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1.0 Purpose 
Pursuant to the Federal Coal Combustion Residuals (CCR) Rule 40 CFR § 257.73(e)(1)(i-iv), each CCR 

impoundment is required to conduct an initial and periodic safety factor assessment to determine 
whether the CCR unit achieves the minimum safety factors at the critical cross section of the 

embankment. The critical cross section is the cross section anticipated to be the most susceptible of all 
cross sections to structural failure based on appropriate engineering considerations including loading 

conditions. 

2.0 Introduction 
The Pleasants Power Station (Station) is a coal-fired electric generating station located near the 
community of Willow Island in Pleasants County, West Virginia (WV). The Station consists of two 

generating units, which are capable of producing 1,300 megawatts of electricity.  

CCRs generated at the Station are placed in the McElroy’s Run CCR surface impoundment 
(Impoundment), which is located approximately one-half mile east-southeast of the Station. The 

Impoundment is a captive facility that receives flue gas desulfurization scrubber by-product generated 
at the Station, effluent from the recirculation system through Sedimentation Ponds 1 and 2 of the 

adjacent landfill and their underdrains, and waste materials collected primarily because of general 
house-cleaning maintenance and/or repair at the Pleasants Station. 

The dam of the Impoundment is approximately 243 feet (ft) high with a maximum storage of 

approximately 20,000 acre-ft. The crest of the dam is at elevation (El.) 900 ft, with El. 887.00 ft as the 
permitted final level of CCR and recommended normal operating pool level. The Impoundment area is 

approximately 253 acres. 

3.0 Factor of Safety Assessment 
GAI reviewed all the documents listed under the References (Section 5.0) in its assessment to 
determine if the impoundment meets the following safety factors: 

i. (3.1) The calculated static factor of safety under the long-term, maximum storage pool loading 
condition must equal or exceed 1.50. 

ii. (3.2) The calculated static factor of safety under the maximum surcharge pool loading 
condition must equal or exceed 1.40. 

iii. (3.3) The calculated seismic factor of safety must equal or exceed 1.00. 

iv. (3.4) For dikes constructed of soils that are susceptible to liquefaction, the calculated 
liquefaction factor of safety must equal or exceed 1.20. 

The stability assessments were evaluated using the Slope/W software package (GeoStudio 2007, 
version 7.15 by GeoSlope International). All analyses were conducted using the Bishop Method. The 

critical section is shown on Drawing APSC 506-190 (see Appendix A-3.1). The material strength 

parameters used in the analyses were obtained from a response to EPA comments letter written by 
GAI in 2010. These parameters were developed based on previous subsurface explorations, laboratory 

testing, and engineering judgement. The phreatic surface used in the analyses was based on water 
level readings taken from embankment piezometers.  

All calculations are included in Appendix A. 
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3.1 Long-Term Maximum Storage Pool Loading Condition 

Pursuant to the CCR Rule, the maximum storage pool loading is, “the maximum water level that can be 
maintained that will result in full development of a steady-state seepage condition.” Additionally, “the 

maximum storage pool loading needs to consider a pool elevation in the CCR unit that is equivalent to 
the lowest elevation of the invert of the spillway, i.e., the lowest overflow point of the perimeter of the 

embankment.” (emergency spillway) 

The principal spillway riser structure has a two-foot-by-two-foot opening at El. 890 ft. The spillway 
maintains an operational sluice gate at El. 885 ft, which is kept closed. Therefore, the long-term 

maximum storage pool loading condition will have a water elevation of 890 ft (GAI Inflow Design Plan). 
The CCR material in the Impoundment was permitted to an elevation of 887 ft. The calculated factor of 

safety is 1.89, which exceeds the requirement for the long term maximum storage pool condition 

(1.50). 

3.2 Maximum Surcharge Pool Loading Condition 

The maximum surcharge pool loading condition is based on the inflow design flood, which is the 
probable maximum flood (PMF). The maximum water surface elevation during the PMF is 894.8 ft. This 

water elevation corresponds to a water depth in the emergency spillway of 1.3 ft. The CCR material in 

the Impoundment was set at elevation 887 ft, which corresponds to the maximum permitted level. The 
calculated factor of safety is 1.89, which exceeds the requirement for the maximum surcharge pool 

condition (1.40). 

