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1.0 INTRODUCTION 
On April 17, 2015, the United States Environmental Protection Agency (EPA) issued the Coal Combustion Residual 
(CCR) Resource Conservation and Recovery Act (RCRA) Rule (40 CFR 257 Subpart D) (“CCR RCRA Rule”) to 
regulate the beneficial use and disposal of CCR materials generated at coal-fired electrical power generating 
complexes.  In accordance with the CCR RCRA Rule, any CCR surface impoundment or CCR landfill that was 
actively receiving CCRs on the effective date of the CCR RCRA Rule (October 19, 2015) was deemed to be an 
“Existing CCR Unit” on that date and subject to self-implementing compliance standards and schedules.  Consumers 
Energy identified two CCR surface impoundments at the JR Whiting Generating Facility (JR Whiting) located in Erie, 
Michigan:

Ponds 1 & 2 (Existing CCR surface impoundment)

Pond 6 (Inactive CCR surface impoundment)

The CCR RCRA Rule requires that existing CCR surface impoundments meeting the requirements of Section 
257.73(b) conduct a safety factor assessment in accordance with Section 257.73(e). This report provides the safety 
factor assessment for Ponds 1 & 2.

2.0 SITE DESCRIPTION AND BACKGROUND 
JR Whiting is a coal-fired power generation facility located in Erie, Michigan as presented on Figure 1 – Site Location 
Map.  JR Whiting formerly operated coal-burning baseload units but ceased electrical generation on April 15, 2016.  
Ponds 1 & 2 as presented in Figure 2 – General Site Plan, served two primary functions:

Received outflow of bottom ash for primary detention and settlement 

Received intermittent sluiced fly ash and low-volume wastewater from the generating facility for detention 
and settlement.

The two ponds comprising the CCR surface impoundment are no longer receiving CCRs from an active power 
generating plant but are managing stormwater run-on (non-CCR wastewater) per the Site National Pollutant 
Discharge Elimination System (NPDES) Permit.  The pond system is underlain by clay soils and contained by a 
perimeter dike which has, generally, a 20-foot wide crest and a crest elevation of about 590.1 (NAVD88). The 
perimeter dikes are designed and constructed of native materials and coal ash utilized as fill.  The crest of the dike 
structure is graded to allow flow of stormwater from the crest into the ponds. The elevation of water in Ponds 1 & 2 is 
about 584 ft. (NAVD88).  

Hydraulically, Ponds 1 & 2are interconnected by a subsurface pipe. Any discharge from Ponds 1 & 2 is combined in 
Pond 1 and routed through permitted National Pollutant Discharge Elimination System (NPDES) Outfall 001B into the 
forebay. This discharge pipe was grouted on May 24, 2016.

Based on previous investigations including borings completed along the perimeter dike and within the ponds, the site 
is underlain by layers of soft to medium clay underlain by layers of stiff to hard clay.

A hazard potential classification was conducted for Ponds 1 & 2 pursuant to Section 257.73(a) (2), which resulted in 
a significant hazard classification.  As a result of the hazard classification potential, the 1000-year flood elevation was 
used in the models to prepare this report.
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3.0 PREVIOUS SAFETY FACTOR ASSESSMENTS 
Several investigations, assessments and inspections were completed to assess the structural stability of Ponds 1 &
2. A list of documents related to Ponds 1 & 2 that were reviewed for the structural stability assessment is provided in 
Table 1. Based on our review, there is no evidence of structural deficiencies at Ponds 1 & 2. A brief summary of the 
previous assessments is provided below.

In 2009, a dike inspection and a potential mode failure analysis (PMFA) were completed for Ponds 1 & 2.  The 
inspection and the PMFA provided operational and maintenance recommendations and recommended the 
completion of additional stability analysis. As a follow up to these recommendations, CEC developed a Surveillance 
Monitoring Program (SMP) and contracted NTH Consultants to complete additional stability evaluations. The results 
of these evaluations indicated that the existing slopes have adequate factor of safety. In 2012, 2014, and 2015 dike 
assessments were completed by AECOM, Barr Engineering, and Golder Associates, respectively. These 
assessments provided additional maintenance and operational recommendations regarding erosion, vegetation, 
animal burrows and the potential for seepage along the west slope of Pond 2, among others. Following these 
assessments, CEC updated the SMP.  None of these studies identified any structural deficiencies that will require 
immediate action or repair.    

