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EXECUTIVE SUMMARY 

This Safety Factor Assessment (Report) is prepared in accordance with the requirements 

of the United States Environmental Protection Agency (USEPA) published Final Rule for 

Hazardous and Solid Waste Management System – Disposal of Coal Combustion 

Residual (CCR) from Electric Utilities (40 CFR Parts 257 and 261, also known as the CCR 

Rule) published on April 17, 2015 and effective October 19, 2015.     

This Report assess the safety factors of each CCR unit at Ottumwa Generating Station in 

Ottumwa, Iowa in accordance with §257.73(b) and §257.73(e) of the CCR Rule.    For 

purposes of this Report, “CCR unit” refers to an existing or inactive CCR surface 

impoundment.   

Primarily, this Report is focused on assessing if each CCR surface impoundment achieves 

the minimum safety factors, which include:  

• Static factor of safety under long-term, maximum storage pool loading 
condition,  

• Static factor of safety under the maximum surcharge pool loading condition,  

• Seismic factor of safety; and,  

• Post-Liquefaction factor of safety for embankments constructed of soils that 
have susceptibility to liquefaction. 
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1 Introduction 

The owner or operator of the Coal Combustion Residual (CCR) unit must conduct an 

initial and periodic safety factor assessments to determine if each CCR surface 

impoundment achieves the minimum safety factors, which include:  

• Static factor of safety under long-term, maximum storage pool loading 
condition,  

• Static factor of safety under the maximum surcharge pool loading condition,  

• Seismic factor of safety; and,  

• Post-Liquefaction factor of safety for embankments constructed of soils that 
have susceptibility to liquefaction.  

This Report has been prepared in accordance with the requirements of §257.73(b) and 

§257.73(e) of the CCR Rule.   

1.1 CCR Rule Applicability 

The CCR Rule requires a periodic safety factor assessment by a qualified professional 

engineer (PE) for existing CCR surface impoundments with a height of 5 feet or more and 

a storage volume of 20 acre-feet or more; or the existing CCR surface impoundment has 

a height of 20 feet or more. 

On August 5th, 2016, USEPA published revisions to the CCR Rule (the “Extension Rule”) 

that extend the above requirements to inactive CCR surface impoundments with 

different deadlines.  The effective date of the Extension Rule is October 4th, 2016. 

1.2 Safety Factor Assessment Applicability 

The Ottumwa Generating Station (OGS) in Ottumwa, Iowa (Figure 1) has one existing 

and one inactive CCR surface impoundments, identified as follows: 

• OGS Ash Pond (existing) 

• OGS Zero Liquid Discharge Pond (inactive) 
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Each of the identified CCR surface impoundments meet the requirements of §257.73(b)(1) 

and/or §257.73(b)(2), they are subject to the periodic safety factor assessment 

requirements of §257.73(e) of the CCR Rule.    
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2 FACILITY DESCRIPTION 

OGS is located approximately ten miles northwest of Ottumwa, Iowa on the western 

shore of the Des Moines River in Wapello County, at 20775 Power Plant Road, Ottumwa, 

Iowa (Figure 1).  The McNeese Wildlife Area is located to the southeast of OGS.  Middle 

Avery Creek, which flows to the northeast into the Des Moines River, is located to the 

south and east of OGS. 

OGS is a fossil-fueled electric generating station consisting of one steam electric 

generating unit.  Sub-bituminous coal is the primary fuel for producing steam.  The 

burning of coal produces a by-product of CCR.  The CCR at OGS is categorized into three 

types; bottom ash, fly ash, and flue gas desulfurization (scrubber) byproducts.  The fly 

ash also can be subdivided into two types, economizer fly ash and precipitator fly ash.   

The majority of precipitator fly ash is collected by the electrostatic precipitators and sent 

to the on-site storage silo located on the west side of the generating plant.  Historically, 

the precipitator fly ash has then either been transported off-site for beneficial reuse or 

was placed in the fly ash reclamation processing area adjacent to the coal pile storage area 

for the purposes of producing hydrated fly ash.  In the fly ash reclamation processing 

area, the fly ash was rolled out, compacted, hydrated, and allowed to dry into a very 

hard, cement-like material that was stored in this area until transported off-site.  

Although this fly ash hydrating process has occurred in the past, this process ceased prior 

to October 19, 2015. 

