


 

 

City of Columbia, Water 
& Light Department 
 
Columbia Municipal 
Power Plant 
Columbia, Missouri 
 
 
Prepared for  

United States Environmental 
Protection Agency 
Washington, D.C. 
 
December, 2013 
Revised April, 2014   

CDM Smith Project No.: 

93083.1801.044.SIT.COLUM 

 

ASSESSMENT OF DAM 

SAFETY OF COAL 

COMBUSTION SURFACE 

IMPOUNDMENTS – FINAL 

REPORT 
 



 

  i 

Table of Contents  

 

Section 1 CONCLUSIONS AND RECOMMENDATIONS ................................................................................... 1-1 

1.1 INTRODUCTION ............................................................................................................................................. 1-1 

1.2 PURPOSE AND SCOPE .................................................................................................................................. 1-1 

1.3 CONCLUSIONS ................................................................................................................................................. 1-1 

1.3.1 Conclusions .......................................................................................................................................... 1-2 

1.3.1.1 Conclusions Regarding the Structural Soundness of the CCW 

Impoundment ...................................................................................................................................... 1-2 

1.3.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the CCW 

Impoundment ...................................................................................................................................... 1-2 

1.3.3 Conclusions Regarding the Adequacy of Supporting Technical Documentation .. 1-3 

1.3.4 Conclusions Regarding the Description of the CCW Impoundment............................ 1-3 

1.3.5 Conclusions Regarding the Field Observations.................................................................... 1-3 

1.3.6 Conclusions Regarding the Adequacy of Maintenance and Methods of  

Operation .............................................................................................................................................. 1-4 

1.3.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 

Program  ................................................................................................................................................ 1-4 

1.3.8 Classification Regarding Suitability for Continued Safe and Reliable Operation .. 1-4 

1.4 RECOMMENDATIONS .................................................................................................................................. 1-4 

1.4.1 Recommendations Regarding the Hydrologic/Hydraulic Safety ................................. 1-4 

1.4.2 Recommendations Regarding the Description of the CCW Impoundment .............. 1-5 

1.4.3 Recommendations Regarding the Field Observations ...................................................... 1-5 

1.4.4 Recommendations Regarding the Surveillance and Monitoring Program ............... 1-5 

1.4.5 Recommendations Regarding the Technical Documentation for Structural  

Stability   ............................................................................................................................................... 1-6 

1.4.6 Recommendations Regarding Continued Safe and Reliable Operation ..................... 1-6 

1.5 PARTICIPANTS AND ACKNOWLEDGMENT ....................................................................................... 1-6 

1.5.1 List of Participants ............................................................................................................................ 1-6 

1.5.2 Acknowledgment and Signature ................................................................................................ 1-6 

Section 2 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT UNIT ....................... 2-1 

2.1 LOCATION AND GENERAL DESCRIPTION .......................................................................................... 2-1 

2.2.1 Horizontal and Vertical Datum ................................................................................................... 2-1 

2.1.2 Site Geology ......................................................................................................................................... 2-1 

2.2 COAL COMBUSTION RESIDUE HANDLING ......................................................................................... 2-2 

2.2.1 Fly and Bottom Ash .......................................................................................................................... 2-2 

2.2.2 Boiler Slag............................................................................................................................................. 2-2 

2.2. Flue Gas Desulfurization Gypsum ................................................................................................. 2-2 

2.3 SIZE AND HAZARD CLASSIFICATION ................................................................................................... 2-2 

2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE  

IMPOUNDMENT AND MAXIMUM CAPACITY ............................................................................................ 2-3 

2.5 PRINCIPAL PROJECT STRUCTURES ....................................................................................................... 2-3 

2.5.1 Earth Embankment .......................................................................................................................... 2-3 

2.5.2 Outlet Structure ................................................................................................................................. 2-4 



TOC    Columbia Power Plant 

 

  ii 

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT ................................ 2-4 

Section 3 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS ........................................ 3-1 

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE CCW IMOUNDMENT .............................. 3-1 

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL PERMITS ...................... 3-1 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS ....................................................................................... 3-1 

Section 4 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION ........................................... 4-1 

4.1 SUMMARY OF CONSTRUCTION HISTORY ........................................................................................... 4-1 

4.1.1 Original Construction ...................................................................................................................... 4-1 