3.3 Seismic Factor of Safety 

The seismic factor of safety is run with a seismic loading event with a 2 percent probability of 

exceedance in 50 years, based on the United States Geological Survey (USGS) seismic hazard maps. A 
peak ground acceleration of 0.1g (acceleration of gravity) was used in the analysis. This value was 

obtained from a response to an EPA comments letter written by GAI in 2010. 

The seismic condition was conducted using the long-term maximum storage pool loading condition. 

This represents a conservative analysis, as there is a reasonable chance this situation could occur, and 

it results in full development of the steady-state seepage condition. The calculated factor of safety is 
1.36, which exceeds the requirement for a seismic event (1.00). 

3.4 Liquefaction Factor of Safety 

In 2010, GAI conducted a liquefaction analysis of the foundation soils. The soils underneath the 

Impoundment were found not to be susceptible to liquefaction. A corresponding analysis in 2010 was 

conducted on the compacted fly ash in the embankment. The three boring locations analyzed were  
CP-9, CP-11, and CP-13. CP-9 and CP-13 did not have a groundwater table and the blow counts (i.e. 

N-value) in the fly ash exceeded 30. According to “Liquefaction Resistance of Soils: Summary Report 
from the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of 

Soils, 2001,” soils with blow counts exceeding 30 are not susceptible to liquefaction. Based on this 

report, the downstream portion of the embankment is not susceptible to liquefaction.  

In 2016, a modification to the 2010 liquefaction analysis on CP-9 was conducted in order to analyze 

the embankment with a water level. The Station collects data for the piezometers located in and 
around the embankment. Highest water elevations in the center of the embankment are located in the 

bottom ash blanket. Boring log data is unavailable for the piezometers located in the centerline of the 
embankment. Therefore, to complete the liquefaction analysis, CP-9 boring data was used based on 

proximity to the centerline of the embankment. The liquefaction analysis was performed using the 

“Simplified Procedure”. The highest water level recorded over the past year in CP-1A, CP-4, and CP-6 
was applied to the analysis for CP-9 to determine the susceptibility to liquefaction. The analysis 
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determined that the embankment liquefaction minimum factor of safety is 8.50, which exceeds the 

requirement of 1.20 for liquefaction. 

4.0 Conclusion 
GAI reviewed previous stability analyses for this Safety Factor Assessment and conducted new 

analyses in order to meet the requirements of the CCR Rule. Based on the analyses conducted for the 
conditions outlined in the CCR Rule, the McElroy’s Run impoundment meets or exceeds the required 

factors of safety. 
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APPENDIX A-3.1 

Long-Term Maximum Storage Pool Loading Condition 
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APPENDIX A-3.2 

Maximum Surcharge Pool Loading Condition 
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APPENDIX A-3.3 

Seismic Factor of Safety 



1.360

Horizontal Scale: 2400

Vertical Scale: 2400

Impoundment Sludge

Interbedded Siltstone, Sandstone and Claystone

BY: TIM DATE:03/08/2016

Name: Compacted Silty Clay      Unit Weight: 132.9 pcf     Cohesion: 228 psf     Phi: 26.8 °     

Name: In Situ Silty Clay to Clayey Silt and Rock Fragments      Unit Weight: 127.8 pcf     Cohesion: 49 psf     Phi: 24.8 °     

Name: Soft Broken Claystone      Unit Weight: 135 pcf     Cohesion: 1238 psf     Phi: 32 °     

Name: Interbedded Siltstone, Sandstone and Claystone      

Name: Compacted Fly Ash      Unit Weight: 113.1 pcf     Cohesion: 0 psf     Phi: 29.7 °     

Name: Bottom Ash Filter Blanket      Unit Weight: 110 pcf     Cohesion: 0 psf     Phi: 35 °     

Name: Impoundment Sludge      Unit Weight: 70 pcf     Cohesion: 0 psf     Phi: 0.1 °     