TABLE 1
SUMMARY OF BACKGROUND DOCUMENT REVIEW

No DOCUMENT DATE AUTHOR

1 J. R. Whiting Ponds 1 and 2 - Annual RCRA CCR Surface 
Impoundment Inspection Report 10/2016 The Mannik & Smith Group, Inc.

2 J. R. Whiting Ponds 1 and 2 - Annual RCRA CCR Surface 
Impoundment Inspection Report 01/2016 Golder Associates, Inc.

3 Fossil Fuel Generation, Solid Waste Disposal Area -
Surveillance Monitoring Programs (SMPs) 

12/2010,
Revised 2015 Consumers Energy Company

4 J.R. Whiting Ash Disposal Area Triennial Ash Dike 
Assessment Report – Spring 2014 December 2014 Barr Engineering Company 

5 J.R. Whiting Ash Disposal Area, 2012 Ash Dike Risk 
Assessment Final Inspection Report July 2012 AECOM Technical Services, Inc. 

6 Dam Safety Assessment of CCW Impoundments J.R. 
Whiting Plant June 2011 USEPA, O’Brien and Gere 

Engineers, Inc. 

7 Slope Stability Analysis, Ponds 1,2 and 6, J.R. Whiting Ash 
Disposal Facility 11/2011 NTH Consultants

8 J.R. Whiting Generating Facility Ash Dike Risk Assessment, 
Inspection Report December 2009 AECOM Technical Services, Inc. 

9 J.R. Whiting Generating Facility Ash Dike Risk Assessment, 
Potential Failure Mode Analysis (PFMA) Report December 2009 AECOM Technical Services, Inc. 
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4.0 SAFETY FACTOR ASSESSMENT  
According to Section 257.73(e)(1) of the CCR RCRA Rule, periodic safety factor assessments must be conducted for 
each CCR unit.  The safety factor assessment must document the calculated factor of safety for the dike slopes 
under the following loading scenarios:

1. Maximum Pool Storage - Section 257.73(e)(1)(i) – Defined as the long-term, maximum storage pool (or 
operating) elevation. For this case, we assumed the worst case scenario with the water elevation at the 
top of the perimeter dike elevation. Static factor of safety for this case must equal or exceed 1.50.

2. Maximum Pool Surcharge - Section 257.73(e)(1)(ii) – Defined as the temporary raised pond level above 
the maximum pool storage elevation due to an inflow design flood.  Static factor of safety for this case must 
equal or exceed 1.40.

3. Seismic Loading Conditions - Section 257.73(e)(1)(iii) – Seismic factor of safety must equal or exceed 
1.00.

4. Liquefaction Potential - Section 257.73(e)(1)(iv) – Portion of the exterior dikes are built using fly ash and 
bottom ash, which are susceptible to liquefaction. Factor of safety must equal or exceed 1.20.

The following sections provide details on the factor of safety assessment and methods used to calculate the slope 
factor of safety and results of the analysis.

4.1 Slope Stability Analysis
Slope stability analyses were performed to evaluate the slope factor of safety for each of the maximum pool storage, 
maximum pool surcharge, and seismic loading scenarios.  In the Preamble to Sections 257 and 261 of the CCR 
RCRA Rule General Safety Factor Assessment Considerations [VI (E)(3)(b)(ii)(a)], limit equilibrium methods are 
identified as conventional analysis procedures for calculating the factor of safety and specific common methods are 
identified, including the Modified Bishop and Spencer method of slices, which was used for this stability analysis.  

4.2 Cross-Sections Analyzed
A critical cross section developed during the investigation completed by NTH Consultants and reported in “Slope 
Stability Analyses Coal Ash Storage Ponds 1, 2, & 6 J.R. Whiting Ash Disposal Facility”, dated November 23, 2011
was used for this evaluation. The cross section was modified to reflect new information about the depth of ash in 
ponds 1 & 2 collected during the investigation completed by Golder in 2015. The locations of the critical section (A-A)
is shown on Figure 2 – Location Map.

