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1.0 INTRODUCTION 

1.1 Purpose 
The Environmental Protection Agency’s (EPA’s) Coal Combustion Residual (CCR) Rule, 40 Code of 

Federal Regulations (CFR) Part 257, promulgated April 17, 2015 and effective October 19, 2015, requires  

that existing CCR surface impoundments meeting the requirements of §257.73(a) and §257.73(b) conduct 

initial and periodic: 

 Hazard potential classification assessments in accordance with §257.73(a)(2), 

 Structural stability assessments in accordance with §257.73(d), and 

 Safety factor assessments in accordance with §257.73(e). 

This report documents the hazard potential classification assessment, structural stability assessment, and 

safety factor assessment for Great River Energy’s (GRE’s) Stanton Station (SS) Bottom Ash CCR Surface 

Impoundment (Bottom Ash Impoundment). 

1.2 Site Background 
SS is located in Sections 16 and 21, Township 144N, Range 84W of Mercer County, approximately three 

miles southeast of Stanton, North Dakota. The Bottom Ash Impoundment is composed of three composite-

lined cells (north, south, and center cells). The north and south cells are active cells used to temporarily  

store and dewater bottom ash and the center cell functions as a retention cell. Bottom ash is sluiced into 

one of the active cells until the cell reaches capacity. Once capacity is reached, bottom ash deposition is 

directed to the other active cell and the filled cell is dewatered by decanting water through the outlet 

structure to the center cell. Bottom ash remaining in the filled cell is excavated and hauled to the adjacent  

Bottom Ash CCR Landfill for disposal.  

Materials permitted for deposition in the Bottom Ash Impoundment include hydraulically conveyed bottom 

ash, water from the plant storm water retention pond, water from the coal unloading pit sump, mineralizer 

reject water, boiler blowdown and overflow water, and water from miscellaneous plant drains. 

1.3 Geological Conditions 
Stanton Station is located in the Missouri Slope district of the glaciated Missouri Plateau of the Great Plains 

physiographic province (NDDH 2005). The Bottom Ash Impoundment is constructed in Missouri River 

alluvial deposits. The alluvial deposits have two distinct subunits: upper and lower. The upper subunit  

consists of a silty sand and clay and the lower subunit is an outwash sand and gravel (Barr 2010).  
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1.4 Dam Oversight/Permits 
The North Dakota State Engineer regulates, controls, and supervises the construction and operation of 

dams within the state of North Dakota. All dams and impoundments that contain more than 50 acre-feet of 

water require a construction permit (NDCC 2003). The Bottom Ash Impoundment was issued Construction 

Permit 918 in September 1994.  

The North Dakota Department of Health (NDDH) Division of Waste Management is the environmental 

regulatory body for the CCR facilities at SS. The three Bottom Ash Impoundment cells are permitted as a 

surface water impoundment under NDDH permit SP-043.  

1.5 Previous Evaluations 
The following evaluations were previously performed on the Bottom Ash Impoundments at SS: 

 Golder Associates Inc., Stability Evaluation of Bottom Ash Surface Impoundment Report,  
Great River Energy Stanton Station, dated May 16, 2011 (Golder 2011a) 

 Golder Associates Inc., Stability Evaluation of Bottom Ash Surface Impoundment 
Addendum Letter, Great River Energy Stanton Station, dated December 22, 2011 (Golder 
2011b) 

 Golder Associates Inc., Seismic Stability Evaluation Addendum to Stability Evaluation of 
Bottom Ash Surface Impoundment Addendum, Great River Energy Stanton Station, dated 
March 16, 2012 (Golder 2011b) 

 Kleinfelder, Coal Ash Impoundment Site Assessment Final Report, Stanton Station, 
October 26, 2012 (Kleinfelder 2012) 

In this study, we have reviewed the previous analyses, modified the analyses as deemed appropriate, and 

added suitable cases to evaluate whether the impoundment meets the required safety factors in 

§257.73(e)(1)(i)-(iv). 

2.0 HAZARD POTENTIAL CLASSIFICATION ASSESSMENT – §257.73(A)(2) 
The CCR rules require conducting initial and periodic hazard potential classification assessments by a 

qualified professional engineer to document the hazard potential classification of CCR surface 

impoundments and the basis for the classifications. Hazard potential classifications include the following 

listed in §257.73(a)(2): 

 High hazard potential CCR surface impoundment 

 Significant hazard potential CCR surface impoundment 

 Low hazard potential CCR surface impoundment 
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These hazard classifications are defined under §257.53 as: 

High hazard potential CCR surface impoundment – means a diked surface impoundment 
where failure or mis-operation will probably cause loss of human life. 

Significant hazard potential CCR surface impoundment – means a diked surface 
impoundment where failure or mis-operation results in no probable loss of human life, but can 
cause economic loss, environmental damage, disruption of lifeline facilities, or impact other 
concerns. 

Low hazard potential CCR surface impoundment – means a diked surface impoundment 
where failure or mis-operation results in no probable loss of human life and low economic  
and/or environmental losses. Losses are principally limited to the surface impoundment 
owner’s property. 

2.1 Hazard Potential Classification Assessment 
Based on the hazard classification definitions and review of the site and surroundings, Golder recommends 

the Bottom Ash Impoundment be categorized as a Low Hazard Potential CCR Surface Impoundment. 

This recommended designation is based on the following: 

 The impoundment volume is relatively small. 

 There are no residences or occupied structures directly adjacent to the facility and loss of 
human life is not probable. 

 Discharge of water or other materials contained within the impoundment cells is unlikely to 
have a significant environmental impact and is not likely to leave the owner’s property. 