4.1.2 Significant Changes/Modifications in Design since Original Construction .............. 4-1 

4.1.3 Significant Repairs/Rehabilitation since Original Construction ................................... 4-1 

4.2 SUMMARY OF OPERATIONAL PROCEDURES .................................................................................... 4-2 

4.2.1 Original Operational Procedures ................................................................................................ 4-2 

4.2.2 Significant Changes in Operational Procedures and Original Startup ........................ 4-2 

4.2.3 Current Operational Procedures ................................................................................................ 4-2 

4.2.4 Other Notable Events since Original Startup ......................................................................... 4-2 

Section 5 FIELD OBSERVATIONS ........................................................................................................................ 5-1 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS ...................................................................... 5-1 

5.2 CCW IMPOUNDMENT ................................................................................................................................... 5-2 

5.3 EARTH EMBANKMENT................................................................................................................................ 5-2 

5.3.1 Crest  ................................................................................................................................................ 5-2 

5.3.2 Inside Slope .......................................................................................................................................... 5-2 

5.3.3 Outside Slope and Toe ..................................................................................................................... 5-3 

5.4 OUTLET STRUCTURES ................................................................................................................................. 5-3 

5.4.1 Overflow Discharge Structure ..................................................................................................... 5-3 

5.4.2 Outlet Conduit ..................................................................................................................................... 5-3 

5.4.3 Emergency Spillway ......................................................................................................................... 5-3 

5.4.4 Low Level Outlet ................................................................................................................................ 5-3 

Section 6 HYDROLOGIC/HYDRAULIC SAFETY .............................................................................................. 6-1 

6.1 SUPPORTING TECHNICAL DOCUMENTATION ................................................................................. 6-1 

6.1.1 Flood of Record .................................................................................................................................. 6-1 

6.1.2 Inflow Design Flood .......................................................................................................................... 6-1 

6.1.3 Spillway Rating ................................................................................................................................... 6-2 

6.1.4 Downstream Flood Analysis ......................................................................................................... 6-2 

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION .................................................. 6-2 

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY ................................................................. 6-2 

Section 7 STRUCTURAL STABILITY .................................................................................................................. 7-1 

7.1 SUPPORTING TECHNICAL DOCUMENTATION ................................................................................. 7-1 

7.1.1 Stability Analyses and Load Cases Analyzed ......................................................................... 7-1 

7.1.2 Design Parameters and Dam Materials .................................................................................... 7-1 

7.1.3 Uplift and/or Phreatic Surface Assumptions......................................................................... 7-2 

7.1.4 Factors of Safety and Base Stresses ........................................................................................... 7-2 

7.1.5 Liquefaction Potential ..................................................................................................................... 7-2 

7.1.6 Critical Geological Conditions and Seismicity ....................................................................... 7-3 

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION .................................................. 7-3 



TOC    Columbia Power Plant 

 

  iii 

7.3 ASSESSMENT OF STRUCTURAL STABILITY ...................................................................................... 7-3 

Section 8 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION ......................................... 8-1 

8.1 OPERATING PROCEDURES ........................................................................................................................ 8-1 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES ........................................................... 8-1 

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS ..................................... 8-1 

8.3.1 Adequacy of Operating Procedures ........................................................................................... 8-1 

8.3.2 Adequacy of Maintenance ............................................................................................................. 8-1 

Section 9 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM ............................................ 9-1 

9.1 SURVEILLANCE PROCEDURES ................................................................................................................ 9-1 

9.2 INSTRUMENTATION MONITORING ...................................................................................................... 9-1 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM .......................................... 9-1 

9.3.1 Adequacy of Surveillance Program ........................................................................................... 9-1 

9.3.2 Adequacy of Instrumentation Monitoring Program .......................................................... 9-1 

 

Appendices 
Appendix A - Figures 

Appendix B – Assessment Checklist 

Appendix C - Documentation from Columbia Municipal Power Plant 

Appendix D – Photographs 

Appendix E - CDM Smith Memorandum of Explanation, Draft Report Comments 

Tables 
Table 2-1 – Summary of CCW Impoundment Dimensions and Geometry .................................... 2-1 

Table 2-2 – USACE ER 1110-2-106 Size Classification .......................................................................... 2-3 