In general, slopes are relatively shallow and relatively flat. The downstream slope of the dike is less than 20 feet 
deep and slopes at about 2.5 horizontal to one vertical. 

4.3 Geotechnical Material Properties
Geotechnical material properties developed by NTH during their 2011 investigation were used. Based on review and 
knowledge of site conditions, there was concurrence that these parameters are appropriate for this project. A 
summary of the geotechnical material properties is shown in the table below.
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TABLE 4.1
SUMMARY OF GEOTECHNICAL MATERIAL PROPERTIES

Layer Description
Unit 

Weight
(pcf)

Long Term Short Term
Cohesion

(psf)
Friction Angle

(Degree)
Cohesion

(psf)
Friction Angle

(Degree)

V. Loose to Loose Fly Ash 103 0 35 0 35
Sluiced Fly Ash 80 0 28 0 28
Soft to Medium Clay 121 0 28 400 0
Stiff to Very Stiff Clay 127 0 30 2400 0
Stiff Clay 140 0 33 1500 0
Very Stiff Clay 137 0 31 3500 0

4.4 Pond Elevations 
The flood control system evaluation indicated that the ponds will not become filled with water during a 1,000 year 
storm and through the planned closure in 2018. Therefore, for the purpose of the evaluation, to be conservative, it 
was assumed that the water level in the ponds will reach its crest (i.e. Elevation 590).  This was used for both the 
maximum pool storage and the maximum pool surcharge. The phreatic surface for the maximum surcharge scenario 
was then estimated using steady state seepage, assuming the pond elevation remained elevated but the exterior 
water elevation in Lake Erie receded back to its ordinary elevation. 

4.5 Vehicle Loading
The crest of the embankment is periodically used by maintenance vehicles as access roads around Ponds 1 & 2;
therefore, a vehicle load was applied to the critical cross-section to model the loading effects of vehicle traffic.  The 
vehicle load was modeled as a line load of 300 pounds per square foot (psf) extending across the top of the dike.
This surcharge load corresponds to truck traffic based on the American Association of State Highway and 
Transportation Officials (AASHTO) recommended loading for truck loads acting parallel to the embankment wall 
equivalent to approximately two times the unit weight of embankment fill (AASHTO 2012).

4.6 Seismic Loading Conditions
Factors of safety for stability under seismic conditions were calculated using the pseudo-static method. The peak 
ground acceleration (PGA) based on the 2014 United States Geological Survey (USGS) seismic hazard maps with a 
two percent probability of exceedance in 50 years (2,475-year return period) is 0.05g.

4.7 Stability Analysis Results
Slope stability analyses were performed for long-term static conditions under maximum storage and maximum 
surcharge scenarios as well as seismic.  The results of the slope stability analyses cases are presented in Table 4.2 
and critical failure surface result outputs are contained in Appendix A. The results indicate that the pond exterior 
slopes meet or exceed the required safety factors under considered loading scenarios.
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TABLE 4.2
SUMMARY OF SAFETY FACTOR

Case Condition Required
Safety Factor

Calculated Safety 
Factor

Maximum Pool with surcharge
Static 1.50 1.76

Seismic 1.00 1.54

Maximum Pool Surcharge
Static 1.40 1.76

Seismic 1.00 1.54

Liquefaction 1.20 1.31

As shown, the slip surfaces with the minimum factor of safety do not cross the actual impoundment. This is due to the 
shallow downstream slopes. 

4.8 Liquefaction Potential Assessment
Embankment and foundation soils were screened for seismically-induced liquefaction susceptibility using methods 
recommended by the National Center for Earthquake Research (NCEER) and presented in a paper by Youd and 
Idriss (2001). The calculated factor of safety against seismically-triggered liquefaction is greater than 1.2 throughout 
the depth of CCR for the considered earthquake loading as shown in the calculations included in Appendix B.

5.0 CONCLUSIONS 
Based on the results of the safety factor assessment, the calculated factors of safety through the critical cross section 
in the Ponds 1&2 surface impoundment meet or exceed the minimum values listed in Section 257.73(e)(1)(i)-(iv).

