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STRUCTURAL STABILITY AND FACTOR OF SAFETY ASSESSMENT 
ASH SURGE BASIN AND BYPASS BASIN 

POWERTON STATION 
OCTOBER 2016 

 
This report presents documentation of the initial periodic structural stability and initial safety 
factor assessments for the Ash Surge Basin and Bypass Basins (the Basins) at the Powerton 
Station (Site) in Pekin, Illinois (Figure 1). This report addresses the initial structural stability and 
safety factor assessment requirements of the Coal Combustion Residuals (CCR) regulations, 
Code of Federal Regulations Title 40, Part 257, Subpart D (referred to as the CCR Rule). These 
regulations were published in the Federal Register on 17 April 2015 and became effective on 19 
October 2015. The Powerton Station is owned and operated by Midwest Generation, LLC 
(Midwest Generation). Based on the results provided in this report, the Ash Surge Basin and 
Bypass Basin meet the requirements of §257.73(d) and §257.73(e) of the CCR Rule. 

The work presented in this report was performed under the direction of Ms. Jane Soule, P.E., of 
Geosyntec Consultants Inc. (Geosyntec) in accordance with §257.73(d) and §257.73(e). 
Mr. Robert White reviewed this report in accordance with Geosyntec’s senior review policy. 

1. Regulation Requirements - §257.73  

Structural integrity criteria for existing CCR impoundments is described in §257.73 and includes 
structural stability and factor of safety assessments. The Ash Surge Basin and Bypass Basin meet 
the minimum size and capacity criteria under §257.73(b) and are subject to the structural stability 
and safety factor assessments required. 

2. Site Conditions 

The Ash Surge Basin is located east of the Main Wastewater Building, the cylindrical concrete 
clarifier and thickener structures, and the Metal Cleaning Basin, west of the inactive Limestone 
Basin, north of the Bypass Basin and East Roof and Yard Runoff (ERYR) Basin. The Ash Surge 
Basin is approximately 1,050 feet by 335 feet in plan dimensions (total plan area of 
approximately 8.1 acres). The surface impoundment is surrounded by a paved and a gravel 
perimeter access road around the western and eastern half of the impoundment, respectively. 

The Bypass Basin is located east of the ERYR Basin and south of the southeast corner of the Ash 
Surge Basin. The Bypass Basin is approximately 160 feet by 255 feet in plan dimensions (total 
plan area of approximately 0.9 acres). A gravel perimeter access road is located along the 
northern and eastern boundaries of the Bypass Basin. A concrete-lined dewatering bin overflow 
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channel is located along the crest of the berm between the Bypass Basin and the ERYR Basin. A 
temporary construction staging area is located south of the surface impoundment. 

The Ash Surge Basin and the Bypass Basin are both lined with a 60-mil high density 
polyethylene (HDPE) geomembrane. 

Based on available documentation and discussions with site personnel, the Basins, in their 
current configuration, were constructed in the late 1970s and early 1980s. A history of 
construction for the basins was prepared in accordance with §257.73(c) and describes the design 
of the basins and their construction (Geosyntec, 2016a). 

3. Structural Stability Assessment 

The following subsections address the components of §257.73(d)(1). 

3.1 Foundations and Abutments – §257.73(d)(1)(i)  

The Ash Surge Basin and the Bypass Basin consist of embankments on all sides. Because no 
formational materials provide lateral structural support for the embankments, the Basins do not 
include abutments. The remainder of this section addresses the foundation materials for the 
Basins. 

Previous subsurface investigations performed at the Site indicate foundation materials underlying 
the embankments for the Ash Surge Basin and Bypass Basin generally consists of approximately 
17 to 28 feet of fat and lean clay overlying approximately 35 to 40 feet of loose to very dense 
poorly graded sand and silty sand with some gravel associated with the Henry Formation 
(Geosyntec, 2016b).  

Elastic settlement of the clay and sand layers underlying the embankments likely occurred very 
soon after construction in the late 1970s and early 1980s. Because of the age of the embankments 
(approximately 35 years old), the majority of consolidation and secondary compression 
settlement of the clay layer has likely already occurred. The initial annual inspection performed 
for the Basins in accordance with §257.83(b) did not identify any adverse effects on the Basins 
or their appurtenant structures resulting from settlement that may have occurred since 
construction (Geosyntec, 2016c). There are no proposed changes in operation which would 
increase loading conditions on the foundation materials; therefore, no significant settlement of 
the foundation materials underlying the embankments is anticipated to occur in the future. 
Further, the embankments of the Basins were not constructed with abutments or separate 
engineered zones that would be most susceptible to the adverse effects of differential settlement. 
Therefore, potential settlement of the foundation is not anticipated to impact the integrity of the 
impoundment embankments. 
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A factor of safety against the triggering of liquefaction was calculated for saturated foundation 
materials underlying the Ash Surge Basin and Bypass Basin embankments. The factor of safety 
was calculated based methods outlined in Idriss and Boulanger (2008) using information 
obtained from field explorations, including borings, Cone Penetration Test (CPT) soundings, 
laboratory data (Geosyntec, 2016b) and seismic data (Geosyntec, 2016g). Overall, the foundation 
materials underlying the Ash Surge Basin and Bypass Basin have a low susceptibility to 
liquefaction and liquefaction-induced strength loss (Geosyntec, 2016d). 