Table 2-3 – Recommended Impoundment Hazard Classification Rating ..................................... 2-3 

Table 2-4 – Summary of CCW Impoundment Capacity  ........................................................................ 2-3 

Table 5-1 – Daily Total Precipitation for Week Prior to Assessment ............................................. 5-1 

Table 6-1 – Elevation Data for Moore’s Lake Dam in 1980 ................................................................. 6-1 

Table 6-2 – Storage Data for Moore’s Lake Dam in 1980 .................................................................... 6-2 

Table 6-6 – Elevation Data for Moore’s Lake Dam in 1980  ................................................................ 6-2 

Table 7-1 – Minimum Required Factors of Safety: New Earth and Rock-Fill Dams  ................ 7-2 

Table 7-2 – Minimum Required Seismic Factors of Safety  ................................................................. 7-2 

 

Figures 
Figure 2-1 - Locus Plan 

Figure 2-2 - Critical Infrastructure Plan 

Figure 2-3 - Aerial Plan 

Figure 4 – Photograph Location Plan 

 



 

  1-1 
 

Section 1 

CONCLUSIONS AND RECOMMENDATIONS 

1.1 INTRODUCTION 
On December 22, 2008 the dike of a coal combustion waste (CCW) ash pond dredging cell failed at a 

facility owned by the Tennessee Valley Authority in Kingston, Tennessee. The failure resulted in a spill 

of over one billion gallons of coal ash slurry, which covered more than 300 acres, damaging 

infrastructure and homes. In light of the dike failure, the United States Environmental Protection 

Agency (USEPA) is assessing the stability and functionality of existing CCW impoundments at coal-

fired electric utilities to ensure that lives and property are protected from the consequences of a 

failure. 

The assessment of the stability and functionality of the City of Columbia, Water & Light Department’s 

CCW impoundment is based on a review of available documents, a site assessment conducted by CDM 

Smith on August 22 and 23, 2012, and technical information provided subsequent to the site visit. In 

summary, the CCW impoundment at the Columbia Municipal Power Plant is classified as POOR for 

continued safe and reliable operation; static and seismic engineering studies for embankment stability 

to determine current safety factors have not been performed on the embankments. The impoundment 

is also given a Hazard Potential Rating of HIGH due to urban and commercial development 

downstream of the impoundment. 

It is critical to note that the condition of the embankment(s) depends on numerous and constantly 

changing internal and external conditions, and is evolutionary in nature.  It would be incorrect to 

assume that the present condition of the embankment(s) will continue to represent the condition of 

the embankment(s) at some point in the future. Only through continued care and inspection can there 

be likely detection of unsafe conditions. 

1.2 PURPOSE AND SCOPE 
CDM Smith Inc. was contracted by the USEPA to perform dam safety assessments of selected CCW 

surface impoundments. As part of the contract, CDM Smith performed an impoundment safety 

assessment at the Columbia Municipal Power Plant (CMPP), owned by the City of Columbia, Water & 

Light Department (CWLD) in Columbia, Missouri. CMPP had one CCW impoundment that received coal 

ash slurry from the plant. The purpose of this report is to provide the results of the assessment and 

evaluation of the conditions and potential for waste release from the CCW impoundment.  

A site visit was conducted by CDM Smith representatives on August 22 and 23, 2012, to collect 

relevant information, to inventory the impoundment, and perform a visual assessment of the 

impoundment. 

1.3 CONCLUSIONS 
Conclusions are based on visual observations during the assessment on August 22 and 23, and review 

of technical documentation provided by CMPP. 
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1.3.1 Conclusions Regarding the Structural Soundness of the CCW 
Impoundment 
A geotechnical investigation was performed by Terracon of Columbia, Missouri near the southeast 

corner of the impoundment.  A report was issued by Terracon, dated March 2, 2004 with information 

on subsurface conditions and laboratory test results for soils encountered in borings drilled in the 

area (Appendix C).  The report did not contain analysis of stability, seepage and/or settlement of the 

embankments of the existing impoundment.   

Information provided by CMPP did not include engineering analysis of the structural soundness of the 

impoundment (i.e. stability analyses).  In general, engineering analyses for design of private facilities 

(the pond was originally constructed on private property for recreational purposes in the late 1800’s) 

was much less common than it is today, and makes it unlikely that engineering analysis was 

performed for the dam forming the pond. 