6.0 REFERENCE 
Youd, T. L. and Idriss, I. M. (2001), “Liquefaction Resistance of Soils: Summary From the 1996 NCEER and 1998 
NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of Soils.” Journal of Geotechnical and 
Geoenvironmental Engineering, April 2001, pp 297-313.
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RESULTS OF SLOPE STABILITY EVALUATIONS
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APPENDIX B
LIQUEFACTION POTENTIAL CALCULATIONS
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1.0         LIQUEFACTION ANALYSIS

The CCR RCRA Rule requires that existing CCR surface impoundments must have a calculated safety 
factor for dikes constructed of soils that have a susceptibility to liquefaction equal to or greater than 1.20.  
JR  Whiting Ponds 1&2 was evaluated and retained for further consideration due to the presence of a 
saturated fly ash layer within the perimeter dike strata.    This layer was observed in lithology descriptions 
presented in “Slope Stability Analyses Coal Ash Storage Ponds 1, 2, & 6 J.R. Whiting Ash Disposal 
Facility”, dated November 23, 2011. 

Liquefaction is defined as the sudden loss of soil strength resulting from the increase in pore pressure. 
The increased pore water pressure is due to volumetric strains caused by cyclic stresses commonly 
associated with seismic events.  The CCR RCRA Rule defines Liquefaction factor of safety as, “the factor 
of safety (safety factor) determined using analysis under liquefaction conditions (40 CFR 257.53).  The 
preamble of the CCR RCRA Rule notes that liquefaction is a phenomenon which typically occurs in loose, 
saturated or partially-saturated soils in which the effective stress of the soils reduces to zero, corresponding 
to a total loss of shear strength of the soil.  Additionally, it notes that the most common occurrence of 
liquefaction is in loose soils, typically sand. 

The liquefaction analysis evaluates the in-situ soils susceptibility to liquefaction during these events. This 
evaluation  has been completed in accordance with the referenced liquefaction analysis :  “Liquefaction  
Resistance of  Soils: Summary Report from the 1996 NCEER and 1998 NCEER/NSF Workshops on 
Evaluation of Liquefaction Resistance of Soils” prepared by T.L. Youd and I. M. Idriss from the CCR 
RCRA Preamble pp. 21317 from FR Vol. 80, No. 74, Friday April 17, 2015.  

2.0         LIQUEFACTION SCREENING

Liquefaction screening criteria consists of evaluating the following aspects of the soil material: 
Geologic age and origin, 
Fines content and plasticity, 
Saturation, depth below ground surface, and 
Soil penetration resistance. 

If three or more of the above criteria indicate that liquefaction is not likely, then the potential for liquefaction can 
be dismissed. Otherwise, a more rigorous analysis of the liquefaction potential is required. The following 
are evaluations of the screening criteria: 

1. Geologic age and origin.  If a soil layer is a fluvial, lacustrine or aeolian deposit of Holocene age, a 
greater  potential for liquefaction exists than for till, residual deposits, or older deposits. 

The underlying native soil at JR Whiting Ponds 1&2 is homogenetic in nature and was deposited recently – 
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before the Holocene age. Thus, this criterion indicates a greater potential for soil liquefaction. 

2. Fines content and plasticity.   Liquefaction potential in a soil layer increases with decreasing fines 
content and plasticity of the soil.  Cohesionless soils having less than 15 percent (by weight) finer than 
0.005 mm, a liquid limit less than 35 percent, and in situ water content greater than 0.9 times the liquid 
limit may be susceptible to liquefaction (Seed and Idriss, 1982). 

The soil testing results for the fly ash strata in the perimeter dike were reviewed. The material exhibited much 
greater than 15% fines and an in-situ water of approximately 0.9 times the liquid limit. Conservatively, it is 
estimated that a discrete strata of fly ash would be characterized a cohesionless material without any benefit 
from potential cohesion from clay sources also noted within the construction of the perimeter dike system. 
This criterion indicates liquefaction of this material is likely. 

