5512 0
16 1207.7045 708.38165 -6325.4064 2245.8385 1514.8372 0
17 1230.1135 714.9543 -6735.4575 2306.0844 1555.4736 0
18 1252.5225 721.64915 -7153.0532 2356.5085 1589.485 0
19 1274.9315 728.4667 -7578.5434 2397.1489 1616.8974 0
20 1297.3405 735.40745 -8011.8444 2428.1298 1637.7942 0
21 1319.75 742.47205 -8452.4556 2449.4515 1652.1759 0
22 1342.1595 749.6611 -8901.1411 2461.2409 1660.1279 0
23 1364.5685 756.97515 -9357.3895 2463.5417 1661.6799 0
24 1386.9775 764.41485 -9821.5366 2456.3997 1656.8625 0
25 1409.3865 771.98085 -10293.914 2439.862 1645.7077 0
26 1431.7955 779.67375 -10774.004 2414.0197 1628.2768 0
27 1454.25 787.5104 -11262.707 2102.2825 1418.0075 0
28 1476.75 795.492 -11760.777 1507.8134 1017.033 0
29 1499.25 803.60365 -12267.045 908.3637 612.69906 0
30 1521.75 811.84605 -12781.396 304.02095 205.06472 0

Slices of Slip Surface: 3

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 758.4892 618.66895 -75.834656 252.23898 117.62097 0
2 761.00755 617.3225 -0.86254289 5118.6296 0 5001.3
3 774.2775 610.7271 378.40146 5606.1981 0 5052.3
4 800.75915 598.3632 1058.8969 6424.729 0 5144.9
5 826.47575 587.8135 1627.7459 7048.7863 0 5223.8
6 846.97575 580.31675 2019.7015 5240.2525 2012.4236 70
7 866.75 574.04095 2348.3049 6521.9375 2607.9751 70
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8 890.25 567.4733 2677.8462 8207.0673 3455.0408 70
9 913.75 561.9334 2943.3155 9572.3701 4142.293 70

10 937.25 557.392 3146.535 10676.867 4705.4736 70
11 949.5 555.2923 3228.3232 11164.848 4959.2914 70
12 962.32505 553.63325 3338.2955 11603.888 5164.9155 70
13 986.9752 550.98795 3503.2251 12301.966 5498.0634 70
14 1011.6252 549.3811 3603.4579 12828.244 5764.286 70
15 1036.2755 548.80425 3639.4222 13200.151 5974.2066 70
16 1060.926 549.2543 3611.3646 13431.301 6136.1773 70
17 1085.576 550.73365 3519.0886 13533.183 6257.5009 70
18 1110.226 553.25015 3362.1717 13512.942 6342.9054 70
19 1134.876 556.81715 3139.7334 13377.34 6397.1668 70
20 1159.526 561.4541 2850.5858 13131.051 6423.9478 70
21 1184.176 567.187 2493.1313 12776.762 6425.9259 70
22 1208.7015 574.0086 2067.6026 12316.631 0 5327.2
23 1233.103 581.9484 1572.5341 11939.947 0 5267.7
24 1257.5045 591.08515 1002.8654 11478.117 0 5199.2
25 1281.9055 601.4798 354.82785 10929.325 0 5121.3
26 1294.1545 607.02325 -1.4493685 10622.244 0 5078.5
27 1306.898 613.52325 -395.02592 10294.668 4800.4826 0
28 1331.934 627.0628 -1239.6463 9333.9151 6295.8053 0
29 1356.6155 642.01035 -2171.2428 8514.9587 5743.4122 0
30 1381.2965 658.68395 -3210.2193 7637.8953 5151.8254 0
31 1405.978 677.2707 -4368.2684 6704.0609 4521.9462 0
32 1430.6595 698.01285 -5659.9456 5714.8053 3854.6848 0
33 1458 724.07495 -7271.6236 4321.3335 2914.7763 0
34 1488 756.76815 -9302.3165 2570.3115 1733.697 0
35 1518 795.17175 -11682.556 842.49708 568.27145 0

Slices of Slip Surface: 103
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 861.79545 620.83335 -562.73875 416.28219 280.78588 0
2 874.35175 615.33885 -254.06914 1960.75 914.31276 0
3 885.30915 610.5978 -4.3162982 6363.2171 0 5051.7
4 896.08805 606.47915 224.06038 6930.326 0 5083.6
5 917.2528 598.90665 624.19198 7933.1399 0 5140.3
6 938.4176 592.3233 962.65376 8804.843 0 5189.7
7 949.5 589.1413 1116.1249 9213.2025 0 5212.6
8 961.091 586.3365 1297.2767 9607.5258 0 5234.6
9 983.273 581.48835 1599.5842 10274.036 0 5271

10 1005.455 577.62115 1840.7194 10831.929 0 5299.9
11 1027.0625 574.76475 2018.0713 11691.281 6044.492 70
12 1048.095 572.85625 2137.0908 12101.993 6226.7618 70
13 1069.1275 571.78705 2203.7922 12387.748 6363.6419 70
14 1090.1605 571.55215 2218.4581 12561.041 6462.7634 70
15 1111.1935 572.1504 2181.1062 12630.956 6529.7909 70
16 1132.7845 573.64565 2088.5924 12243.147 0 5329.7
17 1154.934 576.09125 1936.0799 12211.666 0 5311.4
18 1177.084 579.48505 1724.4784 12104.122 0 5286
19 1199.234 583.84575 1452.5355 11921.304 0 5253.3
20 1221.384 589.19795 1118.8284 11664.883 0 5213.2
21 1243.534 595.5731 721.33154 11334.841 0 5165.4
22 1265.6835 603.0104 257.5987 10930.489 0 5109.7
23 1276.8315 607.02835 -1.7673708 10701.004 0 5078.5
24 1292.233 613.52835 -389.74096 10341.912 4822.5128 0
25 1318.8475 625.51425 -1144.9672 9608.1249 6480.7621 0
26 1341.4205 637.22845 -1875.1577 8896.8952 6001.0316 0
27 1363.9935 650.3713 -2694.2525 8135.4646 5487.4401 0
28 1386.567 665.07195 -3610.3443 7325.6008 4941.1802 0
29 1409.1405 681.4942 -4633.3254 6468.4553 4363.0282 0
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30 1431.7135 699.84975 -5776.5608 5565.5142 3753.9867 0
31 1454.25 720.38145 -7055.1929 4445.9747 2998.8478 0
32 1476.75 743.4628 -8491.4486 3148.3221 2123.57 0
33 1499.25 769.6659 -10120.363 1864.7395 1257.7827 0
34 1521.75 799.81415 -11991.753 609.27518 410.9613 0