 The economic impacts associated with a failure will primarily be to the owner’s property. A 
failure could potentially disrupt rail service that provides coal to the power generation 
facility. 

 An EPA consultant performed a site assessment of Stanton Station in 2011 under EPA 
supervision. Following the EPA dam hazard classification system, the Bottom Ash Surface 
Impoundment was given a “Less Than Low Hazard” classification (Kleinfelder 2012).  

2.2 Emergency Action Plan – §257.73(a)(3) 
The CCR rules require the development of an Emergency Action Plan (EAP) for a CCR unit determined to 

be either a high hazard potential CCR surface impoundment or a significant hazard potential CCR 

impoundment. The Bottom Ash Impoundment has been categorized as a low hazard potential CCR surface 

impoundment and no EAP is required. 

3.0 STRUCTURAL STABILITY ASSESSMENT – §257.73(D) 
The CCR rules (§257.73(d)(1)) require conducting initial and periodic structural stability assessments by a 

qualified professional engineer to “document whether the design, construction, operation, and maintenance 

of the CCR unit is consistent with recognized and generally accepted good engineering practices for the 

maximum volume of CCR and CCR wastewater that can be impounded therein.” 
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3.1 Foundation – §257.73(d)(1)(i) 
The foundation soils of the Bottom Ash Impoundment consist of native soils (silty sand and clay) and some 

clay fill. Geologic and hydrogeologic information about Stanton Station was first presented in the Reports  

of Soil Explorations for the Steam Generator Addition and for the Supplemental Steam Generator, prepared 

by the Soil Exploration Company and dated October 14, 1977 and May 10, 1978, respectively. 

The locations of the historic ash disposal ponds (i.e., Ash Ponds A, B, and C) and the closed special waste 

landfill were later characterized by Braun Intertec in the report titled Hydrogeological Assessment – Stanton 

Station Ash Ponds (Braun 1993). The Bottom Ash Impoundment is located within the historic limits of Ash 

Pond A. 

According to the Hydrogeological Assessment, the Stanton Station site is located in the Missouri Slope 

district of the glaciated Missouri Plateau section of the Great Plains physiographic province. The Bottom 

Ash Surface Impoundment is constructed in Missouri River alluvial deposits. The alluvial deposits have two 

distinct subunits: upper and lower. The upper subunit consists of a silty sand and clay and the lower subunit  

is an outwash sand and gravel (Barr 2011). The natural soils are described as predominantly silty sands 

(SM) with layers of fat clay (CH).  

Based on historic site information and observations, the Bottom Ash Impoundment is not built over wet ash 

or other unsuitable materials, and the foundation soils are stable. 

3.2 Slope Protection – §257.73(d)(1)(ii) 
The downstream slope of the Bottom Ash Impoundment embankments are protected from erosion and 

deterioration by the establishment of a vegetative cover consisting of native grasses. The vegetative cover 

is inspected weekly for erosion, signs of seepage, animal burrows, sloughing, and woody vegetation that 

could affect the performance of the embankments. Based on site experience and observations, the high-

density polyethylene (HDPE) liner on the upstream slopes and two feet of soil protective cover on the 

bottom of each cell provides sufficient protection from deterioration due to wave action.  

3.3 Dikes (Embankment) – §257.73(d)(1)(iii) 
The Bottom Ash Impoundment perimeter embankments and the two interior embankments have a top 

elevation of 1720 feet. The bottom elevation of the cells varies between 1700 and 1704 feet, based on 

original construction drawings. The perimeter embankments along the north, east, and south sides of the 

impoundment consist of an historic embankment to elevation 1715 feet, with an embankment extension to 

elevation 1720 feet constructed from 1994 through 1995. The west perimeter embankment and two interior 

embankments were constructed in 1994 and 1995. The upstream and downstream slopes of the 

embankments are 3H:1V.  
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Historic embankment fill properties are from test boring results from September 1993 (Stone & Webster 

1993). The historic embankment fill materials were classified as clean to silty sands (SP, SM) with some 

layers of lean to fat clays (CL, CH) and some silts (ML). Test borings were advanced through the historic 

embankment and laboratory analyses were performed on eight soil samples to determine dry density, 

moisture content, Atterberg Limits, specific gravity, and gradation. Dry unit weight values ranged from 104 

to 121 pounds per cubic foot (pcf) with moisture contents between 12% and 28% (Stone & Webster 1993).   

Additional embankment slopes were constructed from clayey soil from the Glenharold Mine site. 

Construction testing of the new embankment fill placed between 1994 and 1996 indicate that the material 

is predominantly fat clay (CH) with some lean clay (CL) (UPA 1996). In-Situ dry density of the constructed 

embankment ranged between 94 and 107 pcf with an average of 99 pcf. The in-situ moisture content of the 

constructed embankment ranged between 18% and 27% with an average of 23%. The moist unit weight  

from these averages is approximately 120 pcf.  

Standard Proctor testing of site soils during construction indicated maximum dry densities of between 91 

and 115 pcf, with optimum moisture contents of between 14% and 28% (UPA 1996). Based on this 

information, both historic and new embankment fill materials appear to have been compacted to densities 

sufficient for loading conditions expected at the impoundment cells.  

3.4 Vegetated Slopes – §257.73(d)(1)(iv) 
The Bottom Ash Impoundment is inspected weekly. As part of these inspections, unusual or woody 

vegetative growth on slopes with final cover and soil embankments is documented. Vegetated slopes of 

the bottom ash impoundment cells are re-seeded and mowed as required to maintain good vegetat ive 

growth and to limit woody vegetation from growing on the side slopes or near the toe of impoundments.  