3. Saturation. Although low water content soils have been reported to liquefy, at least 80 to 85 percent saturation 
is utilized for this screening level evaluation.  Since the observed fly ash strata is at or near saturation 
condition, this criterion indicates a greater potential for soil liquefaction. 

4. Depth below ground surface. Liquefaction is generally not likely to occur more than 50 feet below the ground 
surface for the purposes of this screening level evaluation.  Since the observed fly ash strata is observed 
within the 50-ft threshold of ground surface, this criterion indicates a greater potential for soil liquefaction. 

5. Soil Penetration Distance. Seed et al, 1985, states that soil layers with a normalized Standard Penetration 
Test (SPT) blow count less than 22 have been known to liquefy.  Marcuson et al, 1990, suggests an SPT 
value of less than 30 as the threshold to use for suspecting liquefaction potential.  Liquefaction has also been 
shown to occur if the normalized Cone Penetration Test (CPT) cone resistance is less than 157 tsf. (SIbata 
and Taparaksa, 1988). 

The observed, SPT blow counts (N values) are less than 30 for the fly ash layer in the perimeter dike, 
averaging 3.7  for the unit.  This criterion indicates a greater potential for soil liquefaction.  Blow counts from 
borings TB-2 and TB-3 are as shown below: 

Boring Feet BGS 
Blow Counts Field 

(N) 

TB-2 

2.5 5.0 
5.0 10.0 
7.5 1.0 
10.0 1.0 
15.0 0.0 
19.0 3.0 

TB-3 

2.5 8.0 
5.0 5.0 
7.5 3.0 
10.0 3.0 
15.0 2.0 

      
  Average = 3.7 
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Through the above screening criteria, the potential of the fly ash material observed in the perimeter dike to liquefy 
under seismic conditions cannot be dismissed.  Therefore, a more rigorous analysis was completed for this layer and 
the Safety Factor for Liquefaction pursuant to 40 CFR 257.73(e)(4) was completed. 

3.0         LIQUEFACTION POTENTIAL ASSESSMENT

The liquefaction potential assessment conducted for the fly ash material used the procedures outlined in 
the Liquefaction Resistance of Soils: Summary Report From the 1996 NCEER and 1998 NCEER/NSF 
Workshops on Evaluation of Liquefaction Resistance of Soils document. This assessment used 
Standard Penetration Test (SPT) blow count data (N values) provided by NTH dated July 2011 
contained in Attachment A.   

As shown in the calculations, the factor of safety was calculated using the clean sand equivalent corrected 
N value (N60) for the lowest fly ash material observed, which was 5.  The clean sand equivalent corrected N 
value was then normalized (N1) 60.  For a conservative analysis, the lowest N value of the fly ash material 
was used, which was 0.   

4.0         CONCLUSION

Calculations of factors of safety against soil liquefaction are contained in Attachment B.  As shown on 
sheet 2 of 2 of the calculations, a c lean sand equ iva len t  corrected blow count of 5 yields a 
minimum factor of safety with regard to liquefaction of 1.31. A sensitivity analysis y i e l d s  a  m i n i m u m  
c l e a n  s a n d  e q u i v a l e n t  b l o w  c o u n t  of 4.4 (which equates to less than 0 N value for the fly ash) is 
necessary to achieve a minimum factor of safety with regard to liquefaction of 1.20.  

Therefore, liquefaction of the fly ash material in the perimeter dike in JR Whiting Ponds 1&2 with corrected 
blow counts of 0 and greater should not occur based on the anticipated seismic activity.  It should be noted 
that a corrected blow count for the fly ash material of 0 yields a clean sand equivalent corrected blow count 
of 5 and that blow counts (N values) less than 0 are unobtainable. 
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Objective:

Method:

Procedure:

2.  Evaluate stress reduction factor (rd) - See Figure 1 - Use average value.

Where: z = depth beneath ground surface in meters

Where: g = the acceleration of gravity
amax = peak ground surface acceleration

=

==> >35% fines

Minimum Corrected Fly Ash Zone (N60) value = 0 bpf
Use Equation 6c for FC greater than 35% 5.0
Use Equation 7c for FC greater than 35% 1.2