Compacted Silty Clay

Compacted Fly Ash

Bottom Ash Filter Blanket
In Situ Silty Clay to Clayey Silt and Rock Fragments
Soft Broken Claystone

PLEASANTS POWER STATION
McELROY'S RUN CCB DISPOSAL FACILITY
SEISMIC LONG TERM MAXIMUM STORAGE POOL LOADING CONDITION

SPILLWAY ELEVATION 893.5-FT

WATER ELEVATION 890-FT

CCR ELEVATION 887-FT

Seismic Value: 0.1

Distance (x  1000)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8

E
le

v
a

ti
o

n

640

680

720

760

800

840

880

920

960



McElroy’s Run Impoundment Safety Factor Assessment Report 
Allegheny Energy Supply Company, LLC, A FirstEnergy Company 
Pleasants Power Station, Pleasants County, West Virginia 

 

 

C150917.01 / October 2016 

 

APPENDIX A-3.4 

Liquefaction Factor of Safety 
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SUBJECT: PLEASANTS POWER STATION – McELROY’S RUN CCR 
IMPOUNDMENT - LIQUEFACTION EVALUATION & ANALYSIS  
 
BY  TIM  DATE 06/06/16  PROJ. NO. C150917.01   
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OBJECTIVE: 

 
To evaluate the liquefaction resistance for the existing McElroy’s Run Coal Combustion Residual 
(CCR) embankment at the Pleasants Power Station, Pleasants County, West Virginia.  
 

METHODOLOGY: 

 
Evaluate existing subsurface conditions in conjunction with the highest observed temporal phreatic 
surfaces to determine if liquefaction analyses are required.  Field test data gathered from Standard 
Penetration Tests (SPT) are used to quantify the factor of safety against liquefaction (FSL) during a 
design earthquake of magnitude 6.1 using the “Simplified Procedure for Evaluating Liquefaction 
Potential”. 
 

REFERENCES: 

 
1. Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 

NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils, 2001. 
 

2. MSHA Manual on Coal Waste Embankments, Chapter 7 Seismic Design: Stability and 
Deformation Analyses, May 2009.  

 

3. GAI Consultants Inc., 2010. Responses to Address the Recommendations of the EPA 
Concerning Pleasants Power Station (McElroy’s Run CCB Disposal Site). December 22, 2010. 

4. United States Geological Survey, Earthquake Hazards Program, National Seismic Hazard 
Mapping Project (2008). 
 

5. United States Environmental Protection Agency, 2015. 40 CFR Parts 257 and 261 Hazardous 
and Solid Waste Management System; Disposal of Coal Combustion Residuals from Electric 
Utilities; Final Rule. April 17, 2015. 

  
 
ANALYSIS: 

 
The CCR Rule (Section 257.73(e)(1)(iv)) states “for dikes constructed of soils that have 
susceptibility to liquefaction, the calculated liquefaction factor of safety must equal or exceed 1.20”. 
 
To evaluate liquefaction potential of the embankment, the site stratigraphy must be understood 
with respect to soil classification, groundwater conditions, overburden and age of the soil deposits.  
Information from site visits and previous subsurface investigations conducted for the project site 
were employed to determine the site conditions for liquefaction evaluation.  The following 
paragraphs explain the methodology used in this analysis. 

 
A previous GAI report (Reference 3) determined that the downstream portion of the embankment 
met the target factor of safety for liquefaction. Piezometer readings show that there is a phreatic 
surface through the centerline of the embankment (CP-1A, CP-4, and CP-6). 
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Since piezometers in the centerline of the embankment were installed as the embankment height 
increased due to placement of CCR, there is no SPT data to evaluate the liquefaction potential of 
the central part of the embankment. Therefore, CP-9 was selected as it best represents the typical 
cross section of the embankment. The boring logs show that most of the embankment is 
constructed of CCR material (i.e. fly ash). The crest of the embankment is at elevation 900 feet, 
while the boring log for CP-9 shows a ground surface elevation of 875 feet. From 875 feet to 900 
feet, the embankment was built from compacted CCR. For a thorough analysis each individual soil 
interval in the boring log was evaluated for liquefaction resistance. 