3.2 Upstream Slope Protection – §257.73(d)(1)(ii)  

The Ash Surge Basin and Bypass Basin are lined with a 60-mil HDPE geomembrane that 
protects the interior basin slopes from erosion, the effects of wave action, and mitigates potential 
effects of rapid drawdown. 

3.3 Dike Compaction – §257.73(d)(1)(iii)  

Documentation of as-built construction conditions for the Ash Surge Basin and Bypass Basin 
embankments was not available at the time of this report. Samples of embankment fill materials 
obtained during Geosyntec’s geotechnical investigations at the Site indicate that the Ash Surge 
Basin embankments are compacted to relative densities on the order of 95 percent based on 
Standard Proctor testing (Geosyntec, 2016b). No quantitative evaluation of the degree of 
compaction of the embankments for the Bypass Basin was performed for the embankments in 
their current state. Slope stability analyses show that the embankments for the Ash Surge Basin 
and Bypass Basin are sufficient to withstand the range of loading conditions in the CCR units 
(Geosyntec, 2016e). 

3.4 Downstream Slope Vegetation – §257.73(d)(1)(iv)  

Downstream slopes of the Ash Surge Basin and Bypass Basin have erosion protection from 
either vegetation or geomembrane liners located on the interior slopes of adjacent basins. 

3.5 Spillway – §257.73(d)(1)(v)  

The Ash Surge Basin and the Bypass Basin both contain emergency spillway structures. 
A description of these structures and the design storm event identified for the Basins is included 
in the Inflow Design Flood Control System Plan (IDFCSP) prepared for the site in accordance 
with §257.82(c) (Geosyntec, 2016f). The IDFCSP identifies the design event for the Site as the 
1,000 year flood. Because the Ash Surge Basin and Bypass Basin do not impound water from a 
natural stream and do not impound stormwater flows, except for direct precipitation that falls on 
the embankment crest or within the Basins, the IDFCSP identifies the design event as the 
24-hour, 1,000-year precipitation event. When the operating freeboard for the Basins is taken 
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into account, the water levels in the Basins estimated after the design precipitation event are 
estimated to be lower than the invert elevations of the emergency spillways and no discharge 
from the Basins is anticipated (Geosyntec, 2016f). Therefore, the hydraulic capacity of the 
spillways was not calculated. 

3.6 Structural Integrity of Hydraulic Structures – §257.73(d)(1)(vi)  

Hydraulic structures passing through or beneath the embankments of the Bypass Basin and Ash 
Surge Basin consist of several pipes and conveyance structures associated with the inlet and 
outlet structures of the Basins. These structures and pipes were inspected periodically between 
10 May 2016 and 24 May 2016 by a company specializing in video camera pipe inspections. The 
inspected structures and pipes related to the Basins included are presented on Figure 2. The video 
inspections did not identify significant deterioration, deformation, distortion, bedding 
deficiencies, sedimentation, or debris that would negatively affect operation of the pipes was 
observed.  

3.7 Downstream Slopes Adjacent to Water Bodies – §257.73(d)(1)(vii)  

Ponds or water bodies near downstream slopes of the Ash Surge Basin and Bypass Basin are 
identified on Figure 3 and include: 

• The Metal Cleaning Basin located west of the Ash Surge Basin. This basin is lined with 
an HDPE geomembrane. 

• The ERYR Basin located west of the Bypass Basin and south of the Ash Surge Basin; 

• The inactive Limestone Basin located east of the Ash Surge Basin; and 

• The FAB located northeast of the Ash Surge Basin. 

For stability analyses performed, a “low pool” condition where the modeled groundwater depth 
is lowered so there is little or no stabilizing force present on the downstream slope of the Ash 
Surge Basin or Bypass Basin embankments was evaluated for the water bodies presented above 
(Geosyntec, 2016e). 

Stability during rapid drawdown was also evaluated for the embankments affected by the ERYR 
Basin and the FAB. Rapid drawdown was not evaluated for the embankments affected by the 
Metal Cleaning Basin because its HDPE geomembrane minimizes potential inundation of the 
slopes and mitigates effects of rapid drawdown. Similarly, embankments affected by the inactive 
Limestone Basin were not evaluated for rapid drawdown because the volume of water in this 
basin is anticipated to be minimal (inflow is limited to direct precipitation) and there is no outlet 
structure associated with this basin that could create a rapid drawdown condition for the adjacent  
Ash Surge Basin embankment. 
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Slope stability analyses show that the embankments are designed and constructed to maintain 
structural stability during “low pool” and rapid drawdown conditions (Geosyntec, 2016e). 