Slices of Slip Surface: 28

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 786.19875 617.88155 -120.17797 389.14872 181.46303 0
2 790.39 615.7329 -1.6796209 5092.3148 0 5013.2
3 802.22505 610.1164 318.6704 5492.9415 0 5056.5
4 824.25 600.18305 860.66604 6130.5504 0 5130.7
5 844.75 591.9447 1304.6266 6613.1968 0 5192.5
6 864.80365 584.74015 1685.1042 7296.9002 0 5246.4
7 887.00605 577.7864 2046.7311 6966.8792 3074.4497 70
8 911.8036 571.0974 2379.4159 8626.6847 3903.7268 70
9 936.6012 565.5734 2639.4459 9945.423 4565.2812 70

10 949.5 563.0099 2746.651 10520.179 4857.4392 70
11 963.12045 560.9334 2884.1977 11038.353 5095.2815 70
12 989.36145 557.56795 3094.0228 11856.827 5475.6076 70
13 1015.6025 555.4168 3228.1379 12466.507 5772.7735 70
14 1041.8435 554.46625 3287.4144 12892.09 6001.6676 70
15 1068.0845 554.7104 3272.1984 13152.473 6173.8805 70
16 1094.3255 556.1508 3182.3894 13262.109 6298.5077 70
17 1120.566 558.7965 3017.4055 13231.402 6382.4133 70
18 1146.8065 562.6643 2776.2534 13067.705 6430.8126 70
19 1173.0475 567.7794 2457.3499 12776.79 6448.3019 70
20 1199.2275 574.1584 2059.5378 12318.109 0 5326.2
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21 1225.3465 581.83975 1580.6501 11968.279 0 5268.7
22 1251.466 590.89145 1016.3852 11518.793 0 5200.9
23 1277.5855 601.38385 362.33821 10968.617 0 5122.3
24 1290.6975 607.02425 -1.5128876 10656.612 0 5078.5
25 1303.939 613.52425 -394.12451 10323.864 4814.0968 0
26 1329.715 626.98825 -1234.4363 9396.4812 6338.0066 0
27 1354.8895 641.82355 -2158.9582 8571.9274 5781.838 0
28 1380.064 658.46345 -3195.7825 7684.934 5183.5534 0
29 1405.2385 677.1072 -4357.0136 6737.263 4544.3413 0
30 1430.413 698.01505 -5659.0791 5730.0973 3864.9994 0
31 1454.25 720.13755 -7040.9327 4547.269 3067.1717 0
32 1476.75 743.59015 -8500.7613 3230.5462 2179.0309 0
33 1499.25 769.96795 -10141.328 1920.6677 1295.5067 0
34 1521.75 799.97935 -12005.968 630.77619 425.46391 0
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File Information
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File Name: NSIntStaticLtoRStagedFillCase1_Slope3to1.gsz
Directory: S:\1356\PROJECTS\2006\1356-06-825 Duke Power - Allen Steam Station Ash Landfill\Calculations
\Slope Stability\SLOPEW\North-South\Internal\

SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Auto-Search
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 1
Optimize Critical Slip Surface

Optimization Maximum Iterations: 10000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
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Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 10: Ash (Dry)
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 11,12,13,14,15,16,17,18
Region 3 Dike I 18,17,16,19,20
Region 4 Dike III 3,11,12,13,14,7,8,9,10,6,32,2
Region 5 Saprolite 5,4,3,11,18,20,19,21,22,23,36,38,24,25,26,27,28,29
Region 6 PWR 31,29,28,27,26,25,24,38,39
Region 7 Ash (Dry) 14,7,40,42,37,35,34,33
Region 8 Ash (Dry) 35,34,33,14,15,16,19,21,22,23,36
Region 9 Ash Fill 40,41,43,42

Points
X Y

Point 1 0 640
Point 2 630 640
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Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 655 645
Point 7 755 620
Point 8 740 625
Point 9 715 625

Point 10 685 630
Point 11 540 575
Point 12 640 625
Point 13 655 625
Point 14 665 620
Point 15 685 610
Point 16 655 610
Point 17 640 610
Point 18 570 575
Point 19 716 585.75
Point 20 650 575
Point 21 730 588
Point 22 950 578
Point 23 1400 564
Point 24 1400 550
Point 25 950 548
Point 26 740 537
Point 27 650 555
Point 28 350 566
Point 29 0 566
Point 30 1400 530
Point 31 0 530
Point 32 640 645
Point 33 730 619
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Point 34 950 607
Point 35 2400 607
Point 36 2400 564
Point 37 2400 620
Point 38 2400 550
Point 39 2400 530
Point 40 855 620
Point 41 885 630
Point 42 1565 620
Point 43 1535 630

Tension Crack
Tension Crack Option: (none)

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 620)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
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Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Dry)