 
Reviewing the piezometer data for the past year (June 2015-May 2016), the highest recorded 
phreatic surface was 743.7 feet in CP-6. . According to the Reference 3, CCR material was placed 
and compacted to a unit weight of 113.1 pcf.  

 
To determine the potential for liquefaction using the “Simplified Procedure”, SPT blow counts were 
used in conjunction with a design earthquake event having a magnitude 6.1.  The earthquake 
magnitude was obtained from Reference 4. 
 
The following steps, and associated equations, were used to determine factors of safety against 
liquefaction (FSL) in accordance with the “Simplified Procedure”.  Since each individual soil interval 
was analyzed, a spreadsheet was used to facilitate FSL calculations for the analyzed boring.  
Copies of the spreadsheets is included in Attachment 1 of the report. 
 
Step 1:  Develop cross-section including soil properties, layer geometry, groundwater elevation, 

and average N-values for the analysis (Refer to stability analyses for typical cross-
sections). 

 
Step 2:  Determine SPT blow count correction factors for the energy ratio (CE), borehole diameter 

(CB), rod length (CR), and sampling method (CS) as shown in Table 2 of Reference 1.  For 
the drilling program, safety hammers or automatic trip hammers were used on all of the 
rigs (CE = 0.7 -- conservative value); hollow stem augers with a diameter of approximately 
3.25 inches were used for all of the holes (CB=1.0); standard split-spoon samplers without 
liners were advanced in all the holes (CS=1.0); and rod lengths up to approximately 25-
feet were used. 

 
Step 3: Calculate standard blow counts, N60, by multiplying the field measured N-values by the 

correction factors determined in Step 2.  
 

Step 4:  Determine the effective vertical stress (σνo’) for existing in-situ soil conditions at each test 
depth as follows: 

 

 zT ×= γσνο '     if the test depth, z, is above the water table depth, h 

 hhz Twsat ×+−×−= γγγσνο )()('  if z>h  

 
Step 5:  Determine overburden pressure correction factor (CN) for each test depth from Table 2 in 
Reference 1, with Pa = 1.04 tsf: 
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'νοσ
a

N

P
C =  

 CN shall be limited to 1.7 
 
Step 6: Determine the design total vertical stress and the design effective vertical stresses at each 

test depth using the fly ash impoundment and/or fly ash embankment overburden. Unit 
weight for embankment fill and CCR material are based off values from Reference 4.  

 
Step 7:  Determine SPT blow counts normalized to overburden pressure, (N1)60 = N60*CN 
 

Step 8:  Correct for fines content, by applying fines correction coefficients to (α and β) to (N1)60.  

Fines contents of the CCR were quantified by laboratory testing.  To be conservative, a 
fines contents were based off of minimal values from lab data provided in Reference 3.  If 
multiple soil layers were encountered in a boring, the minimum value for fines was used. 
Using Eq. 5 from Ref. 1: 

 

601601 )()( NN cs βα +=  

 
Step 9:  Determine the stress reduction factor, rd. (Reference 1) 
 

zrd 00765.00.1)( −=  for z < 9.15 m 

or 

zrd 0267.0174.1)( −=  for z < 9.15 m < 23 m 

or 

)001210.0006205.005729.04177.0000.1(

)001753.004052.04113.0000.1(
)(

25.15.0

5.15.0

zzzz

zzz
rd +−+−

++−= for z > 23 m 

 
     z is in meters 

 
Step 10:  Calculate the Cyclic Stress Ratio (CSR) using amax = 0.1g, historic value for the site: 
 









××







 ×=
'

65.0 max

o

dr
g

a
CSR

ν

νο

σ
σ

 

Step 11:  Determine the Cyclic Resistance Ratio (CRR) for an earthquake of magnitude 6.1 based 
on the (N1)60cs values (For (N1)60cs < 30). 