CDM Smith is unable to make an assessment of the structural soundness of the CCW impoundment, 

due to the lack of documentation. No apparent structural damage or evidence of previous repairs was 

observed in the impoundment during CDM Smith’s site visit. From visual observations, the 

embankments appeared structurally sound, with no current evidence of erosion.  

1.3.2 Conclusions Regarding the Hydrologic/Hydraulic Safety of the CCW 
Impoundment 
A CMPP plant representative (Christian Johanningmeier, the Power Production Superintendent), 

indicated the CCW impoundment has not been overtopped since its first use as a CCW pond beginning 

in the 1950’s.  The CMPP representative also stated there has been no seepage failure of the CCW 

impoundment embankments. Visual examination of the impoundment earth structures did not show 

evidence of previous overtopping or seepage on the slopes of the embankment or in the area of the 

toe.  

A United States Army of Corps of Engineers (USACE) Phase I inspection of the CCW impoundment was 

performed in 1980 and a follow-up report was prepared.  A copy of this report was provided to CDM 

Smith during the site visit.  The report found the CCW impoundment could only pass 50 percent of the 

Probable Maximum Precipitation (PMP) event without overtopping, According to the report, the 

impoundment outlet structure and drain line have the capacity to discharge water at a rate of about 

half of what is necessary to accommodate a PMP event. Currently, the Missouri Department of Natural 

Resources (MDNR) requires that the impoundment pass 75 percent of a PMP event. Therefore, a 75 

percent PMP event would potentially result in overtopping (discharge of ash slurry) of the CCW 

impoundment embankment crest. The USACE report also mentioned three discharge pipes for the 

dam: a 4-inch diameter pipe, an 8-inch diameter pipe, and a 10 inch diameter pipe. CDM Smith 

observed only the 8-inch diameter pipe during the site visit; this pipe is also shown on the topographic 

survey drawing CMPP provided to CDM Smith. The other two pipes were not shown on the survey 

drawings, and CDM Smith did not observe them during the site visit. The absence of these two 

additional pipes could further reduce the capacity of the impoundment to pass the 75 percent PMP 

event. 

Measurements of the embankment crest show a drop in crest elevation.  Based on elevations provided 

in the USACE report and elevations provided in a recent topographic survey by CMPP, the crest of the 

dam portion of the impoundment confining embankment dropped from El. 773.0 in 1980, to El. 770.0 

in 2012.   
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This drop in elevation could be the result of consolidation of the embankment and underlying 

foundation soils, or the result of differences in measurement of the crest elevation resulting from use 

of different datum during the USACE and recent topographic survey.  Elevations in the USACE report 

referred to Mean Sea Level (no clear definition of the datum for this is given), while the recent CMPP 

topographic survey used the NAVD 1988 as a reference datum. 

The drop in crest elevation reduces the freeboard above the normal pond level and decreases the 

excess capacity for storage of water in the case of heavy rainfall or a 75 percent PMP event. Regardless 

of some uncertainty in the crest elevations, the CMPP representative indicated that there has not been 

an overtopping of the impoundment since the USACE report was issued in 1980.  

Although the impoundment has reportedly not been overtopped since 1980, there is no 

hydrologic/hydraulic analysis to confirm the impoundment can pass a 75 percent PMP event without 

overtopping. CDM Smith also understands that modifications have not been made to the embankment 

since the USACE report was issued. As the pond fills further with ash, the volume available for flood 

storage will diminish, and could eventually be less than used in the analysis, unless ash is excavated or 

other measures taken to restore available flood storage.  

It is, therefore, CDM Smith’s opinion that the hydrologic/hydraulic safety of the CCW impoundment is 

inadequate at the present time. 

1.3.3 Conclusions Regarding the Adequacy of Supporting Technical 
Documentation 
Technical documentation provided by the USACE inspection report of the impoundment and a recent 

survey of the impoundment and surrounding areas provided by the plant representative provided 

some of the documentation necessary to evaluate the various safety aspects of the impoundment. This 

information lacked detail on subsurface conditions, engineering analysis and historical records on 

performance of the facility.  Therefore, supporting documentation was not sufficient with regard to a 

complete analysis of impoundment safety. 