The precipitator fly ash that is not collected by the electrostatic precipitators becomes part 

of the flue gas desulfurization pollution control process at OGS.  Activated carbon is 

injected into the flue gas stream and binds with mercury.  This flue gas stream travels to 

the spray dry desulfurization towers.  From there, a water based slurry of hydrated 

(slaked) lime is injected into the spray dry desulfurization towers.  The hydrated lime 

reacts with the sulfur compounds in the flue gas and the water evaporates.  A precipitate 

is left that consists of activated carbon bound to mercury, calcium sulfate, calcium sulfite, 
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unreacted slaked lime, and some unreacted fly ash.  This flue gas stream is directed to the 

bag house where the particulate matter is removed.  A portion of the solids are recycled 

back to the process and the rest of the scrubber byproducts are sent to the air quality 

control system byproduct silo.  The material from the byproduct silo is mixed with water 

in a pin mixer to reduce dust, loaded into trucks, and transported to the off-site Ottumwa-

Midland CCR landfill for disposal. 

The bottom ash and economizer fly ash at OGS are sluiced to a surface impoundment 

identified as the OGS Ash Pond (Figure 2).  The OGS Ash Pond is located east of the 

generating plant and is presently the only existing CCR surface impoundment at OGS. 

In addition to the OGS Ash Pond, OGS has one inactive CCR surface impoundment 

identified as the OGS Zero Liquid Discharge (ZLD) Pond.  The OGS ZLD Pond is located 

northeast of the generating plant and north of the OGS Ash Pond.  The OGS ZLD Pond, 

presently, only receives surface water runoff from the surrounding area.   

General Facility Information: 

• Date of Initial Facility Operations: 1981 

• NPDES Permit Number:   IA90-001-01 

• Latitude / Longitude:   41°5’53”N 92°33’17”W 

• Nameplate Ratings:    Unit 1 (1981)  725 MW 

 

2.1  OGS Ash Pond 

The OGS Ash Pond is located east of the generating plant on the eastern portion of the 

site.  The OGS Ash Pond receives influent flows from the generating plant floor drains, 

oil/water separator, boiler blow down water, solid contact unit sludge, sluiced CCR 

(bottom ash and economizer fly ash), recirculating media sanitary treatment plant, and 

surface water runoff from the generating site proper. 
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The sluiced CCR is discharged into the west end of the OGS Ash Pond.  The sluiced CCR 

is discharged into a collection pad area where the majority of CCR is recovered.  A dozer 

is used to scrape the collection pad and push the CCR into a stockpile for dewatering.  

Once dewatered, the CCR is then loaded into over-the-road haul trucks for transporting 

off-site.  The sluiced water from the CCR drains into a narrow channel that flows into the 

southwest portion of the OGS Ash Pond.  Routine maintenance dredging of the narrow 

channel occurs as the CCR settles out in the channel.  Approximately 4 million gallons 

per day (MGD) of process water is recirculated back into OGS for reuse. 

The water in the OGS Ash Pond from other sources flows to the east and discharges 

through the facility’s National Pollution Discharge Elimination System (NPDES) Outfall 

001, located in the northeast corner of the OGS Ash Pond.  NPDES Outfall 001 consists of 

a concrete discharge structure with a six foot wide overflow weir and includes a Parshall 

flume and instrumentation to measure the flow of the discharged water.  The water flows 

through the NPDES Outfall 001 and discharges into an unnamed creek at an average rate 

of 1.54 MGD.  The water flows through the NPDES Outfall 001 and discharges into an 

unnamed creek.  The unnamed creek flows into the Des Moines River downstream of the 

water intake structure and before the confluence of Middle Avery Creek. 

The surface area of the OGS Ash Pond is approximately 18 acres and has an embankment 

height of approximately 25 feet from the crest to the toe of the downstream slope.  The 

interior storage depth of the OGS Ash Pond is approximately 20 feet. Currently, the total 

volume of impounded CCR and water within the OGS Ash Pond is approximately 

556,000 cubic yards.  