 

( )
( )

( )( ) 200

1

4510

50

13534

1
2

601

601

601

5.7 −
+×

++
−

=
N

N

N
CRR  

 
Step 12:  Calculate the earthquake Magnitude Scaling Factor (MSF) based on recommendations 

by Idriss for engineering practice, (Reference 1): 
 

MSF = 102.24/M2.56 
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Step 13:  Calculate Kσ based on Reference 1,  

     
)1(' )/( −= f

avo PK σσ  

 
where f = 0.6 for relative densities greater than or equal to 80%, f = 0.7 for relative 
densities greater than 40% but less than 80% and f = 0.8 for relative densities less than 
40%. 

 
 
Step 14:  Calculate the corrected Cyclic Resistance Ratio using the previously determined 

correction factors and CRR7.5. 
 

5.7CRRKKCRR ××= ασ  

 
  Where Kα = 1 based on recommendations from Reference 1 
 
Step 15:  Calculate the factor of safety against liquefaction, FSL. 

 

MSF
CSR

CRR
FS L ×=  

 
 

 

SUMMARY: 

 
Materials in the embankment consisted of compacted CCR material. SPT data from the borings 
were used to analyze the potential for liquefaction resulting from a design earthquake with 
magnitude of 6.1, using the “Simplified Procedure”. 
 
To be conservative, each individual soil interval in the analysis section boring was evaluated for 
liquefaction potential.  Results of the analyses for borings in the embankment exceed the minimum 
1.20 factor of safety required in the CCR Rule (Section 257.73(e)(1)(iv)).  
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ATTACHMENT 1 

 

FSL SPREADSHEETS 
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FirstEnergy

Pleasants Power Station

McElroy's Run CCR Impoundment

Liquefaction Analysis

C150917.01.003.003

By: TIM 06/16/16

Checked by: KRH 06/17/16

BORING CP-9

G.S. Elev. = 875.0 W.T. Elev. = 743.7 Bottom of CCR Elev. = 705.0 Fines Content = 91 Based on composite sample (CP-9,11,12,13,14) Atmospheric Pressure 100 kPa

γoverburden = 113.1 (pcf) Top of CCR Elev. = 900.0 Relative Density= 35% 1.04 tsf

γsat = 118.1 (pcf) Est. EQ Mag 6.1 f= 0.8

γCCR = 113.1 Eq. (9)
(1)

Eq. (8)
(1)

Eq. (6)
(1)

Eq. (7)
(1)

Eq. (5)
(1)

Eq. (2)
(1)

Eq. (1)
(1)

Eq. (4)
(1)

Eq. (24)
(1)

Eq. (31)
(1)

Eq. (30)
(1)

Test 

Depth (m)

Test Depth 

(ft)
N CE CB CS CR N60

Test Elev. 

(ft MSL)

Existing

σ'vo (tsf)
CN

Design

σvo (tsf)

Design

σvo' (tsf)
(N1)60 α β (N1)60cs rd amax CSR CRR7.5 MSF Kσ Kα CRR FSL

0.5 1.5 6 0.7 1.0 1.0 0.75 3 873.5 0.08 1.70 1.50 1.50 5 5 1.2 11 1.00 0.1 0.065 0.12 1.7 0.93 1.00 0.11 -

2.0 6.5 2 0.7 1.0 1.0 0.75 1 868.5 0.37 1.68 1.78 1.78 2 5 1.2 7 0.98 0.1 0.064 0.09 1.7 0.90 1.00 0.08 -

3.5 11.5 3 0.7 1.0 1.0 0.80 2 863.5 0.65 1.26 2.06 2.06 3 5 1.2 9 0.97 0.1 0.063 0.10 1.7 0.87 1.00 0.09 -

5.0 16.5 4 0.7 1.0 1.0 0.85 2 858.5 0.93 1.06 2.35 2.35 2 5 1.2 7 0.96 0.1 0.062 0.09 1.7 0.85 1.00 0.08 -

6.6 21.5 2 0.7 1.0 1.0 0.95 1 853.5 1.22 0.92 2.63 2.63 1 5 1.2 6 0.95 0.1 0.062 0.08 1.7 0.83 1.00 0.07 -