3.5 Spillways – §257.73(d)(1)(v) 
There are no spillways associated with the Bottom Ash Impoundment. Existing controls are in place to 

monitor water levels in the Bottom Ash Impoundment and limit potential overtopping of the impoundment.  

Flow between cells is managed via weir discharge structures with removable stop logs, preventing the 

active cells from reaching water levels above elevation 1718 feet. A weir discharge structure with removable 

stop logs at the east end of the center cell is set so that the cell continuously decants water to a discharge 

pipe with a maximum water level set at approximately 1717.5 feet. The design crest of the soil 

embankments surrounding the Bottom Ash Impoundment are approximately 15 to 20 feet above 

surrounding topography (elevation 1720 feet), preventing stormwater run-on into the Bottom Ash 

Impoundment.  

Existing controls in place to monitor the water levels in the Bottom Ash Impoundment include weekly 

observations of water levels by SS personnel, and daily observations by SS operations personnel.  
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Additional observations are noted by GRE employees familiar with site CCR units. After large storm events ,  

SS personnel evaluate site conditions, including impoundment water levels, and are able to adjust 

operations to maintain water levels below design maximum elevations. Should water levels within the north 

or south cells reach the maximum design elevation (1718 feet), GRE has operating procedures to switch 

the piped inflows to another cell for short-term water management or adjust the level of water within the 

cells using the stop logs in the concrete weir structures.  

Bottom ash impoundment cells are operated with a minimum freeboard of between 2 feet and do not have 

substantial precipitation capture area beyond the cell footprint areas since they are designed above grade.  

Therefore, each bottom ash impoundment cell can adequately contain the precipitation associated with the 

24-hour, 100-year storm (4.95 inches) event (assuming 100% of precipitation is captured) with at least 

1.6 feet of additional capacity prior to overtopping. 

3.6 Hydraulic Structures – §257.73(d)(1)(vi) 
Hydraulically conveyed bottom ash and other water streams enter either the north cell or south cell of the 

Bottom Ash Impoundment via two polyvinyl chloride (PVC) pipes (Retention Pond Inlet Pipe and Coal Pit 

Sump Inlet Pipe) and two steel pipes (Bottom Ash Pipes) through the eastern embankment near the 

northeast corner of each cell.  

Water from the north cell is routed to the center cell via a concrete outfall structure and 36-inch diameter 

reinforced concrete pipe (RCP) through the interior embankment between the north cell and center cell 

(near the west end of the embankment). Water from the south cell is routed to the center cell via a concrete 

outfall structure and 36-inch diameter RCP through the interior embankment between the south cell and 

center cell (near the west end of the embankment). Water is discharged from the center cell via a concrete 

outfall structure and 18-inch diameter piping through the eastern embankment (approximately at the 

midpoint between the northeast and southeast corners of the center cell). 

No significant deterioration, deformation, distortion, bedding deficiencies, sedimentation, or debris were 

observed that may negatively affect the operation of the hydraulic structures. 

3.7 Downstream Slopes Adjacent to Water Body – §257.73(d)(1)(vii) 
There are no water bodies adjacent to the downstream slopes of the Bottom Ash Impoundment. The 

structural stability of the downstream slope is not impacted by the presence or sudden drawdown of this 

water.  

3.8 Structural Stability Deficiencies – §257.73(d)(2) 
No structural stability deficiencies were identified during this assessment. 
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4.0 SAFETY FACTOR ASSESSMENT – §257.73(E) 
The CCR rules require that safety factors need to be evaluated for the critical cross-section of each CCR 

facility under static and seismic loading for long-term maximum storage pool loading conditions and 

maximum surcharge pool loading conditions. Liquefaction potential analysis is only necessary when soil 

sampling, construction documentation, or anecdotal evidence from personnel with knowledge about the 

facility, indicates that soils of the embankment are susceptible to liquefaction.  

Slope stability analyses were performed using a limit-equilibrium-based commercial computer program, 

SLIDE v7.0 (Rocscience 2016). Factors of safety were computed for circular failure surfaces using 

Spencer’s method for force and moment equilibrium. Global stability was analyzed, which evaluates the 

overall stability of a cross section through the entire facility.  

4.1 Model Scenarios 
Two types of loading conditions for the stability analyses were performed: static and seismic (pseudostatic  

analyses). For each of the two loading conditions, the critical cross section was modeled. Two impoundment 

pool loading scenarios were considered to evaluate the slope: long-term maximum storage pool loading 

condition and maximum surcharge pool loading condition. Four stability scenarios were analyzed (two static 

loading scenarios and two pseudostatic loading scenarios).  

4.2 Slope Geometries 
A critical cross section for the Bottom Ash Impoundment was identified and used for the stability analyses. 

The critical cross section is anticipated to be the most susceptible to structural failure and was selected 

based on loading conditions, geometry of the slopes, and the soil profile. 

The critical cross section for the Bottom Ash Impoundment is located across the south embankment 

(Figure 1). The south embankment was surveyed in October 2014 (Interstate 2014) and has a crest at an 

elevation of 1720 feet, with 3H:1V downstream slopes to approximately 1700 feet (Figure 2).  

4.3 Material Properties 
Soil properties were calculated based on geotechnical materials testing performed on the soil samples 

collected during the installation of the piezometers P-1 and P-2 on October 4, 2011. Boring logs and lab 

analyses are provided in Appendix A. The piezometer borings were advanced from the embankment crest 

at elevation 1720 feet, through the base of the historic embankment. Soils were tested for moisture, density, 

grain-size distribution, and shear strength. The material properties for each soil type included in the static 

and pseudostatic stability analyses of the Bottom Ash Impoundment are provided in Table 1. Additional 

details regarding the development of these material properties can be found in subsequent sections. 