2.2  OGS Zero Liquid Discharge Pond 

The OGS Zero Liquid Discharge (ZLD) Pond is located northeast of the generating plant 

on the eastern portion of the site and north of the OGS Ash Pond. The OGS ZLD Pond 

historically received influent flows from the generating plant that consisted of boiler 

wash water, air heater wash, turbine chemical cleaning water, and boiler chemical 
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cleaning water.  Presently, the OGS ZLD Pond only receives storm water runoff from the 

surrounding area, which includes the inactive hydrated fly ash area located west of the 

surface impoundment, as well as occasional excess storm water runoff from the coal pile 

storage area.   One 24-inch diameter high-density polyethylene culvert connects the coal 

pile runoff pond to the OGS ZLD Pond.  The culvert is used as an emergency overflow to 

route storm water from the coal pile runoff pond into the OGS ZLD Pond.  

The OGS ZLD Pond does not currently discharge.  Two 48-inch diameter concrete 

culverts, located along the south embankment, previously connected the OGS ZLD Pond 

to the OGS Ash Pond prior to being permanently sealed off with concrete.  

The OGS ZLD Pond covers a surface area of approximately 19 acres and has an 

embankment height of approximately 29 feet from crest to toe of the downstream slope.  

The interior storage depth of the OGS ZLD Pond is approximately 25 feet.  Based on 

readily available information, the OGS ZLD Pond has a total storage capacity of 

approximately 515,000 cubic yards.   
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3 SAFETY FACTOR ASSESSMENT- §257.73(e) 

This Report documents if each CCR surface impoundment achieves the minimum safety 

factors, which are identified on the table below. 

Safety Factor Assessment Minimum Safety Factor 

Static Safety Factor Under 
Maximum Storage Pool Loading 

1.50 

Static Safety Factor Under 
Maximum Surcharge Pool Loading 

1.40 

Seismic Safety Factor 1.00 

Post-Liquefaction Safety Factor 1.20 
 

3.1 Safety Factor Assessment Methods 

The safety factor assessment is completed with the two dimensional limit-equilibrium 

slope stability analyses program STABL5M (1996)1.  The program analyzes many 

potential failure circles or block slides by random generation of failure surfaces using the 

toe and crest search boundaries set for each analysis.  The solution occurs by balancing 

the resisting forces along the failure plane due to the Mohr-Columb failure strength 

parameters of friction angle and cohesion.  The gravity driving forces are divided by the 

resisting forces to produce a safety factor for the slope.  The minimum of hundreds of 

searches is presented as the applicable safety factor. 

There are both total stress and effective stress friction angle and cohesion values for clay.  

For the total stress case clay has only cohesion.  For effective stress clay has both cohesion 

and friction angle.  When clay receives a load that is applied only briefly (i.e., earthquake 

or high water), it responds as a total stress soil.  For long term loadings such as normal 

water elevation, the clay resistance to failure is based on effective stress parameters.  The 

total stress parameters for compacted and stiff clay yield a conservative answer for safety 

                                                      
 
1 STABL User Manual by Ronald A. Siegal, Purdue University, June 4, 1975 and STABL5 – The Spencer Method 

of Slices: Final Report by J. R. Carpenter, Purdue University, August 28, 1985 
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factor, and the static analysis with normal operating water elevation is performed with 

the total stress parameters for the clay components in the embankments. 

3.1.1 Soil Conditions in and under the impoundments 

The soil conditions at the embankments is documented by SCS Engineers2 boring logs 

MW-304 and MW-305, Figure 2.  The results indicate that the embankments of both 

impoundments are constructed of stiff compacted clay from the site overlying the 

medium stiff native clay which overlies very dense sand of the Des Moines River.  The 

boring logs are shown in Appendix A. 

During the construction of the OGS in 1974, the native clay was sampled and tested for 

Atterberg limits, unconfined compressive strength and both consolidated undrained 

(CU) and unconsolidated undrain (UU) triaxial strength.  The test results are shown in 

Appendix B and indicated that the native clay under the embankments is a low plasticity 

clay (CL) with unconfined compression values from 1,500 to 2,500 psf.  Triaxial UU tests 

indicated a range of 750 to 2,000 psf for cohesion and the CU tests indicated 29˚ to 34˚ for 

friction angle and 0 to 600 psf cohesion.  The CU test results imply the clay is normally 

consolidated. 

Information on the compacted clay and river valley sand is available from the SCS soil 

boring standard split spoon (SPT) blowcount information, Appendix A.  The Terzaghi 

and Peck relationship of SPT blowcount to clay cohesion for the average blowcounts in 

each clay layer yields a value of cohesion of 1,000 psf for the native clay and 1,600 psf for 

the embankment clay, Appendix C.  The very dense sand is assigned a friction angle of 

38˚, based on the correlation of cohesionless soil strength to density provided in 

NAVFACs DM-73, Appendix C. 