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 2.077 (1544.19, 715.963) 19.17588 (1529.94, 630) (1568.4, 620)
2 903 3.966 (1544.19, 715.963) 101.115 (1490.95, 630) (1576.06, 620)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1530.7365 629.2079 -1385.7651 47.848788 32.274415 0
2 1532.098 627.79635 -1297.7047 128.41305 86.615693 0
3 1533.232 626.55745 -1220.3675 200.60631 135.31067 0
4 1534.3995 625.35775 -1145.4943 283.811 191.43294 0
5 1535.3435 624.4456 -1088.6289 332.57614 224.32544 0
6 1536.354 623.54055 -1032.1332 383.19721 258.46978 0
7 1537.6875 622.39425 -960.59469 427.9571 288.66071 0
8 1539.021 621.24795 -889.0562 472.717 318.85164 0
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9 1540.131 620.3374 -832.24909 528.19434 356.27158 0
10 1540.817 619.90135 -805.05091 646.6768 301.55034 0
11 1541.6105 619.63495 -788.42322 675.04251 314.77749 0
12 1542.711 619.29945 -767.48217 672.45204 313.56954 0
13 1543.811 618.96395 -746.54981 669.86158 312.36158 0
14 1544.996 618.64975 -726.9472 685.22975 319.52788 0
15 1546.266 618.35685 -708.66704 674.08668 314.33178 0
16 1547.5355 618.064 -690.39455 662.95129 309.13926 0
17 1548.8595 617.81575 -674.89951 671.37525 313.06742 0
18 1550.238 617.61205 -662.18777 648.6793 302.48413 0
19 1551.616 617.40835 -649.4832 625.98335 291.90083 0
20 1552.8945 617.26605 -640.60223 623.76744 290.86753 0
21 1554.073 617.1852 -635.55771 595.00695 277.4563 0
22 1555.2515 617.10435 -630.5132 566.25492 264.04901 0
23 1556.536 617.06125 -627.81995 547.92776 255.50291 0
24 1557.926 617.05595 -627.48899 504.36263 235.18816 0
25 1559.365 617.1316 -632.21687 477.49955 222.6617 0
26 1560.853 617.2882 -641.98863 411.85765 192.05238 0
27 1562.2095 617.5248 -656.75064 372.62139 173.75621 0
28 1563.435 617.8414 -676.50159 293.28578 136.76141 0
29 1564.524 618.21145 -699.59341 238.55882 111.24181 0
30 1565.7985 618.77845 -734.97909 149.64996 69.782921 0
31 1567.497 619.56685 -784.17295 54.330875 25.334903 0

Slices of Slip Surface: 903

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1492.284 629.20075 -1384.4668 63.379924 42.750299 0
2 1494.956 627.6566 -1288.1608 185.59335 125.18429 0
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3 1497.628 626.21855 -1198.4484 301.79626 203.56415 0
4 1500.3 624.88165 -1115.056 412.05221 277.93272 0
5 1502.972 623.6414 -1037.6973 516.42235 348.33127 0
6 1505.644 622.49395 -966.13962 614.93878 414.78145 0
7 1508.316 621.436 -900.13271 707.692 477.34428 0
8 1510.988 620.4645 -839.53351 794.67591 536.01567 0
9 1513.741 619.5524 -782.54279 886.62616 413.44057 0

10 1516.5755 618.7024 -729.54231 965.64157 450.28606 0
11 1519.41 617.9417 -682.09693 1037.9721 484.01434 0
12 1522.2445 617.2683 -640.08546 1103.6111 514.62229 0
13 1525.079 616.6804 -603.40112 1162.5639 542.11245 0
14 1527.9135 616.1764 -571.9588 1214.8771 566.50651 0
15 1530.748 615.7551 -545.66682 1260.4603 587.76228 0
16 1533.5825 615.4155 -524.50104 1299.2891 605.86844 0
17 1536.3635 615.1601 -508.59713 1290.0813 601.5748 0
18 1539.091 614.98535 -497.72395 1232.2989 574.63041 0
19 1541.8185 614.8845 -491.40319 1167.0001 544.18109 0
20 1544.5455 614.8573 -489.73884 1094.0935 510.18418 0
21 1547.2725 614.9037 -492.62925 1013.4779 472.59249 0
22 1550 615.02375 -500.097 924.97081 431.32097 0
23 1552.7275 615.21775 -512.21516 828.38563 386.28257 0
24 1555.4545 615.4862 -528.95999 723.49862 337.37295 0
25 1558.1815 615.82965 -550.39229 610.16307 284.52371 0
26 1560.909 616.24885 -576.51091 488.02555 227.57005 0
27 1563.6365 616.74475 -607.46626 356.80862 166.38259 0
28 1566.382 617.32295 -643.49992 259.71885 121.10889 0
29 1569.146 617.9859 -684.85587 197.1831 91.947989 0
30 1571.91 618.7319 -731.41083 125.53978 58.540162 0
31 1574.674 619.56295 -783.24767 44.341607 20.676831 0
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SLOPE/W
Report generated using GeoStudio 2007, version 7.01. Copyright © 1991-2007 GEO-SLOPE International Ltd.

File Information
Revision Number: 26
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Time: 8:57:48 AM
File Name: NSIntStaticLtoRStagedFillCase2_Slope3to1.gsz
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SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 1
Optimize Critical Slip Surface

Optimization Maximum Iterations: 10000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °
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Material 10: Ash (Dry)
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 11,12,13,14,15,16,17,18
Region 3 Dike I 18,17,16,19,20
Region 4 Dike III 3,11,12,13,14,6,7,8,9,10,32,2
Region 5 Saprolite 5,4,3,11,18,20,19,21,22,23,36,38,24,25,26,27,28,29
Region 6 PWR 31,29,28,27,26,25,24,38,39
Region 7 Ash (Dry) 14,6,40,43,37,35,34,33
Region 8 Ash (Dry) 35,34,33,14,15,16,19,21,22,23,36
Region 9 RAB Ash 40,41,42,43

Points
X Y

Point 1 0 640
Point 2 630 640
Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 755 620
Point 7 740 625
Point 8 715 625
Point 9 700 630
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Point 10 685 630
Point 11 540 575
Point 12 640 625
Point 13 655 625
Point 14 665 620
Point 15 685 610
Point 16 655 610
Point 17 640 610
Point 18 570 575
Point 19 716 585.75
Point 20 650 575
Point 21 730 588
Point 22 950 578
Point 23 1400 564
Point 24 1400 550
Point 25 950 548
Point 26 740 537
Point 27 650 555
Point 28 350 566
Point 29 0 566
Point 30 1400 530
Point 31 0 530
Point 32 640 645
Point 33 730 619
Point 34 950 607
Point 35 2400 607
Point 36 2400 564
Point 37 2400 620
Point 38 2400 550
Point 39 2400 530
Point 40 855 620
Point 41 945 650
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Point 42 1475 650
Point 43 1565 620