(N60)cs = 5.0 + 1.2*0
(N60)cs = 5.0

==>  >35% fines

Where: FS = CRR7.5/CSR

Whiting Ash Pond Material

Liquefaction Assessment

0.05 (USGS 2% probability in 50 years - 2008 map 
see attached)

4.  Calculate the clean sand equivalent N60 value - See Equations below:

5.  Calculate the capacity of the soil to resist liquefaction expressed as the cyclic 
resistance ratio (CRR7.5) - See Figure 2 

6.  Calculate the factor of safety against liquefaction (resisting force divided by 
driving force).

3.  Calculate the seismic demand on the soil layer expressed as the cyclic stress 
ratio (CSR).

Determine liquefaction potential at the Whiting Ash Pond. The factor of
safety against liquefaction shall not be less than 1.20.

Use step by step method outlined in the National Center for Earthquake
Engineering Research (NCEER) paper: Liquefaction Resistance of Soils:
Summary Report From The 1996 NCEER And 1998 NCEER/NSF
Workshops On Evaluation Of Liquefaction Resistance Of Soils.

1. Determine total vertical overburden stress ( ), effective vertical
overburden stress ( '), peak ground acceleration (amax), and normalized
SPT resistance. For internal slopes, assume no benefit from increase in
confining stress due to waste loads.

25.15.0

5.15.0

001210.0006205.005729.04177.0000.1
001753.004052.04113.0000.1
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zzzrd
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Calculations:

Assumptions and Input Parameters

Assumed Surface Elevation 590 ft  Assume fly ash is located at 0 to 18 feet beneath surface grades.
Assumed Phreatic Surf. Elev. 584 ft Assumed Atmospheric Pressure (Pa) 2100 psf
Avg Unit Wt of Insitu Soil ( s) 96 pcf* Clean Sand Equivalent: Blow Count for Fly Ash Zone (N60) 5 bpf

Magnitude 7.5 (See Sheet 1 procedure step 4 for clean sand equivalent)
Peak Ground Acceleration (amax) 0.057 g (given as %g sheet 3) This value is indicative of a loose sand

Factor of Safety calculation for internal slopes
Saturated 

Ash 
Elevation

Total Vert. 
Overburden 
Stress ( vo)

(ft) (psf) (ft) (m) CSR CRR7.5 MSF FS
590 0 0 0.00 #DIV/0! 1.00 #DIV/0! 0.11 1.00 #DIV/0!
589 96 1 0.30 1.00 1.00 0.037 0.10 1.00 2.78
588 192 2 0.61 1.00 1.00 0.037 0.10 1.00 2.71
587 288 3 0.91 1.00 1.00 0.037 0.10 1.00 2.64
586 384 4 1.22 1.00 1.00 0.037 0.10 1.00 2.58
585 480 5 1.52 1.00 1.00 0.037 0.09 1.00 2.52
584 576 6 1.83 1.00 1.00 0.037 0.09 1.00 2.47
583 672 7 2.13 1.10 1.00 0.041 0.09 1.00 2.23
582 768 8 2.44 1.19 1.00 0.044 0.09 1.00 2.04
581 864 9 2.74 1.28 1.00 0.047 0.09 1.00 1.90
580 960 10 3.05 1.35 0.99 0.050 0.09 1.00 1.78
579 1056 11 3.35 1.42 0.99 0.052 0.09 1.00 1.69
578 1152 12 3.66 1.48 0.99 0.055 0.09 1.00 1.61
577 1248 13 3.96 1.54 0.99 0.057 0.09 1.00 1.54
576 1344 14 4.27 1.59 0.99 0.058 0.09 1.00 1.48
575 1440 15 4.57 1.64 0.99 0.060 0.09 1.00 1.43
574 1536 16 4.88 1.68 0.99 0.062 0.09 1.00 1.38
573 1632 17 5.18 1.73 0.99 0.063 0.08 1.00 1.34
572 1728 18 5.49 1.76 0.99 0.065 0.08 1.00 1.31

*Assume dry density of 65 pcf at an average moisture content of 47%
Determine SPT resistiance required to decrease FS<1.2