Results of the lab analyses used in the development of these material properties are provided in 

Appendix A. 
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Table 1 Material Properties 

Material 

Moisture/Density 

Shear Strength 

Static Pseudostatic 

γ dry ω  γ wet ω  (sat) γ sat φ’/ δ c’/a φ/ δ c/a 

pcf % pcf % pcf degrees psf degrees psf 

Historic Embankment Fill – Silt 112.0 11.0 124 19.0 133 30.0 100 14.0 630 
Natural Soil – Silt/Clay 104.0 - - 19.0 124 30.0 100 Sheer/Normal Fx 
New  Embankment Fill – Clay from Glenharold Mine 100.0 23.0 123 28.0 128 30.0 200 15.5 470 
Compacted Fill – Clay from Glenharold Mine 100.0 23.0 123 28.0 128 30.0 200 15.5 470 
Smooth HDPE/Clay NA NA NA NA NA 7.5 190 7.5 190 
Protective Cover – Clay from Glenharold Mine 100.0 23.0 123 28.0 128 30.0 200 15.5 470 

4.3.1 Static Material Properties 

4.3.1.1 Historic Embankment Fill 
Historic embankment fill properties were developed from soil samples collected from borings done for 

installation of the piezometers P-1 and P-2 drilled in October 2011 (see Appendix A). The historic 

embankment fill was classified as a silty sand (SM). Piezometer borings were advanced through the historic 

embankment and laboratory analyses were performed on three soil samples to determine dry density, five 

soil samples to determine moisture content, and two soil samples to determine plasticity and gradation. 

Calculated dry unit weight values were 108.8, 111.0, and 114.9 pounds per cubic foot (pcf) with moisture 

contents varying between 9.0% and 13.6%. The average dry unit weight of 112 pcf and the average 

moisture content of 11% are used in the stability analysis to account for the material variability in the historic 

embankment fill. This results in a moist unit weight of 124 pcf. 

The saturated unit weight was determined by applying the saturated moisture content of the silty sand from 

the natural soil. The natural soils were assumed to be saturated because the soil was observed near or 

below the water table. The saturated unit weight of the historic embankment fill is 133 pcf when using the 

saturated water content of 19% from the natural soil. 

The predominant soil in the embankment fill is silty sand (SM). A three-point triaxial shear test was 

performed to determine the effective stress shear strength parameters. An effective stress friction angle of 

30 degrees and an effective cohesion intercept of 100 pounds per square foot (psf) were selected for this 

analysis. 

4.3.1.2 Natural Soil 
The natural soils are predominantly silty sands (SM) with layers of fat clay (CH). The dry unit weight of the 

natural soil is 104 pcf based on the dry unit weight of a silty sand layer collected 22 feet below ground 
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surface (bgs) from the boring for Piezometer P-1 (see Appendix A). The moist unit weight of 124 pcf was 

determined by averaging the moisture content of five silty sand samples collected from the borings for 

piezometers P-1 and P-2. The average moisture content was calculated as 19%. 

The friction angle and cohesion were also based on the silty sand from the historic embankment fill 

described in Section 4.3.1.1. 

4.3.1.3 New Embankment Fill 
The new embankment was constructed from clayey soil from the Glenharold Mine site. The material is 

predominantly fat clay (CH). The dry density of the constructed embankment ranges between 94 and 108.8 pcf 

with an average of approximately 100 pcf. The moisture content of the constructed embankment ranges 

between 20.4% and 26% with an average of 23%. The calculated moist unit weight from these averages is 

approximately 123 pcf. 

The saturated unit weight of the new embankment fill is based on the saturated water content of the 

Glenharold Mine clay from hydraulic conductivity tests performed in 2014. Two soil samples of the 

Glenharold Mine clay had saturated moisture contents of approximately 28%. Based on this moisture 

content, the saturated unit weight is 128 pcf. 

Soil strength values are based on effective stress shear strength parameters determined from a three-point  

triaxial shear test performed on the clay collected from the new embankment fill in a Shelby tube in 2011.  

An effective stress friction angle of 30 degrees and an effective cohesion intercept of 200 psf were selected 

for this analysis. 

4.3.1.4 Compacted Fill 
The compacted fill was assumed to be taken from the Glenharold Mine site. Therefore, the compacted fill 

is assumed to be fat clay and has the same material properties as the new embankment fill material 

described above. 

4.3.1.5 Geomembrane 
Geomembrane interface inputs are based on Golder’s previous experience working with similar types of 

material and published values. The interfaces of interest are a smooth HDPE against compacted fill 

(Glenharold Mine clay) and smooth HDPE against bottom ash. The geomembrane/clay interface is more 

critical than the geomembrane/bottom ash interface; therefore, the geomembrane/clay interface was used 

in this stability analysis. Golder conservatively assumed an interface residual friction angle of 7.5 degrees 

and a residual adhesion intercept of approximately 190 psf for the stability analysis.  
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4.3.1.6 Protective Cover 
The protective cover was assumed to be fat clay taken from the Glenharold Mine site; therefore, it is 

assumed to have the same material properties as the new embankment fill. 

4.3.2 Pseudostatic Material Properties 
The material properties for each soil type included in the pseudostatic stability analysis of the Bottom Ash 

Impoundment are provided in Table 1 and were developed following the recommendations contained within 

Section 6.1 of RCRA Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities 

(EPA 1995). Fine-grained soils (historic embankment fill, natural soil, new embankment fill, compacted fill, 

and protective cover) were assigned strength parameters corresponding to 80% of the total stress 

(undrained) strength parameters. 