Tension Crack
Tension Crack Option: (none)

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (1346, 650)
Left-Zone Right Coordinate: (1467.4377, 650)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1551, 624.66667)
Right-Zone Right Coordinate: (1711, 620)
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 620)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered
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Material: RAB Ash
Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Dry)

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.448 (1679.74, 1199.82) 46.51764 (1467.44, 650) (1565.16, 620)
2 101 1.488 (1679.74, 1199.82) 589.382 (1467.44, 650) (1551, 624.667)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength (psf)

Cohesive 
Strength 

(psf)

1 1469.589 649.4564 -2649.2117 46.17925 21.533738 0
2 1472.934 648.5098 -2590.2305 120.44889 56.166242 0
3 1474.564 647.92445 -2553.6823 160.34724 74.771148 0
4 1476.5605 647.0893 -2501.5815 184.69425 86.124341 0
5 1479.681 645.78365 -2420.1101 205.19809 95.685442 0
6 1482.8015 644.478 -2338.6386 225.70194 105.24654 0
7 1486.015 643.1727 -2257.1743 246.99061 115.17361 0
8 1489.3215 641.8677 -2175.733 262.86814 122.57743 0
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9 1492.3935 640.68165 -2101.7286 278.42387 129.83118 0
10 1495.231 639.61455 -2035.16 288.01002 134.30128 0
11 1498.0685 638.5475 -1968.5584 297.59947 138.77291 0
12 1500.9085 637.50445 -1903.4702 308.24871 143.73874 0
13 1503.751 636.4854 -1839.881 313.97174 146.40743 0
14 1506.593 635.46635 -1776.2918 319.69477 149.07612 0
15 1509.404 634.4821 -1714.8929 326.61045 152.30096 0
16 1512.1845 633.5327 -1655.6355 328.43481 153.15167 0
17 1515.4465 632.4366 -1587.234 330.94524 154.3223 0
18 1519.1895 631.19375 -1509.7016 330.53958 154.13314 0
19 1522.671 630.0713 -1439.6595 331.40552 154.53693 0
20 1525.8905 629.06925 -1377.1095 325.56277 151.81241 0
21 1529.1095 628.06715 -1314.5891 319.74968 149.10173 0
22 1532.19 627.1415 -1256.8213 315.57204 147.15366 0
23 1535.132 626.2923 -1203.851 304.63834 142.05519 0
24 1538.074 625.4431 -1150.848 293.70789 136.95824 0
25 1541.2095 624.58435 -1097.2656 282.83795 131.8895 0
26 1544.5385 623.71605 -1043.0811 262.44318 122.37927 0
27 1547.867 622.8477 -988.89653 242.04841 112.86903 0
28 1550.953 622.11055 -942.89066 223.79378 104.35675 0
29 1553.7965 621.5046 -905.08835 194.05069 90.487325 0
30 1556.6395 620.8986 -867.28604 164.30417 76.616291 0
31 1560.314 620.2978 -829.77992 115.77178 53.985268 0
32 1562.8405 619.96385 -808.93851 69.2426 32.288355 0
33 1564.057 619.96105 -808.78172 36.297683 16.925888 0
34 1565.0795 619.9972 -811.02261 0.28853144 0.13454442 0

Slices of Slip Surface: 101

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base Normal 
Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)
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1 1468.698 649.51665 -2652.9451 38.495558 17.950774 0
2 1471.2185 648.5565 -2593.0117 114.97575 53.614074 0
3 1473.7395 647.6095 -2533.9458 190.75863 88.952212 0
4 1476.4075 646.622 -2472.3011 232.70835 108.51368 0
5 1479.2225 645.5955 -2408.2379 240.3895 112.09546 0
6 1482.037 644.5851 -2345.1904 246.80843 115.08866 0
7 1484.8515 643.5908 -2283.1392 251.96104 117.49136 0
8 1487.6665 642.61255 -2222.0968 255.84677 119.30331 0
9 1490.4815 641.65015 -2162.0438 258.46215 120.52288 0
10 1493.2965 640.70355 -2102.9913 259.80031 121.14687 0
11 1496.1115 639.77275 -2044.8838 259.85806 121.1738 0
12 1498.926 638.85765 -1987.8016 258.6394 120.60553 0
13 1501.7405 637.9581 -1931.6538 256.13142 119.43604 0
14 1504.5555 637.07405 -1876.4851 252.33501 117.66575 0
15 1507.3705 636.20545 -1822.3074 247.24811 115.29369 0
16 1510.1855 635.35225 -1769.0618 240.86174 112.31567 0
17 1513 634.51435 -1716.759 233.17759 108.7325 0
18 1515.8145 633.69165 -1665.4433 224.18733 104.54027 0
19 1518.6295 632.88415 -1615.0556 213.88953 99.738324 0
20 1521.4445 632.09175 -1565.605 202.27959 94.324522 0
21 1524.2595 631.3144 -1517.1011 189.35322 88.296857 0
22 1527.074 630.55205 -1469.518 175.10618 81.65335 0
23 1529.8885 629.80455 -1422.8988 159.5311 74.390573 0
24 1532.7035 629.07195 -1377.1823 142.63097 66.509913 0
25 1535.5185 628.35415 -1332.378 124.39203 58.004954 0
26 1538.3335 627.6511 -1288.5267 104.81415 48.875642 0
27 1541.1485 626.96275 -1245.5676 83.890735 39.118892 0
28 1543.963 626.289 -1203.5081 61.618729 28.733285 0
29 1546.7775 625.6299 -1162.3895 37.991809 17.715872 0
30 1549.5925 624.98535 -1122.1846 13.004896 6.0642824 0
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SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Entry and Exit
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 1
Optimize Critical Slip Surface

Optimization Maximum Iterations: 10000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
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Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 10: Ash (Dry)
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 11,12,13,14,15,16,17,18
Region 3 Dike I 18,17,16,19,20
Region 4 Dike III 3,11,12,13,14,6,7,8,9,10,32,2
Region 5 Saprolite 5,4,3,11,18,20,19,21,22,23,36,38,24,25,26,27,28,29
Region 6 PWR 31,29,28,27,26,25,24,38,39
Region 7 Ash (Dry) 14,6,40,43,37,35,34,33
Region 8 Ash (Dry) 35,34,33,14,15,16,19,21,22,23,36
Region 9 Ash Fill 40,41,42,43