Assumptions and Input Parameters

Assumed Surface Elevation 590 ft  Assume fly ash is located at 0 to 18 feet beneath surface grades.
Assumed Phreatic Surf. Elev. 584 ft Assumed Atmospheric Pressure (Pa) 2100 psf
Avg Unit Wt of Insitu Soil ( s) 96 pcf Clean Sand Equivalent: Blow Count for Fly Ash Zone (N60) 4.4 bpf

Peak Ground Acceleration (amax) 0.057 g

Factor of Safety calculation for internal slopes
Saturated 

Sand 
Elevation

Total Vert. 
Overburden 
Stress ( vo)

(ft) (psf) (ft) (m) CSR CRR7.5 MSF FS
590 0 0 0.00 #DIV/0! 1.00 #DIV/0! 0.10 1.00 #DIV/0!
589 96 1 0.30 1.00 1.00 0.037 0.09 1.00 2.53
588 192 2 0.61 1.00 1.00 0.037 0.09 1.00 2.47
587 288 3 0.91 1.00 1.00 0.037 0.09 1.00 2.42
586 384 4 1.22 1.00 1.00 0.037 0.09 1.00 2.37
585 480 5 1.52 1.00 1.00 0.037 0.09 1.00 2.32
584 576 6 1.83 1.00 1.00 0.037 0.08 1.00 2.28
583 672 7 2.13 1.10 1.00 0.041 0.08 1.00 2.05
582 768 8 2.44 1.19 1.00 0.044 0.08 1.00 1.88
581 864 9 2.74 1.28 1.00 0.047 0.08 1.00 1.75
580 960 10 3.05 1.35 0.99 0.050 0.08 1.00 1.65
579 1056 11 3.35 1.42 0.99 0.052 0.08 1.00 1.56
578 1152 12 3.66 1.48 0.99 0.055 0.08 1.00 1.48
577 1248 13 3.96 1.54 0.99 0.057 0.08 1.00 1.42
576 1344 14 4.27 1.59 0.99 0.058 0.08 1.00 1.37
575 1440 15 4.57 1.64 0.99 0.060 0.08 1.00 1.32
574 1536 16 4.88 1.68 0.99 0.062 0.08 1.00 1.28
573 1632 17 5.18 1.73 0.99 0.063 0.08 1.00 1.24
572 1728 18 5.49 1.76 0.99 0.065 0.08 1.00 1.21

9
(bpf)

Whiting Ash Pond Material

Liquefaction Assessment

Depth to
Sand (z)

Rep. Norm. Blow 
Count for Ash 

Zone (N1)60

677
710

9
9

Effective Vertical 
Overburden
Stress ( 'vo)

(psf)
0
96
192

Stress 
Ratio
( / ')

7
7

744

979

288
384
480
576
610
643

8
8
8
7
7
7

Stress 
Red.

Factor 
(rd)

Effective Vertical 
Overburden
Stress ( 'vo)

Depth to
Sand (z)

Stress 
Ratio
( / ')

Rep. Norm. Blow 
Count for Sand 

Zone (N1)60

Stress 
Red.

Factor 
(rd)(psf) (bpf)

7

7

288 7
384 7

610 6

0 8
96 8
192 7

979 6

677 6
710 6

778 6
811 6

778 7
811 7
845 7
878 7
912 7
946 7

744 6

480 7
576 7

643 6

946 6

845 6
878 6
912 6

Results of the liquefaction analysis show that a representative blow count (average) results in a minimum factor of safety of
approximately 1.3 to 2.78. As shown in the table, the factor of safety decreases with depth.
In addtion, the analysis shows that though there is limited blow count data for the fly ash zone, a clean sand equavalent SPT
blow count as low as 4.4 results in a factor of safety greater than 1.2 for the fly ash material. However when adjusting to the
clean sand curve, a blow count of 0 in the fines rich material becomes clean sand equivalent of 5, indicating liquefaction is
unlikely.
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Whiting Ash Pond

Location Lat. Long.

PGA

SEISMIC HAZARD: Hazard by Lat/Lon, 2008

Attachment 1: 2008 USGS Seismic Hazard Map

Whiting Ash Pond Material

Liquefaction Assessment

Whiting Ash 
Pond