1.3.4 Conclusions Regarding the Description of the CCW Impoundment 
The description of the CCW impoundment provided by CMPP for CDM Smith’s review appears to be 

consistent with the visual observations made by CDM Smith during the site assessment. However, the 

information provided by CMPP did not include record drawings for the CCW impoundment to assess 

discrepancies with the description provided in the 1980 USACE report.  

1.3.5 Conclusions Regarding the Field Observations 
CDM Smith staff was provided access to all areas of the CCW impoundment for observation and 

inspection by plant personnel. In addition, a plant representative accompanied CDM Smith staff during 

visual inspection of the impoundment. No visual evidence of prior ash slurry releases, embankment 

failures, or repairs were observed during CDM Smith’s site visit. In general, the embankments 

appeared to be in fair condition, with most of the vegetation on embankment outside slopes of the 

impoundment mowed allowing visual examination.  Some inside slopes of the impoundment 

embankments (primarily forming the northeast and east perimeter of the impoundment) contained 

overgrown vegetation and trees with diameters as large as 36 inches.  

Shrinkage cracks were observed on the crest of the west embankment, and also erosion features on 

the inside slopes of the west and south embankments. The collection basin for the outfall drain of the 
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impoundment appeared to be in good condition, with water flowing freely through the top of the basin 

at the time our visit.  

1.3.6 Conclusions Regarding the Adequacy of Maintenance and Methods of 
Operation 
Documentation was not available to confirm these inspections.  Observations of the embankment 

slopes showed evidence of recent mowing, and the plant representative indicated mowing occurs on a 

periodic basis (as needed). The plant representative also indicated the occasional need for removal of 

burrowing rodents and repair of the embankment associated with these animals.  Documentation on 

the frequency of maintaining these mowed areas and removal of rodents was not included in 

information provided to CDM Smith by CMPP.   

The limited amount of data available documenting the maintenance and operation procedures for the 

CCW impoundment is not sufficient to allow CDM Smith to make an evaluation of the adequacy of the 

maintenance and operations for the impoundment.  The lack of regular documentation for current 

maintenance and methods of operation of this CCW impoundment makes these practices inadequate. 

1.3.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring 
Program 
According to the plant representative, the impoundment is inspected twice a year. The CMPP 

surveillance, recording, and monitoring program appears to comply with MDNR National Pollutant 

Discharge and Elimination System (NPDES) permit requirements. The NPDES permit does not require 

groundwater monitoring for the CMPP CCW impoundment since ash is dredged from the pond on a 

routine demand.   

1.3.8 Classification Regarding Suitability for Continued Safe and Reliable 
Operation 
Based on visual observations of the CCW impoundment, review of available documentation (i.e., 

USACE evaluation and Terracon report) and conversations with the plant representative, the 

impoundment will generally perform in a safe manner with regard to structural stability during a 50 

percent PMP event.  

Information provided by CMPP did not include engineering design information for the impoundment. 

Due to the lack of design information, CDM Smith believes the CCW impoundment’s performance is 

vulnerable to potential problems during a variety of conditions beyond a 50 percent PMP.  

The CMPP did not have a formal inspection, maintenance and operation programs. It is the opinion of 

CDM Smith that the condition of the CCW impoundment at the Columbia Municipal Power Plant for 

continued safe operation is POOR for continued safe and reliable operation. 

1.4 RECOMMENDATIONS 
1.4.1 Recommendations Regarding the Hydrologic/Hydraulic Safety 
The previous hydrologic safety evaluation performed by the USACE found the impoundment did not 

meet requirements for drainage capacity for a design storm (75 percent of a PMP event.) Based on the 

previous hydrologic deficiencies and lack of documented improvements to the embankments 

associated with items, CDM Smith recommends that new hydrologic/hydraulic analysis be performed 
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for the ash pond.  This evaluation should include required actions to achieve safe and reliable 

operation of the facility, taking into consideration current operations and conditions. 

1.4.2 Recommendations Regarding the Description of the CCW impoundment 
A current topographic survey, dated March 2012, was provided to CDM Smith by CMPP during the site 

visit.   The elevations included on the drawings reference the North American Vertical Datum of 1988 

(NAVD 88), while elevations referenced in the USACE Phase I report references the mean sea level 

(MSL) datum.  The USACE Phase I report indicates the crest of the dam was at El. 773.0 MSL.  The 

March 2012 survey shows the crest at El. 770.0 (NAVD 88).   CDM Smith recommends a revision to the 

March 2012 survey drawings to include the conversion between NAVD88 and MSL to facilitate comparison 

of the dam’s physical attributes over time. 