                                                      
 
2 SCS Engineers, “Ottumuwa Generating Station – Monitoring Well Construction Documentation”, April 15, 2016 
3 Naval Facilities Engineering Command, Soil Mechanics, Foundations, and Earth Structures, Figure 3-7, NAVFAC 

DM-7, January 1971 
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The analysis was completed with a cohesion value of 1,600psf for the embankment clay, 

1000 psf for the native clay and a friction angle of 38˚ for the very dense sand. 

3.1.2 Design water surface in impoundments maximum normal pool and maximum 

pool under design inflow storm 

The OGS Ash Pond receives both circulating sluicing water and other process water 

sources from the facility.  The sluicing water is recirculated back into facility.  The other 

sources of water discharge at an average rate of 1.54 MGD.  The impoundment discharge 

is controlled by a six foot wide weir with its top elevation at approximately 675.5 feet 

making the normal impoundment water elevation approximately 676 feet.  During the 

design inflow storm the water elevation increases to elevation 677.25 feet. 

The OGS ZLD Pond only receives water from storm flows and its normal water elevation 

is determined by the balance of rainfall and evaporation.  The impoundment has a clay 

bottom and embankment so exfiltration seepage is not significant.  The normal water 

elevation based on topographic surveys is approximately elevation 673 feet.  During the 

design inflow storm the water elevation rises to 675.25 feet. 

The water elevation in the embankment is assumed to conservatively exit at the toe of the 

embankment and saturated the native clay and river sand at the toe.  This provides a 

conservative strength projection for the soils at the toe of the embankment. 

3.1.3 Selection of Seismic Design Parameters and Description of Method 

The design earthquake ground acceleration is selected from the United States Geologic 

Survey (USGS) detailed seismic design maps based on the latitude and longitude of the 

OGS.  The peak ground acceleration (PGA) value is selected for a 2% probability of 

exceedance in 50 years (2,500 year return period) as required by §257.53.  Since the site 

soils are clay with cohesion greater than 1,000 psf, or very dense sand and extend to 

bedrock at elevation 625 feet4, the site class as defined in the 2009 International Building 

                                                      
 
4Cross Section KK, Appendix B 
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Code 1613.5.5 is Site Class D.  For Site Class D the ground surface Peak Ground 

Acceleration (PGA) for slope stability and liquefaction assessment is 0.058g, Appendix D. 

3.1.4 Liquefaction Assessment Method and Parameters 

Certain soils may have zero effective stress (liquefaction) during an earthquake or from 

static shear of a saturated embankment slope.  Soils that will liquefy include loose or very 

loose uniform fine sand or silt, and low plasticity clay (plastic index (PI) of less than 12).  

The native clay and embankment both have PI higher than 12 and are stiff and medium 

stiff in consistency.  The river valley sand is very dense. 

None of the soil types at OGS is susceptible to liquefaction and no analysis of liquefaction 

potential is required for the embankments. 

3.2 OGS Ash Pond 

The critical cross-section for the OGS Ash Pond is the location where the embankment 

toe is closest to Middle Avery Creek, just upstream of the railroad embankment, Figure 

2.  At this location, top of the creek bank is approximately 25 feet from the toe of the 

embankment.  For determination of safety factors, the bottom of Middle Avery Creek was 

taken to be in the very dense sand and the water elevation in the creek was set at the same 

elevation. 

3.2.1 Static Safety Factor Assessment Under Maximum Storage Pool Loading - 

§257.73(e)(1)(i) 

The OGS Ash Pond receives 2.4 cubic feet per second of process water flow that 

discharges over the outlet weir.  The process flow maintains a maximum average storage 

pool of 676 feet in the impoundment.  Analysis of both circular and block sliding surfaces, 

Appendix E, show a minimum factor of safety of 2.1 for the circular failure surface 

passing through the foundation soil and exiting in Middle Avery Creek. 

3.2.2 Static Safety Factor Assessment Under Maximum Surcharge Pool Loading - 

§257.73(e)(1)(ii) 

The OGS Ash Pond will contain the 100 year return period design storm through a 

combination of storage in the impoundment and discharge to the Middle Avery Creek.  