Points
X Y

Point 1 0 640
Point 2 630 640
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Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 755 620
Point 7 740 625
Point 8 715 625
Point 9 700 630

Point 10 685 630
Point 11 540 575
Point 12 640 625
Point 13 655 625
Point 14 665 620
Point 15 685 610
Point 16 655 610
Point 17 640 610
Point 18 570 575
Point 19 716 585.75
Point 20 650 575
Point 21 730 588
Point 22 950 578
Point 23 1400 564
Point 24 1400 550
Point 25 950 548
Point 26 740 537
Point 27 650 555
Point 28 350 566
Point 29 0 566
Point 30 1400 530
Point 31 0 530
Point 32 640 645
Point 33 730 619
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Point 34 950 607
Point 35 2400 607
Point 36 2400 564
Point 37 2400 620
Point 38 2400 550
Point 39 2400 530
Point 40 855 620
Point 41 1005 670
Point 42 1415 670
Point 43 1565 620

Tension Crack
Tension Crack Option: (none)

Slip Surface Entry and Exit
Left-Zone Increment: 4
Left Projection: Range
Left-Zone Left Coordinate: (1331, 670)
Left-Zone Right Coordinate: (1434, 663.66667)
Right-Zone Increment: 4
Right Projection: Range
Right-Zone Left Coordinate: (1536, 629.66667)
Right-Zone Right Coordinate: (1752, 620)
Radius Increments: 4

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 620)

Piezometric Lines
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Piezometric Line 1
Coordinates

Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Dry)

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.918 (1527.07, 746.234) 84.95558 (1411.02, 670) (1574.48, 620)
2 83 1.997 (1527.07, 746.234) 140.528 (1409.02, 670) (1588.82, 620)

Slices of Slip Surface: Optimized
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X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1413.0095 667.8904 -3799.5578 120.17912 81.061838 0
2 1416.0855 664.63 -3596.0674 285.29623 192.43474 0
3 1418.9895 661.85925 -3423.309 416.75512 281.10488 0
4 1423.1005 658.55615 -3217.0757 574.46399 387.48085 0
5 1427.6855 655.1899 -3006.9874 695.22519 468.93531 0
6 1432.271 651.82365 -2797.0749 815.96882 550.37792 0
7 1437.0215 648.4816 -2588.4216 958.18814 646.30606 0
8 1441.9365 645.1638 -2381.3479 1071.6908 722.8646 0
9 1446.8515 641.84605 -2174.4428 1185.1767 799.41177 0

10 1451.767 638.5283 -1967.369 1298.6794 875.97032 0
11 1456.663 635.29335 -1765.4209 1426.7012 962.3221 0
12 1461.5385 632.14125 -1568.8133 1531.3347 1032.8983 0
13 1466.721 628.80795 -1360.8178 1646.4635 1110.5537 0
14 1472.211 625.29345 -1141.5092 1762.2928 1188.6815 0
15 1477.7005 621.7789 -922.20061 1877.9687 1266.7059 0
16 1480.4825 620.0108 -811.87615 2342.6492 1580.1368 0
17 1480.842 619.9076 -805.43816 2339.8237 1091.0777 0
18 1483.814 619.2107 -761.94548 2385.0575 1112.1706 0
19 1489.1145 618.00165 -686.50879 2337.2312 1089.8688 0
20 1494.415 616.79255 -611.05371 2289.5889 1067.6529 0
21 1499.5845 615.75225 -546.13543 2295.4935 1070.4062 0
22 1504.6235 614.88075 -491.75458 2224.3154 1037.2153 0
23 1509.6625 614.00925 -437.37374 2153.1373 1004.0244 0
24 1515.285 613.22065 -388.17491 2123.4594 990.18537 0
25 1521.4915 612.51495 -344.13362 1999.3881 932.33 0
26 1527.6985 612.0106 -312.65484 1924.7849 897.54192 0
27 1533.9055 611.70765 -293.76263 1758.3918 819.95156 0
28 1541.086 611.686 -292.40519 1607.4624 749.57204 0
29 1549.1475 612.2415 -327.07197 1346.6935 627.97351 0
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30 1557.198 613.59055 -411.24813 1004.4445 468.38017 0
31 1563.132 615.28895 -517.22808 678.93139 316.59091 0
32 1567.3715 617.048 -627.00375 375.7738 175.2262 0
33 1572.114 619.016 -749.79483 125.25858 58.409036 0

Slices of Slip Surface: 83

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1412.0105 665.7272 -3654.0172 224.65319 151.53049 0
2 1418.145 657.58945 -3148.0492 624.78444 421.42242 0
3 1424.4355 650.35745 -2698.5651 957.99495 646.17576 0
4 1430.726 644.02555 -2304.7284 1264.3795 852.83477 0
5 1437.0165 638.43315 -1956.6072 1543.8168 1041.3176 0
6 1443.307 633.4692 -1647.4027 1796.691 1211.8834 0
7 1449.5975 629.0533 -1372.3174 2023.4721 1364.8491 0
8 1455.888 625.1251 -1127.5823 2224.606 1500.5157 0
9 1462.1785 621.6382 -910.27679 2400.2807 1619.0098 0