1.4.3 Recommendations Regarding the Field Observations 
The following are CDM Smith’s recommendations: 

a. The state of Missouri requires coal plants to have an emergency action plan (EAP) in 

case of a CCW impoundment release. CDM Smith was not provided with an EAP when 

requested.  An EAP should be prepared for the impoundment. 

b. Shrinkage cracks on the crest of the west embankment (dam) should be documented; 

backfilled and grass cover should be established to protect the surface from shallow 

erosion and slope failures.  Irrigation and periodic inspections should be conducted to 

maintain these grass covered slopes. 

c. Erosion was observed on the inside slopes of the west and south embankments. To 

restore areas of erosion, it is recommended to place and compact structural fill or 

riprap in eroded areas and grade to adjacent contours.  

d. Animal burrows were observed and have reportedly been an ongoing problem.  Areas 

disturbed by animal activity should be documented, the animals removed, and the 

burrows backfilled with compacted structural fill to protect the integrity of the 

embankments.  

e. The removal of trees, shrubs and bushes on or near the embankment is 

recommended. The greatest density of this vegetation was observed along the east 

and north-east portions of the embankment. Vegetation removal should include the 

majority of roots within the footprint of the embankment. Compacted structural fill 

should be used to backfill excavations and holes made in the embankment areas 

before restoring final grades with compacted native materials free of debris and 

organic materials.  

1.4.4 Recommendations Regarding the Surveillance and Monitoring Program 
The CMPP surveillance, recording, and monitoring program appears to comply with MDNR NPDES 

permit requirements. The NPDES permit does not require groundwater monitoring for the CMPP CCW 

impoundment. Although there is no MDNR requirement for groundwater monitoring, CDM Smith 

recommends a system of groundwater monitoring wells be installed and regular measurements of 

water levels be recorded.  
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Although some potential inconsistencies exist in regard to the datum used to measure the crest 
elevation, there has been a drop in crest elevation of the dam. COM Smith recommends CMPP establish 
a settlement monitoring program for the embankment crest. Records of settlements should be kept 
regularly in order to monitor and address any unusual embankment movements. The settlement 
monitoring program could be part of a formal inspection program developed for the facility. 

1.4.5 Recommendations Regarding the Technical Documentation for Structural 
Stability 
It is recommended that a qualified professional engineer evaluate th e static and seismic stabili ty on 
representative embankment cross sections and perform liquefaction analyses for the ash pond. Also, 
because there is a lack of adequate information regard ing foundation construction materials of the 
embankment, COM recommends that boring and geotechnical analyses, including liquefaction 
analyses, be performed. If geotechnical analysis shows that foundation so ils in the embankment are 
not susceptible to liquefaction, informal liquefaction analyses could be adequate. 

1.4.6 Recommendations Regarding Continued Safe and Reliable Operation 
COM Smith recommends th e hydrolog ic/hydraulic analysis for drainage of the impoundment during a 
PMP event be completed within the next year. The analysis should necessarily ensure the 
impoundment can pass 75 percent of a PMP event without overtopping. Other recommendations, 
made above, should also be addressed within the next year if possible to ensure continued safe and 
rel iable operation. 
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Section 2 

DESCRIPTION OF THE COAL COMBUSTION WASTE 

IMPOUNDMENT  

2.1 LOCATION AND GENERAL DESCRIPTION 
The Columbia Municipal Power Plant is located in Boone County at 1501 Business Loop 70 East, 

Columbia, Missouri 65201. The plant is located on the south side of Moore’s Lake Road (Business Loop 

70E), at the intersection of Edison Street as shown in Figure 2-1.  

The plant has one Coal Combustion Waste impoundment that stores both fly ash and bottom ash 

slurries. An aerial view of the impoundment (locally known as Moore’s Lake) is shown in Figure 2-2. 

The impoundment is located within the Columbia metropolitan area, between Interstate 70 and 

Business Loop 70. The CCW impoundment’s perimeter embankments are approximately 2,800 feet 

long and approximately 15 feet high.  