 The historic embankment fill was assigned strength parameters based on laboratory testing 
of the silty sand (SM) predominantly found in the fill. The reduction of the strength 
parameters to 80% of the total stress strength parameters resulted in cohesion intercept of 
630 psf and a friction angle of 14 degrees. 

 The natural soil was observed to contain clay, silt, and sand. Strength parameters for this 
material were based on laboratory testing of clay (CH) material collected from the site with 
the strength envelope intercepting at zero with zero confining pressure to conservatively  
model the effects of sand layers. A shear/normal function (with corresponding reduction to 
80% strength parameters) was used to describe the shear strength of the material and is 
shown below: 

Assumed Dynamic Strength Envelope 

Normal Stress 
(psf) 

Shear Strength 
(psf) 

0 0 
2,188 1,094 
14,400 2,879 

 The new embankment fill and compacted fill were assumed to have the same pseudostatic  
material properties. This clay material was assigned strength parameters based on 
laboratory testing of a fat clay (CH) sample collected from the site in 2011. The reduction 
of the strength parameters to 80% of the total stress strength parameters resulted in 
cohesion of 470 psf and a friction angle of 15.5 degrees. 

 The geomembrane interface strength parameters were not modified (from the static 
stability material properties) for the pseudostatic stability analyses based on 
recommendations contained within Section 6.1.2 of RCRA Subtitle D (258) Seismic Design 
Guidance for Municipal Solid Waste Landfill Facilities (EPA 1995).  

4.4 Impoundment Pool Loading Conditions 
Two different impoundment pool loading conditions were considered in these stability analyses: 

 Long-term maximum storage pool loading condition 

 Maximum surcharge pool loading condition 
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For the Bottom Ash Impoundment at SS, the impoundment pool elevation for the long-term maximum 

storage pool loading condition has been defined as the design maximum pool elevation for the facility, 

which is 1718 feet (2 feet of freeboard). The facility’s composite liner extends up to the embankment crest 

elevation at elevation 1720 feet. The impoundment pool elevation for the maximum surcharge pool loading 

condition has been defined as the maximum pool elevation for the facility, which is 1720 feet (zero feet  

freeboard). The likelihood of the Bottom Ash Impoundment pool elevation reaching an elevation of 1720 

feet or overtopping the embankment is very low, based on the following reasoning: 

 Primary inflows to the north and south cells of the facility are via pipelines from the plant, 
which include two bottom ash pipelines, the Retention Pond pipeline, and the Coal Pit 
Sump pipeline. These inflows are actively managed per the operations plan and can be 
shut off at any time.  

 Additional inflow may come from precipitation events. However, since the impoundment 
does not have a substantial contributing area upstream of the facility, the amount of water 
directed to the pond is not more than the precipitation event.  

 Outflow from each of the cells occurs through weir outfall structures and stop logs. If 
necessary, stop logs can be removed to lower water levels in the impoundment cells.  

The onsite operations plan discusses the operation and contingency plans associated with the Bottom Ash 

Impoundment cells (Stone & Webster 1994).  

4.5 Subsurface Water Conditions 
The three cells of the Bottom Ash Impoundment at SS are lined with composite geomembrane/clay liners. 

Based on recent readings from the piezometers and monitoring wells installed in the embankment (P-1, 

P-2, PZ-BA-B, and MW-100), groundwater elevations near the Bottom Ash Impoundment are below the 

base elevation of the embankments (approximate maximum elevation 1700 feet). Consequently, the 

embankments are not modeled to be hydraulically connected to surrounding groundwater.  

Readings from the piezometers and monitoring wells installed near the Bottom Ash Impoundment 

demonstrate that groundwater generally flows north under the facility toward the Missouri River and that 

groundwater elevations vary from approximately 1690 to 1700 feet under the facility. Based on these data, 

the stability analyses were performed with a groundwater elevation of approximately 1700 feet. 

4.6 Seismic Loading Conditions 
Stanton Station, located in central North Dakota, is in an area with low historic seismic activity. No 

earthquakes of Magnitude V (i.e., Moderate-Strong) or greater (Mercalli intensity scale) have occurred in 

North Dakota during historical times (USGS 2016).  
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4.6.1 Peak Ground Acceleration Determination 
For the site location, the peak (bedrock) ground acceleration (PGA) with a 2% probability of exceedance in 

50 years is between 0.02g (1g equals 32.2 ft/sec2) and 0.04g using the US Seismic Hazard 2014 Map 

(USGS 2014) and the US Seismic Hazard 2008 Map (USGS 2008); for purposes of this analysis, the 

bedrock PGA was estimated to be 0.03g (Appendix B). The peak ground acceleration at Stanton Station 

was estimated to be 0.05g using the simplified analysis guidelines presented in Section 4.1.1 of the RCRA 

Subtitle D (258) Seismic Design Guidance for Municipal Solid Waste Landfill Facilities (EPA 1995, see 

Appendix B).  

4.6.2 Horizontal Seismic Coefficient Determination 
The horizontal seismic load coefficient (ks), for use in the pseudostatic slope stability analysis, was 

determined using the procedures recommended in Section 6.2 of the RCRA Subtitle D (258) Seismic 

Design Guidance for Municipal Solid Waste Landfill Facilities (EPA 1995). Based on Step 2 of the Seismic 

Stability and Deformation and Analysis section of the guidance (Section 6.2), the maximum value of the 

horizontal seismic load coefficient may be safely determined as one-half of the peak ground acceleration 

(determined in Section 4.6.1). As a result, a horizontal seismic load coefficient of 0.025g (0.5 * 0.05g = 

0.025g) was used in the pseudostatic analysis. 