3.8 Structural Stability Assessment Deficiencies - §257.73(d)(2)  

No structural stability deficiencies associated with the Ash Surge Basin and Bypass Basin were 
identified in this initial structural stability assessment and no corrective measures are required.  

3.9 Annual Inspection Requirement - §257.83(b)(4)(ii)  

In accordance with §257.83(b)(4)(ii), submittal of this structural stability assessment precludes 
the requirement of an annual inspection under §257.83(b) for the Ash Surge Basin and Bypass 
Basin during the 2016 calendar year. One deficiency identified in the initial annual inspection 
(Geosyntec, 2016c) for the Bypass Basin was corrected as documented in the Notice of Remedy 
prepared in response to the initial annual inspection. 

4. Safety Factor Assessment 

This section describes the initial safety factor assessment for the Ash Surge Basin and Bypass 
Basin and the methodology used to perform the assessment in accordance with §257.73(e)(1). 
This assessment includes slope stability analyses of the critical embankment cross-section for 
each basin, shown in Figure 3.  

4.1 Slope Stability Methodology  

Limit equilibrium slope stability analyses were performed to evaluate the stability of the 
embankments for the Ash Surge Basin and Bypass Basin. The process involved performing two-
dimensional analyses on the critical cross-section for each basin using Spencer’s Method as 
coded in the computer program SLOPE/W (Version 8.15.4.11512, www.geoslope.com) which 
satisfies vertical and horizontal force equilibrium and moment equilibrium. For each cross 
section analyzed, the program searches for the sliding surface that produces the lowest factor of 
safety (FS). Factor of safety is defined as the ratio of the shear forces/moments resisting 
movement along a sliding surface to the forces/moments driving the instability.  

Subsurface stratigraphy, groundwater conditions, and engineering parameters for the 
embankment and foundation materials were developed based on previous subsurface 
investigations performed at the Site (Geosyntec, 2016b and Geosyntec, 2016e). 

4.2 Slope Stability Analyses  

Four cases were analyzed to satisfy the safety factor assessment requirements in §257.73(e) 
(Geosyntec, 2016e).  
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4.2.1 Static, Long-Term Maximum Storage Pool Loading – §257.73(e)(1)(i)  

Pursuant to §257.73(e)(1)(i) a static, long-term condition with the maximum operating pool 
loading on the embankments was evaluated. For the Ash Surge Basin and Bypass Basin, this 
condition included a pool elevation at 465 feet MSL1 for the Ash Surge Basin and 465.5 feet 
MSL for the Bypass Basin, and a groundwater elevation of 451.8 feet MSL (Geosyntec, 2016e).  

4.2.2 Static, Maximum Storage Pool Loading – §257.73(e)(1)(ii)  

The conditions for §257.73(e)(1)(ii) are identical to §257.73(e)(1)(i) with the exception of the 
pool elevation, which is set at the lowest points of the embankment crest (Geosyntec, 2016e). 

4.2.3 Seismic – §257.73(e)(1)(iii)  

Pursuant to §257.73(e)(1)(iii), a seismic condition for Ash Surge Basin and Bypass Basin was 
also analyzed. Seismic stability was evaluated with a pseudostatic analysis that uses constant 
horizontal accelerations to represent the effects of earthquake shaking. The horizontal 
accelerations are represented in SLOPE/W by a horizontal seismic coefficient. The horizontal 
seismic coefficient used for analysis was based on a peak ground acceleration with a 2 percent 
probability of exceedance in 50 years (Geosyntec, 2016g).  

4.2.4 Liquefaction – §257.73(e)(1)(iv)  

The majority of the embankment soils for the Ash Surge Basin and Bypass Basin are not 
considered susceptible to liquefaction because saturation of the embankment soils is unlikely 
based on the presence of a geomembrane liner system. Based on the design phreatic surface 
discussed in Geosyntec (2016b), a limited portion of the bottom of the embankments may 
become saturated from groundwater. Liquefaction triggering analyses of these saturated 
embankment soils show that liquefaction and associated post-liquefaction shear strength loss is 
unlikely for the seismic design event (Geosyntec, 2016d). Because the likelihood of liquefaction 
and associated shear strength loss of the embankment soils is very low, post-liquefaction 
conditions are represented by the static factor of safety analyses. 

4.3 Results 

The results of the slope stability analysis for the critical cross sections of the Ash Surge Basin 
and Bypass Basin embankments are summarized in Table 1 below and presented in Figures 4 
through 9 (Geosyntec 2016e). 

 
                                                 
1 Mean Sea Level based on local plant vertical datum. 
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Section 2 -  §257.73(e)(1)(i): Long Term, Maximum Storage Pool Loading FIGURE
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Section 2 -  §257.73(e)(1)(ii): Maximum Surcharge Pool Loading FIGURE
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Section 2  -  §257.73(e)(1)(iii): Long Term, Maximum Storage Pool Loading with Seismic (Undrained Conditions) FIGURE
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