 

Wisconsin Power and Light Company – Ottumwa Generating Station 
Safety Factor Assessment 
September 29, 2016 11 
 

 

The maximum surcharge pool elevation is 677.25 at the peak of the storm.  Analysis for 

both circular and block sliding surface, Appendix E, show a minimum factor of safety of 

2.1 for the circular surface passing through the foundation soil and exiting in Middle 

Avery Creek. 

3.2.3 Seismic Safety Factor Assessment - §257.73(e)(1)(iii) 

The OGS Ash Pond was assigned a pseudo-static earthquake coefficient equal to 0.058 g 

acceleration and a vertical downward component equal to 2/3 of the horizontal 

component (0.039 g) as recommended by Newmark5.  Analysis for both a circular and 

block sliding surface, Appendix E, show a minimum factor of safety of 1.7 for the circular 

sliding surface through the foundation soil and into Middle Avery Creek. 

3.2.4 Liquefaction Safety Factor Assessment - §257.73(e)(1)(iv) 

The OGS Ash Pond foundation and embankment soils are not susceptible to liquefaction, 

Section 3.1.4. 

3.3 OGS Zero Liquid Discharge Pond 

The critical cross-section for the OGS ZLD Pond is the location where the embankment is 

highest in the southern part of the embankment, Figure 2.  At this location, the Des 

Moines River bank is approximately 500 feet to the northeast from the toe of the 

embankment.  For determination of safety factors, the water elevation in the embankment 

was set at the toe with the native clay in the river valley assumed to be saturated. 

3.3.1 Static Safety Factor Assessment Under Maximum Storage Pool Loading - 

§257.73(e)(1)(i) 

The OGS ZLD Pond receives only storm water inflow.  Its normal water elevation is 

control by the balance between storm water inflow and evaporation.  A normal water 

elevation of 673 feet was selected as representative of measurements taken on the 

impoundment water elevation.  Analysis of both circular and block sliding surfaces, 

                                                      
 
5 Newmark, N. M. and W. J. Hall, “Earthquake Spectra and Design”, EERI Monograph, Earthquake Engineering 

Research Institute, Berkeley, California, 1982 
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Appendix E, show a minimum factor of safety of 3.0 for the circular failure surface 

passing through the foundation soil. 

3.3.2 Static Safety Factor Assessment Under Maximum Surcharge Pool Loading - 

§257.73(e)(1)(ii) 

The OGS ZLD Pond will contain the 100 year return period design storm through storage 

in the impoundment without discharge.  The maximum surcharge pool elevation is 

677.25 feet at the conclusion of the storm.  Analysis for both circular and block sliding 

surface, Appendix E, show a minimum factor of safety of 2.9 for the block slide surface 

passing through the foundation clay. 

3.3.3 Seismic Safety Factor Assessment - §257.73(e)(1)(iii) 

The OGS ZLD Pond was assigned a pseudo-static earthquake coefficient equal to 0.058 g 

acceleration and a vertical downward component equal to 2/3 of the horizontal 

component (0.039 g) as recommended by Newmark6.  Analysis for both a circular and 

block sliding surface, Appendix E, show a minimum factor of safety of 2.5 for the circular 

sliding surface through the foundation soil. 

3.3.4 Liquefaction Safety Factor Assessment - §257.73(e)(1)(iv) 

The OGS ZLD Pond foundation and embankment soils are not susceptible to liquefaction, 

Section 3.1.4.  

 

 

  

                                                      
 
6 Newmark, N. M. and W. J. Hall, “Earthquake Spectra and Design”, EERI Monograph, Earthquake Engineering 

Research Institute, Berkeley, California, 1982 
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4 Results Summary 

The results of the safety factor assessment indicate that the OGS embankments meet the 

requirements of §257.73(e).  The results are: 

      
 

Static 
Stability 
Normal 
Water 

Elevation 

Static 
Stability 

Flood 
Water 

Elevation 

Pseudo Static 
Earthquake 
with Normal 

Water 
Elevation 

Liquefaction 
Potential 

Post-
Earthquake 

Static Stability 
Normal Water 

Elevation 

Required Safety Factor 1.5 1.4 1.0  1.2 

OGS Ash Pond 2.1 2.1 1.7 no  

OGS ZLD Pond 3.0 2.9 2.5 no  
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