4.7 Liquefaction Potential 
Soil liquefaction describes a phenomenon in which a saturated or partially saturated soil substantially loses 

strength and stiffness in response to an applied stress, usually earthquake shaking or other sudden change 

in stress condition, causing it to behave like a liquid. The phenomenon is most often observed in saturated,  

loose (low density or uncompacted), sandy soils. The historic and new embankment soils of the Bottom 

Ash Impoundment are composed of silty/clayey materials with substantial fines. Soils immediately below 

the constructed embankments are also composed of soils with substantial fines. Based on these 

observations, the onsite soils are not anticipated to be susceptible to liquefaction.  

4.8 Stability Analysis Results 
Slope stability analyses were performed under static and pseudostatic conditions for the critical section 

(Figures 3 and 4). The results of the slope stability analyses are presented in Table 2. The results indicate 

that the Bottom Ash Impoundment slopes comply with the required safety factors per Section 257.73(e).  
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Table 2 Slope Stability Analyses Results 

Loading  
Condition Water Level 

Required  
Factor of Safety 

Calculated  
Factor of Safety 

Figure for  
Stability Analysis  
Results 

Static Max Storage 
(el. 1718 ft) 

1.50 2.31 3 

Max Surcharge 
(el. 1720 ft) 

1.40 2.31 3 

Pseudostatic Max Storage 
(el. 1718 ft) 

1.00 1.83 4 

Max Surcharge 
(el. 1720 ft) 

1.00 1.83 4 
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5.0 CERTIFICATION 
Based on the review of the information provided by GRE and on-site observations, we have classified the 

Stanton Station Bottom Ash CCR Surface Impoundment as a Low Hazard Potential CCR Surface 

Impoundment; additionally, no structural stability deficiencies were identified during this assessment. 

Calculated factors of safety through the critical cross sections in the surface impoundment embankments  

exceed the values listed in §257.73(e)(1)(i)-(iv). 

The undersigned attest to the completeness and accuracy of this hazard potential classification, structural 

stability assessment, and safety factor assessment, and certify that the assessments meet the requirements  

of 40 CFR 257.73(a)(2), 257.73(a)(3), 257.73(d), and 257.73(e) 

GOLDER ASSOCIATES INC. 

 

 

Todd Stong, PE Craig Schuettpelz, PE 
Associate and Senior Engineer Senior Project Engineer 

TS/CS/rjg 
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APPENDIX A  
BORING LOGS AND LABORATORY SOIL TEST RESULTS  

 



 

 Midwest Testing Laboratory, Inc.,  A Terracon Company     1805 Hancock Dr, PO Box 2084     Bismarck, ND  58502-2084 
P  [701] 258 2833     F  [701] 258 2857     midwesttestinglabs.com     terracon.com 
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Sample # = Clay Fill 2A Sample # = Clay Fill 2A Sample # = Clay Fill 2B
Point # = 1 (staged) Point # = 2 (staged) Point # = 3

Initial Initial Initial
Length = 14.74 cm Length = 14.74 cm Length = 17.58 cm

Diameter = 7.28 cm Diameter = 7.28 cm Diameter = 7.29 cm
Wet Weight = 1231.20 g Wet Weight = 1231.20 g Wet Weight = 1540.40 g

Area = 41.6 cm2 Area = 41.6 cm2 Area = 41.7 cm2

Sample Area = 6.45 in2 Sample Area = 6.45 in2 Sample Area = 6.47 in2

Volume = 613.5 cm3 Volume = 613.5 cm3 Volume = 733.8 cm3

Moisture Content = 21.4% Moisture Content = 21.4% Moisture Content = 20.4%
Specific Gravity = - Specific Gravity = - Specific Gravity = -

Dry Weight of Solids = 1014.17 g Dry Weight of Solids = 1014.17 g Dry Weight of Solids = 1279.40 g
Wet Unit Weight = 2.01 g/cm3 Wet Unit Weight = 2.01 g/cm3 Wet Unit Weight = 2.10 g/cm3

Dry Unit Weight = 1.65 g/cm3 Dry Unit Weight = 1.65 g/cm3 Dry Unit Weight = 1.74 g/cm3

Wet Unit Weight = 125.2 pcf Wet Unit Weight = 125.2 pcf Wet Unit Weight = 131.0 pcf
Dry Unit Weight = 103.1 pcf Dry Unit Weight = 103.1 pcf Dry Unit Weight = 108.8 pcf

Cell Pressure = 65 psi Cell Pressure = 70 psi Cell Pressure = 90 psi
Back Pressure = 60 psi Back Pressure = 60 psi Back Pressure = 70 psi

Confining Pressure = 5 psi Confining Pressure = 10 psi Confining Pressure = 20 psi

Notes: Intact sample with ends trimmed flush
Sample 2A was staged (points 1 & 2)
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Sample Number

Effective Stress Analysis

Point Number p' q
(psi) (psi)

1 (staged) 9.9 7.2
2 (staged) 22.9 13.7

3 24.0 14.3
57 35

tan(') = 0.50
a' = 2.2 psi

' 30 2 d
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Sample Number

Total Stress Analysis

Point Number p-uo q
(psi) (psi)

1 (staged) 12.5 7.2
2 (staged) 24.3 13.7

3 34.4 14.3
71 35

tan()= 0.33
a = 3.8 psi
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645
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#DIV/0!
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Mohr-Coulomb Failure Criteria: 
 