10 1468.3755 618.59655 -720.86744 2591.8662 1208.6071 0
11 1474.479 615.961 -556.56863 2703.2422 1260.5425 0
12 1480.583 613.65875 -413.04389 2789.6463 1300.8334 0
13 1486.6865 611.6726 -289.21479 2850.7239 1329.3144 0
14 1492.79 609.9887 -184.22789 2886.3853 1345.9436 0
15 1498.8935 608.59595 -97.388627 2896.14 1350.4923 0
16 1504.997 607.48555 -28.15304 2879.6964 1342.8245 0
17 1511.22 606.6399 24.745883 2834.1438 1310.0438 0
18 1517.5615 606.0646 60.616434 2756.7798 1257.2416 0
19 1523.903 605.77785 78.496541 2647.8159 1198.0933 0
20 1530.2445 605.77785 78.496541 2506.4162 1132.1575 0
21 1536.586 606.0646 60.616434 2331.0867 1058.7377 0
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22 1542.9275 606.6399 24.745883 2119.8895 976.98149 0
23 1549.2485 607.50355 -29.133072 1868.027 871.07531 0
24 1555.549 608.65915 -101.18353 1569.6284 731.92975 0
25 1561.8495 610.11605 -192.01995 1221.1442 569.42887 0
26 1567.978 611.82715 -298.96821 942.13373 439.32418 0
27 1573.934 613.787 -421.16566 740.84637 345.46234 0
28 1579.89 616.04875 -562.17366 489.80173 228.3983 0
29 1585.8455 618.62845 -722.98549 180.2584 84.055874 0

file:///S|/1356/PROJECTS/2006/1356-06-825%20Duke%20Power...h/Internal/nsintstaticltorstagedfillcase3_slope3to1.html (9 of 9) [3/4/2008 3:09:23 PM]



SLOPE/W

SLOPE/W
Report generated using GeoStudio 2007, version 7.01. Copyright © 1991-2007 GEO-SLOPE International Ltd.

File Information
Revision Number: 32
Date: 3/4/2008
Time: 9:02:52 AM
File Name: NSIntStaticLtoRStagedFillCase4_Slope3to1.gsz
Directory: S:\1356\PROJECTS\2006\1356-06-825 Duke Power - Allen Steam Station Ash Landfill\Calculations
\Slope Stability\SLOPEW\North-South\Internal\

SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Auto-Search
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 1
Optimize Critical Slip Surface

Optimization Maximum Iterations: 10000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
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Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 10: Ash (Dry)
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 11,12,13,14,15,16,17,18
Region 3 Dike I 18,17,16,19,20
Region 4 Dike III 3,11,12,13,14,6,7,8,9,10,32,2
Region 5 Saprolite 5,4,3,11,18,20,19,21,22,23,36,38,24,25,26,27,28,29
Region 6 PWR 31,29,28,27,26,25,24,38,39
Region 7 Ash (Dry) 14,6,40,43,37,35,34,33
Region 8 Ash (Dry) 35,34,33,14,15,16,19,21,22,23,36
Region 9 Ash Fill 40,41,42,43

Points
X Y

Point 1 0 640
Point 2 630 640
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Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 755 620
Point 7 740 625
Point 8 715 625
Point 9 700 630

Point 10 685 630
Point 11 540 575
Point 12 640 625
Point 13 655 625
Point 14 665 620
Point 15 685 610
Point 16 655 610
Point 17 640 610
Point 18 570 575
Point 19 716 585.75
Point 20 650 575
Point 21 730 588
Point 22 950 578
Point 23 1400 564
Point 24 1400 550
Point 25 950 548
Point 26 740 537
Point 27 650 555
Point 28 350 566
Point 29 0 566
Point 30 1400 530
Point 31 0 530
Point 32 640 645
Point 33 730 619
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Point 34 950 607
Point 35 2400 607
Point 36 2400 564
Point 37 2400 620
Point 38 2400 550
Point 39 2400 530
Point 40 855 620
Point 41 1065 690
Point 42 1355 690
Point 43 1565 620

Tension Crack
Tension Crack Option: (none)

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 620)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
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Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Dry)

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.896 (1523.88, 776.372) 111.8505 (1354.68, 690) (1573.92, 620)
2 915 1.950 (1523.88, 776.372) 166.1 (1389.74, 678.42) (1579.89, 620)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1354.8375 689.90555 -5173.3044 6.6627905 4.4941089 0
2 1358.081 688.0209 -5055.7303 67.170252 45.306907 0
3 1364.2425 684.4405 -4832.3347 174.85763 117.94296 0
4 1370.404 680.8601 -4608.939 282.55624 190.58659 0
5 1376.931 677.13895 -4376.7321 395.83755 266.9958 0
6 1383.8225 673.27705 -4135.7182 507.42042 342.25939 0
7 1390.714 669.41515 -3894.7043 619.00329 417.52299 0
8 1397.2695 665.74595 -3665.7448 725.35966 489.26127 0
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9 1403.489 662.26945 -3448.7671 825.51187 556.81478 0
10 1410.4825 658.3546 -3204.509 937.81195 632.56215 0
11 1418.2495 654.0014 -2932.9367 1063.6135 717.41638 0
12 1425.782 649.7792 -2669.3835 1185.5892 799.69001 0
13 1433.08 645.688 -2414.0865 1303.8553 879.4615 0
14 1440.2075 641.683 -2164.252 1417.9539 956.42196 0
15 1447.1645 637.7642 -1919.6606 1531.9212 1033.2939 0
16 1453.44 634.22025 -1698.4845 1632.536 1101.1594 0
17 1459.034 631.05115 -1500.7946 1725.2372 1163.6872 0
18 1466.001 627.10125 -1254.2814 1840.2246 1241.2472 0
19 1474.3405 622.37055 -959.11956 1978.836 1334.7417 0
20 1478.5225 620.0026 -811.36765 2512.1422 1694.4613 0
21 1482.617 619.12715 -756.73836 2445.4882 1140.3499 0
22 1490.7815 617.3815 -647.80646 2361.1693 1101.0313 0
23 1498.959 615.869 -553.42472 2327.4792 1085.3214 0
24 1507.1495 614.5896 -473.59028 2198.2821 1025.0758 0
25 1514.9205 613.60035 -411.86614 2126.7698 991.72906 0
26 1522.2715 612.90125 -368.23385 1965.4847 916.52057 0
27 1529.2565 612.4637 -340.92819 1863.5354 868.98082 0
28 1535.875 612.2877 -329.94756 1668.9955 778.26536 0
29 1544.6575 612.5193 -344.39864 1438.1863 670.63727 0
30 1555.5825 613.8248 -425.86604 1016.2446 473.88263 0
31 1563.017 615.6091 -537.21831 646.81843 301.61639 0
32 1569.4615 618.20375 -699.10979 229.97676 107.23992 0