8.1 26.5 2 0.7 1.0 1.0 0.95 1 848.5 1.50 0.83 2.91 2.91 1 5 1.2 6 0.94 0.1 0.061 0.08 1.7 0.81 1.00 0.06 -

9.6 31.5 21 0.7 1.0 1.0 0.95 14 843.5 1.78 0.76 3.20 3.20 11 5 1.2 18 0.92 0.1 0.060 0.19 1.7 0.80 1.00 0.15 -

11.1 36.5 22 0.7 1.0 1.0 1.00 15 838.5 2.06 0.71 3.48 3.48 11 5 1.2 18 0.88 0.1 0.057 0.19 1.7 0.79 1.00 0.15 -

12.6 41.5 11 0.7 1.0 1.0 1.00 8 833.5 2.35 0.67 3.76 3.76 5 5 1.2 11 0.84 0.1 0.055 0.12 1.7 0.77 1.00 0.09 -

14.2 46.5 18 0.7 1.0 1.0 1.00 13 828.5 2.63 0.63 4.04 4.04 8 5 1.2 15 0.79 0.1 0.051 0.16 1.7 0.76 1.00 0.12 -

15.7 51.5 7 0.7 1.0 1.0 1.00 5 823.5 2.91 0.60 4.33 4.33 3 5 1.2 9 0.75 0.1 0.049 0.10 1.7 0.75 1.00 0.08 -

17.2 56.5 22 0.7 1.0 1.0 1.00 15 818.5 3.20 0.57 4.61 4.61 9 5 1.2 16 0.71 0.1 0.046 0.17 1.7 0.74 1.00 0.13 -

18.7 61.5 54 0.7 1.0 1.0 1.00 38 813.5 3.48 0.55 4.89 4.89 21 5 1.2 30 0.67 0.1 0.044 0.47 1.7 0.73 1.00 0.34 -

20.3 66.5 17 0.7 1.0 1.0 1.00 12 808.5 3.76 0.53 5.17 5.17 6 5 1.2 12 0.63 0.1 0.041 0.13 1.7 0.73 1.00 0.09 -

21.8 71.5 47 0.7 1.0 1.0 1.00 33 803.5 4.04 0.51 5.46 5.46 17 5 1.2 30 0.59 0.1 0.038 0.47 1.7 0.72 1.00 0.34 -

23.3 76.5 83 0.7 1.0 1.0 1.00 58 798.5 4.33 0.49 5.74 5.74 28 5 1.2 30 0.56 0.1 0.036 0.47 1.7 0.71 1.00 0.33 -

24.8 81.5 31 0.7 1.0 1.0 1.00 22 793.5 4.61 0.47 6.02 6.02 10 5 1.2 17 0.54 0.1 0.035 0.18 1.7 0.70 1.00 0.13 -

26.4 86.5 23 0.7 1.0 1.0 1.00 16 788.5 4.89 0.46 6.31 6.31 7 5 1.2 13 0.53 0.1 0.034 0.14 1.7 0.70 1.00 0.10 -

27.8 91.3 93 0.7 1.0 1.0 1.00 65 783.7 5.16 0.45 6.58 6.58 29 5 1.2 30 0.52 0.1 0.034 0.47 1.7 0.69 1.00 0.32 -

29.4 96.5 91 0.7 1.0 1.0 1.00 64 778.5 5.46 0.44 6.87 6.87 28 5 1.2 30 0.51 0.1 0.033 0.47 1.7 0.69 1.00 0.32 -

30.9 101.5 80 0.7 1.0 1.0 1.00 56 773.5 5.74 0.43 7.15 7.15 24 5 1.2 30 0.50 0.1 0.033 0.47 1.7 0.68 1.00 0.32 -

32.3 105.9 73 0.7 1.0 1.0 1.00 51 769.1 5.99 0.42 7.40 7.40 21 5 1.2 30 0.49 0.1 0.032 0.47 1.7 0.68 1.00 0.32 -

34.0 111.5 37 0.7 1.0 1.0 1.00 26 763.5 6.31 0.41 7.72 7.72 11 5 1.2 18 0.48 0.1 0.031 0.19 1.7 0.67 1.00 0.13 -