)'tan(''c ffff    
)tan(c ffff    

 
Where:   
c’, c = effective and total stress cohesion intercepts 

’, = effective and total stress friction angles 

ff = shear strength on the failure surface at failure 

’ff,ff = effective and total normal stresses on the failure surface at failure 
 
Stress Path Space: 
 

2
31q  

      
2

31 '''p  
      

2
31p  

  

 
Where:   
q = maximum shear stress 

p’, p = mean effective and total stresses 
’1, 1 = effective and total axial stresses 

’3,3 = effective and total confining stresses 
 
Stress Path Failure Criteria: 

 
)'tan('p'aq   

)tan()up(aq 0   
 

Where:   
a’, a = intercepts of the q-axis in effective stress and total stress spaces 

’ = angles of the failure envelopes in effective stress and total stress spaces 
q = maximum shear stress at failure 

p’ = mean effective stress at failure 

p-u0 = mean total stress at failure minus the initial pore pressure  
 
The relationships between  and  and a and c are as follows: 
 

tan() = sin() 
a = c cos() 

 
The relationships between ’ and ’ and a’ and c’ are as follows: 
 

tan(’) = sin(’) 
a’ = c’ cos(’) 
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Boring = # 2 Boring = # 2 Boring = # 2
Sample # = 4A Sample # = 4A Sample # = 3A
Depth (ft) = 5.0-7.0 Depth (ft) = 5.0-7.0 Depth (ft) = 10.0-12.0

Point # = 1 (staged) Point # = 2 (staged) Point # = 3

Initial Initial Initial
Length = 15.50 cm Length = 14.71 cm Length = 17.10 cm

Diameter = 7.30 cm Diameter = 7.47 cm Diameter = 7.27 cm
Wet Weight = 1356.60 g Wet Weight = 1356.60 g Wet Weight = 1398.00 g

Area = 41.9 cm2 Area = 43.8 cm2 Area = 41.5 cm2

Sample Area = 6.49 in2 Sample Area = 6.79 in2 Sample Area = 6.43 in2

Volume = 648.7 cm3 Volume = 644.7 cm3 Volume = 709.8 cm3

Moisture Content = 13.6% Moisture Content = 13.6% Moisture Content = 13.0%
Specific Gravity = na Specific Gravity = na Specific Gravity = na

Dry Weight of Solids = 1194.19 g Dry Weight of Solids = 1194.19 g Dry Weight of Solids = 1237.17 g
Wet Unit Weight = 2.09 g/cm3 Wet Unit Weight = 2.10 g/cm3 Wet Unit Weight = 1.97 g/cm3

Dry Unit Weight = 1.84 g/cm3 Dry Unit Weight = 1.85 g/cm3 Dry Unit Weight = 1.74 g/cm3

Wet Unit Weight = 130.5 pcf Wet Unit Weight = 131.3 pcf Wet Unit Weight = 122.9 pcf
Dry Unit Weight = 114.9 pcf Dry Unit Weight = 115.6 pcf Dry Unit Weight = 108.8 pcf

Cell Pressure = 65 psi Cell Pressure = 70 psi Cell Pressure = 90 psi
Back Pressure = 60 psi Back Pressure = 60 psi Back Pressure = 70 psi

Confining Pressure = 5 psi Confining Pressure = 10 psi Confining Pressure = 20 psi

Notes: Undisturbed core sample
Points 1 and 2 were staged
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project:  GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Sample Number

Effective Stress Analysis

Point Number p' q
(psi) (psi)

1 (staged) 15.2 9.1
2 (staged) 30.2 18.4

3 28.0 15.5
73 43

.
tan(') = 0.58

a' = 0.2 psi

' 35 4 d

Silt Fill 

y = 0.5786x + 0.176
R² = 0.9708
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p'-q Plot
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Sample Number

Total Stress Analysis

Point Number p-uo q
(psi) (psi)

1 (staged) 12.9 9.1
2 (staged) 27.9 18.4

3 34.7 15.5
75 43

tan()= 0.35
a = 5.6 psi


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y = 0.3486x + 5.5667
R² = 0.6656
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= 20.4 degrees
c = 5.9 psi

If eliminate the second point at 10 psi.
tan()= 0.30

a = 5.3 psi
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c = 5.5 psi
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project:  GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Mohr-Coulomb Failure Criteria: 
 

)'tan(''c ffff    
)tan(c ffff    

 
Where:   
c’, c = effective and total stress cohesion intercepts 

’, = effective and total stress friction angles 

ff = shear strength on the failure surface at failure 

’ff,ff = effective and total normal stresses on the failure surface at failure 
 
Stress Path Space: 
 

2
31q  

      
2

31 '''p  
      

2
31p  

  

 
Where:   
q = maximum shear stress 

p’, p = mean effective and total stresses 
’1, 1 = effective and total axial stresses 

’3,3 = effective and total confining stresses 
 
Stress Path Failure Criteria: 

 
)'tan('p'aq   

)tan()up(aq 0   
 

Where:   
a’, a = intercepts of the q-axis in effective stress and total stress spaces 

’ = angles of the failure envelopes in effective stress and total stress spaces 
q = maximum shear stress at failure 

p’ = mean effective stress at failure 

p-u0 = mean total stress at failure minus the initial pore pressure  
 
The relationships between  and  and a and c are as follows: 
 

tan() = sin() 
a = c cos() 

 
The relationships between ’ and ’ and a’ and c’ are as follows: 
 

tan(’) = sin(’) 
a’ = c’ cos(’) 

 

Printed on:  12/15/2011 Golder Associates Inc. Silt Fill.xlsx
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NATURAL CLAY 