Slices of Slip Surface: 915

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1392.9945 674.24775 -4187.6795 168.28551 113.51001 0
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2 1399.5055 666.3932 -3699.2669 491.34703 331.41776 0
3 1406.017 659.42995 -3265.9317 794.37079 535.80986 0
4 1412.5285 653.20515 -2878.3483 1076.1371 725.86363 0
5 1419.04 647.6108 -2529.8482 1336.1933 901.27377 0
6 1425.5515 642.56735 -2215.6001 1574.2454 1061.842 0
7 1432.0625 638.0142 -1931.8052 1790.4192 1207.653 0
8 1438.574 633.90415 -1675.6042 1984.5594 1338.6022 0
9 1445.0855 630.19965 -1444.7531 2156.5859 1454.6356 0

10 1451.5965 626.87045 -1237.1843 2306.6124 1555.8297 0
11 1458.108 623.8919 -1051.4857 2434.3368 1641.9809 0
12 1464.6195 621.24375 -886.36326 2539.5777 1712.9668 0
13 1471.1125 618.915 -741.18891 2630.9651 1226.8392 0
14 1477.5875 616.8902 -614.92724 2678.2845 1248.9046 0
15 1484.0625 615.15075 -506.46017 2701.3408 1259.6559 0
16 1490.5375 613.68755 -415.20135 2699.8299 1258.9514 0
17 1497.0125 612.49315 -340.72542 2673.0136 1246.4467 0
18 1503.4875 611.56165 -282.62909 2620.1545 1221.7981 0
19 1509.9625 610.8887 -240.66376 2540.2114 1184.52 0
20 1516.4375 610.4711 -214.62763 2432.1482 1134.1293 0
21 1522.9125 610.3069 -204.38523 2294.3342 1069.8656 0
22 1529.3875 610.39535 -209.89457 2125.0301 990.91782 0
23 1535.8625 610.73685 -231.19614 1922.5784 896.51303 0
24 1542.3375 611.33305 -268.37968 1684.2218 785.36551 0
25 1548.8125 612.18665 -321.60566 1406.9637 656.07794 0
26 1555.2875 613.3017 -391.14947 1087.33 507.03032 0
27 1561.7625 614.68365 -477.32905 720.83513 336.13094 0
28 1568.7225 616.4861 -589.01141 411.8903 192.0676 0
29 1576.1675 618.76505 -731.09891 153.94709 71.786708 0
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File Information
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SLOPE/W
Kind: SLOPE/W
Method: Spencer
Convergence

Minimum Slice Thickness: 0.1
Ignore seismic load in strength: No

Number of Slices: 30
Optimization Tolerance: 0.01
Direction of movement: Left to Right
Allow Passive Mode: 0
Slip Surface Option: Auto-Search
PhreaticCorrection: No
FOS Distribution Calculation: Constant
Optimize Critical Slip Surface Location: Yes
Cap Suction: No
Rapid Drawdown: No
IncludeAirFlow: No
PWP Conditions Source: Piezometric Line
ConsolSatOnly: No
MovingBoundary: No
NumCritialSlipSurfaces: 1
Optimize Critical Slip Surface

Optimization Maximum Iterations: 10000
Optimization Convergence Tolerance: 1e-007
Starting Optimization Points: 8
Ending Optimization Points: 16
Complete Passes per Insertion: 1
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Materials
Material 1: RAB Ash

Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Material 2: Ash Fill
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 3: Dike II
Model: Mohr-Coulomb
Weight: 115 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 4: Dike I
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 600 psf
Phi: 26 °
Phi-B: 0 °

Material 7: Saprolite
Model: Mohr-Coulomb
Weight: 110 pcf
Cohesion: 70 psf
Phi: 32 °
Phi-B: 0 °

Material 8: PWR
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 500 psf
Phi: 45 °
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Phi-B: 0 °

Material 9: Dike III
Model: Mohr-Coulomb
Weight: 120 pcf
Cohesion: 0 psf
Phi: 34 °
Phi-B: 0 °

Material 10: Ash (Dry)
Model: Mohr-Coulomb
Weight: 90 pcf
Cohesion: 0 psf
Phi: 25 °
Phi-B: 0 °

Regions
Material Points

Region 1 RAB Ash 1,2,3,4,5
Region 2 Dike II 11,12,13,14,15,16,17,18
Region 3 Dike I 18,17,16,19,20
Region 4 Dike III 3,11,12,13,14,6,7,8,9,10,32,2
Region 5 Saprolite 5,4,3,11,18,20,19,21,22,23,36,38,24,25,26,27,28,29
Region 6 PWR 31,29,28,27,26,25,24,38,39
Region 7 Ash (Dry) 14,6,40,43,37,35,34,33
Region 8 Ash (Dry) 35,34,33,14,15,16,19,21,22,23,36
Region 9 Ash Fill 40,41,42,43

Points
X Y

Point 1 0 640
Point 2 630 640
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Point 3 500 575
Point 4 350 587
Point 5 0 587
Point 6 755 620
Point 7 740 625
Point 8 715 625
Point 9 700 630

Point 10 685 630
Point 11 540 575
Point 12 640 625
Point 13 655 625
Point 14 665 620
Point 15 685 610
Point 16 655 610
Point 17 640 610
Point 18 570 575
Point 19 716 585.75
Point 20 650 575
Point 21 730 588
Point 22 950 578
Point 23 1400 564
Point 24 1400 550
Point 25 950 548
Point 26 740 537
Point 27 650 555
Point 28 350 566
Point 29 0 566
Point 30 1400 530
Point 31 0 530
Point 32 640 645
Point 33 730 619
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Point 34 950 607
Point 35 2400 607
Point 36 2400 564
Point 37 2400 620
Point 38 2400 550
Point 39 2400 530
Point 40 855 620
Point 41 1125 710
Point 42 1295 710
Point 43 1565 620

Tension Crack
Tension Crack Option: (none)

Slip Surface Limits
Left Coordinate: (0, 640)
Right Coordinate: (2400, 620)