35.4 116.3 82 0.7 1.0 1.0 1.00 57 758.7 6.58 0.40 7.99 7.99 23 5 1.2 30 0.47 0.1 0.031 0.47 1.7 0.67 1.00 0.31 -

37.0 121.5 86 0.7 1.0 1.0 1.00 60 753.5 6.87 0.39 8.28 8.28 23 5 1.2 30 0.47 0.1 0.031 0.47 1.7 0.66 1.00 0.31 -

38.6 126.5 72 0.7 1.0 1.0 1.00 50 748.5 7.15 0.38 8.57 8.57 19 5 1.2 30 0.46 0.1 0.030 0.47 1.7 0.66 1.00 0.31 -

40.1 131.5 50 0.7 1.0 1.0 1.00 35 743.5 7.43 0.37 8.85 8.84 13 5 1.2 21 0.46 0.1 0.030 0.23 1.7 0.65 1.00 0.15 8.50

41.6 136.5 79 0.7 1.0 1.0 1.00 55 738.5 7.57 0.37 9.15 8.98 20 5 1.2 29 0.45 0.1 0.030 0.41 1.7 0.65 1.00 0.27 15.30

43.1 141.5 81 0.7 1.0 1.0 1.00 57 733.5 7.71 0.37 9.44 9.12 21 5 1.2 30 0.44 0.1 0.030 0.47 1.7 0.65 1.00 0.31 17.57

44.7 146.5 70 0.7 1.0 1.0 1.00 49 728.5 7.85 0.36 9.74 9.26 18 5 1.2 27 0.44 0.1 0.030 0.34 1.7 0.65 1.00 0.22 12.47

46.2 151.5 75 0.7 1.0 1.0 1.00 53 723.5 7.99 0.36 10.03 9.40 19 5 1.2 28 0.43 0.1 0.030 0.37 1.7 0.64 1.00 0.24 13.60

47.7 156.5 63 0.7 1.0 1.0 1.00 44 718.5 8.13 0.36 10.33 9.54 16 5 1.2 24 0.43 0.1 0.030 0.27 1.7 0.64 1.00 0.17 9.63

49.2 161.5 64 0.7 1.0 1.0 1.00 45 713.5 8.27 0.35 10.62 9.68 16 5 1.2 24 0.43 0.1 0.031 0.27 1.7 0.64 1.00 0.17 9.32

50.7 166.5 66 0.7 1.0 1.0 1.00 46 708.5 8.41 0.35 10.92 9.82 16 5 1.2 24 0.42 0.1 0.030 0.27 1.7 0.64 1.00 0.17 9.63

51.7 169.5 70 0.7 1.0 1.0 1.00 49 705.5 8.49 0.35 11.09 9.90 17 5 1.2 25 0.42 0.1 0.031 0.29 1.7 0.64 1.00 0.19 10.42

If the water table was not present in a layer, then FSL was not calculated.

Notes: σ'vo
Vertical Effective Stress (tons/ft

2
) FSmin 8.50

(N1)60 Standardized and Normalized SPT blow counts (blows/foot)

rd Stress Reduction Factor (dimensionless)

amax Peak horizontal ground surface acceleration (in g)

CSR Cyclic stress ratio based on design earthquake (dimensionless)

CRR7.5 Cyclic resistance ratio based on an earthquake of magnitude 7.5 (dimensionless)

MSF Magnitude scaling factor (dimensionless)

Kσ High overburden stress correction factor (dimensionless)

Kα Ground slope correction factor (dimensionless) [advised not to be used by reference]

CRR Corrected cyclic resistance ratio based on overburden pressure and ground surface slope (dimensionless) = CRR7.5 * Kσ * Kα

FSL Factor of safety against liquefaction (dimensionless)

References:

(2) MSHA Manual on Coal Waste Embankments, Chapter 7 Seismic Design: Stability and Deformation Analyses, May 2009

Table 2
(1)

(1) Liquefaction Resistance of Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction 

Resistance of Soils, 2001
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