Boring # = Natural Clay # 1 Boring # = Natural Clay # 1 Boring # = Natural Clay # 1
Sample # = 5A Sample # = 5A Sample # = 5B

Depth (ft) = 20.0-22.0 Depth (ft) = 20.0-22.0 Depth (ft) = 20.0-22.0
Point # = 1 (staged) Point # = 2 (staged) Point # = 3

Initial Initial Initial
Length = 15.15 cm Length = 15.15 cm Length = 15.40 cm

Diameter = 7.29 cm Diameter = 7.29 cm Diameter = 7.28 cm
Wet Weight = 1247.40 g Wet Weight = 1247.40 g Wet Weight = 1216.30 g

Area = 41.7 cm2 Area = 41.7 cm2 Area = 41.6 cm2

Sample Area = 6.47 in2 Sample Area = 6.47 in2 Sample Area = 6.45 in2

Volume = 632.3 cm3 Volume = 632.3 cm3 Volume = 641.0 cm3

Moisture Content = 25.8% Moisture Content = 25.8% Moisture Content = 25.8%
Specific Gravity = - Specific Gravity = - Specific Gravity = -

Dry Weight of Solids = 991.57 g Dry Weight of Solids = 991.57 g Dry Weight of Solids = 966.85 g
Wet Unit Weight = 1.97 g/cm3 Wet Unit Weight = 1.97 g/cm3 Wet Unit Weight = 1.90 g/cm3

Dry Unit Weight = 1.57 g/cm3 Dry Unit Weight = 1.57 g/cm3 Dry Unit Weight = 1.51 g/cm3

Wet Unit Weight = 123.1 pcf Wet Unit Weight = 123.1 pcf Wet Unit Weight = 118.4 pcf
Dry Unit Weight = 97.9 pcf Dry Unit Weight = 97.9 pcf Dry Unit Weight = 94.1 pcf

Cell Pressure = 37 psi Cell Pressure = 45 psi Cell Pressure = 70 psi
Back Pressure = 30 psi Back Pressure = 30 psi Back Pressure = 40 psi

Confining Pressure = 7 psi Confining Pressure = 15 psi Confining Pressure = 30 psi

Notes: Visually observed as dark olive brown silty clay.
Intact sample; ends trimmed flush
Rate of strain = 4.364%/hour;  t50 = 5.5 minutes.
Points 1 and 2 were staged.
Point 2 lost cell pressure during test; results shown to 12.4% strain
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Sample Number

Effective Stress Analysis

Point Number p' q
(psi) (psi)

1 (staged) 14.7 8.4
2 (staged) 26.0 14.1

3 24.1 13.4
65 36

tan(') = 0.52
a' = 0.8 psi

' 31 1 d

Natural Clay # 1 / 5A and 5B

y = 0.5171x + 0.7903
R² = 0.9985
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645

Sample Number

Total Stress Analysis

Point Number p-uo q
(psi) (psi)

1 (staged) 15.9 8.4
2 (staged) 29.7 14.1

3 43.6 13.4
89 36

tan()= 0.18
a = 6.6 psi
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Natural Clay # 1 / 5A and 5B

y = 0.1797x + 6.6109
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Consolidated-Undrained Triaxial Lab Data 
From: GOLDER ASSOCIATES INC. 
Project: GRE/2011 STANTON STAT ENG SRVC/ND
Project Number: 113-81645
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Mohr-Coulomb Failure Criteria: 
 

)'tan(''c ffff    
)tan(c ffff    

 
Where:   
c’, c = effective and total stress cohesion intercepts 

’, = effective and total stress friction angles 

ff = shear strength on the failure surface at failure 

’ff,ff = effective and total normal stresses on the failure surface at failure 
 
Stress Path Space: 
 

2
31q  

      
2

31 '''p  
      

2
31p  

  

 
Where:   
q = maximum shear stress 

p’, p = mean effective and total stresses 
’1, 1 = effective and total axial stresses 

’3,3 = effective and total confining stresses 
 
Stress Path Failure Criteria: 

 
)'tan('p'aq   

)tan()up(aq 0   
 

Where:   
a’, a = intercepts of the q-axis in effective stress and total stress spaces 

’ = angles of the failure envelopes in effective stress and total stress spaces 
q = maximum shear stress at failure 

p’ = mean effective stress at failure 

p-u0 = mean total stress at failure minus the initial pore pressure  
 
The relationships between  and  and a and c are as follows: 
 

tan() = sin() 
a = c cos() 

 
The relationships between ’ and ’ and a’ and c’ are as follows: 
 

tan(’) = sin(’) 
a’ = c’ cos(’) 
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APPENDIX B  
SEISMIC LOADING CONDITIONS 

 



APPROXIMATE SITE LOCATION

2% PROBABILITY OF EXCEEDANCE IN 50 YEARS MAP OF PEAK
GROUND ACCELERATION

USGS SEISMIC HAZARD MAP (2014)

FIGURE B-1
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APPROXIMATE SITE LOCATION
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2% PROBABILITY OF EXCEEDANCE IN 50 YEARS MAP OF PEAK
GROUND ACCELERATION

USGS SEISMIC HAZARD MAP (2008)

FIGURE B-2



BEDROCK PGA 2% in 50 yrs = 0.03g
(USGS SEISMIC HAZARD MAP)

PGA 2% in 50 yrs = 0.075g
(FOR SOFT SOILS)

PGA 2% in 50 yrs = 0.03g
(FOR ROCK)
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COMPARISON OF PEAK GROUND ACCELERATION
AND PEAK OUTCROP ACCELERATION

FIGURE B-3
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