Piezometric Lines
Piezometric Line 1

Coordinates
Coordinate: (0, 640)
Coordinate: (630, 640)
Coordinate: (650, 620)
Coordinate: (730, 619)
Coordinate: (950, 607)
Coordinate: (2400, 607)

Adjust Piez Line By: 0 ft
Bound by Surface Layer: Yes
Materials Considered

Material: RAB Ash
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Material: Ash Fill
Material: Dike II
Material: Dike I
Material: Fill
Material: Alluvium
Material: Saprolite
Material: PWR
Material: Dike III
Material: Ash (Dry)

Seismic Loads
Horz Seismic Load: 0
Vert Seismic Load: 0

Critical Slip Surfaces
Number FOS Center (ft) Radius (ft) Entry (ft) Exit (ft)

1 Optimized 1.800 (1479.66, 851.808) 195.3808 (1265.75, 710) (1657.34, 620)
2 826 1.864 (1479.66, 851.808) 284.446 (1233.09, 710) (1644.51, 620)

Slices of Slip Surface: Optimized

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1270.655 704.70825 -6096.9736 307.99852 207.74763 0
2 1280.463 694.1248 -5436.5807 924.02329 623.26158 0
3 1290.1835 683.59195 -4779.3315 1531.9063 1033.2839 0
4 1299.9845 672.92725 -4113.8422 2054.1041 1385.5107 0
5 1309.953 662.0802 -3437.0149 2490.5698 1679.9106 0
6 1321.426 650.5473 -2717.3709 3107.0494 2095.7313 0
7 1334.404 638.3285 -1954.9003 3591.2583 2422.3343 0
8 1347.382 626.10955 -1192.4123 4075.4639 2748.9351 0
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9 1359.467 616.75 -608.40359 5314.4818 2478.1836 0
10 1370.659 610.25 -202.79725 5519.553 2573.8098 0
11 1383.1265 603.00885 249.04677 5768.1805 2573.6143 0
12 1396.87 595.02655 747.16549 6060.4402 2477.6207 0
13 1409.4865 588.93725 1127.1118 6728.253 2611.8551 0
14 1420.976 584.741 1388.9627 6767.7391 2508.1646 0
15 1432.466 580.54475 1650.8136 6807.307 2404.5123 0
16 1443.956 576.34845 1912.6646 6846.7931 2300.8219 0
17 1456.473 573.10485 2115.022 7271.1389 2404.3368 0
18 1470.017 570.81395 2257.9988 7074.9463 2246.1795 0
19 1483.561 568.52305 2400.9755 6878.6809 2087.9883 0
20 1496.137 567.45535 2467.5853 7069.0469 2145.6968 0
21 1507.745 567.61085 2457.8514 6685.0319 1971.1666 0
22 1519.353 567.7664 2448.2036 6300.9307 1796.5561 0
23 1532.3285 569.2768 2353.9128 6191.823 1789.6469 0
24 1546.672 572.14205 2175.1303 5409.6923 1508.301 0
25 1559.422 575.88085 1941.82 5052.2772 1450.43 0
26 1570.797 580.58345 1648.3582 4334.6425 1252.6349 0
27 1582.3905 585.3764 1349.2799 3828.234 1155.9553 0
28 1593.984 590.1694 1050.2016 3321.8256 1059.2757 0
29 1605.5775 594.9624 751.14725 2815.4172 962.58489 0
30 1621.1615 602.17945 300.80439 2147.7386 861.23957 0
31 1637.5475 610.25 -202.80021 1216.0263 567.0424 0
32 1650.7445 616.75 -608.40064 405.33532 189.01096 0

Slices of Slip Surface: 826

X (ft) Y (ft) PoreWaterPressure 
(psf)

Base 
Normal 

Stress (psf)

Frictional 
Strength 

(psf)

Cohesive 
Strength 

(psf)

1 1239.278 700.18425 -5787.1537 509.32638 343.54498 0
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2 1251.6605 682.05275 -4663.5669 1516.2861 1022.7479 0
3 1264.0435 666.5317 -3699.5914 2493.7051 1682.0253 0
4 1276.426 652.99725 -2857.9479 3434.8902 2316.8627 0
5 1288.8085 641.06115 -2115.0781 4337.7685 2925.8618 0
6 1304.908 627.7271 -1271.4091 5233.8568 3530.281 0
7 1324.82 613.5 -386.97881 6301.1848 2938.2907 0
8 1341.594 603.2396 242.17216 6877.8881 3094.2852 0
9 1355.1335 596.18125 682.01539 7276.2471 3074.9407 0

10 1368.673 590.01315 1066.4279 7595.8765 3044.7319 0
11 1382.213 584.67335 1399.2539 7840.2343 3003.4785 0
12 1395.753 580.1129 1683.4988 8012.1251 2951.0869 0
13 1409.2925 576.293 1921.672 8113.9966 2887.5284 0
14 1422.832 573.18305 2115.4971 8147.6593 2812.8435 0
15 1436.372 570.7594 2266.6576 8112.6709 2726.0408 0
16 1449.912 569.0044 2376.0631 8009.8121 2627.0603 0
17 1463.452 567.9056 2444.5703 7838.9043 2515.4193 0
18 1476.9915 567.4554 2472.592 7598.0345 2390.0331 0
19 1490.531 567.65075 2460.4161 7286.1259 2250.2654 0
20 1504.071 568.4929 2407.9516 6900.0428 2094.6965 0
21 1517.611 569.9877 2314.7426 6436.2976 1921.9126 0
22 1531.1505 572.14565 2180.1654 5890.4703 1730.1436 0
23 1544.69 574.9823 2003.3487 5256.6157 1517.0233 0
24 1558.23 578.51885 1782.8715 4526.8754 1279.55 0
25 1572.438 583.03245 1502.7762 3926.5843 1130.2403 0
26 1587.3135 588.6423 1153.153 3453.611 1072.7212 0
27 1602.189 595.2367 742.27685 2860.841 987.90268 0
28 1617.0645 602.8943 265.24036 2127.1012 868.19996 0
29 1634.506 613.5 -386.97881 922.27994 430.0662 0
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