Table 2-1 shows a summary of the approximate size and dimensions of the CCW impoundment. 

Table 2-1 – Summary of CCW Impoundment Dimensions and Geometry 

CCW Impoundment 

Embankment Height (ft)
1
 15 

Average Crest Width (ft) 15 

Length (ft)
2
 2,800 

Interior Slopes H:V 3:1 

Exterior Slopes H:V 4:1 
1
Based on Engineering Surveys & Services Drawing, “Topographic Survey Sheet 4 of 9”, dated March 2012.

 

2
Length measured along perimeter crest of impoundment 

 

2.1.1 Horizontal and Vertical Datum 
The topographic survey drawings CMPP provided CDM Smith reference the North American 

Horizontal Datum of 1983 (NAD 83). The elevations on the drawings reference the North American 

Vertical Datum of 1988 (NAVD 88). 

2.1.2 Site Geology 
The site is located on an unnamed tributary of Bear Creek in the Dissected Till Plains Section of the 

central Lowland Physiographic Province.  Loess-mantled Kansas drift covers the surface of most of the 

Dissected Till Plains Section.  The section is distinguished from the Young Drift Section to the north 

and from the Till Plains on the east by the stage it has reached in the post-glacial erosion cycle.  

Broadly generalized, this section is a nearly flat till plain sub-mature to mature in its erosion cycle.   

The topography at the site is rolling to hilly with U- to V-shaped valleys.  Elevation of the ground 

surface ranges from 710 feet above Mean Sea Level (M.S.L) at the CCW impoundment to 750 feet 

above M.S.L. approximately 0.25 miles from the site.  The regional geology beneath the glacial outwash 

deposits in the CCW impoundment area as shown on the Geologic Map of Missouri (1979) consist of 
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Pennsylvania age undifferentiated age rocks, the Pennsylvania Marmaton-Cherokee Group (cyclic 

deposits of shale, limestone and sandstone), Mississippian age Burlington Limestone (cherty, grayish 

brown, sandy limestone), Devonian age rocks of Sulphur Springs Group (Glen Park Limestone and 

Grassy Creek Shale). 

2.2 COAL COMBUSTION RESIDUE HANDLING 
2.2.1 Fly and Bottom Ash 
The CCW impoundment is used as a settling pond for CCW, receiving the following effluents from the 

power plant through three separate inlet pipes:  

 Bottom ash and fly ash slurries , and boiler blow-down – approximately 10-inch-diameter metal 

pipe; 

 Cooling towers blow-down and overflow slurries – approximately 7-inch-diameter PVC pipe; 

and 

 Stormwater runoff – approximately 18-inch-diameter concrete pipe. 

The ash slurry is discharged into the southeastern portion of the impoundment.  As the water 

evaporates from the ash slurry, it takes a more-solid form, separated out from the slurry and spread to 

air-dry. Dried ash is stockpiled, and in some cases distributed for other uses (such as traction control 

during winter and mine stabilization) or disposed offsite. There was no documentation for CDM 

Smith’s review regarding ash and related impoundment operations at the time of the assessment.  

2.2.2 Boiler Slag 
Columbia Municipal Power Plant does not produce boiler slag.   

2.2.3 Flue Gas Desulfurization Gypsum 
Columbia Municipal Power Plant does not have flue gas desulfurization equipment. 

2.3 SIZE AND HAZARD CLASSIFICATION 
According to a 1980 report on Moore’s Lake Dam by the USACE, St. Louis District (See Appendix C), 

the CCW impoundment dam was determined to fall in the “small” category as defined in the 

“Recommended Guidelines for Safety Inspection of Dams”.  The size classification was a result of the 

impoundment having a capacity of about 45 acre-feet, and the height of the contained slurry falling 

within the range of 25 to 40 feet.  The size of the dam forming the current impoundment is about the 

same as it was during the USACE study in 1980, and therefore would still be considered in the “small” 

size category. 

The USACE report classified the dam as having a “high” hazard potential in the National Inventory of 

Dams. The classification was based on the determination that a failure in the impoundment perimeter 

embankment would result in CCW discharge causing excessive damage to downstream property, and 

could result in loss of life.  

The MDNR categorizes Moore’s Lake Dam as Class I in terms of the Downstream Environment 

(Missouri Regulation 10 CSR 22-040 describes three downstream environmental classes for the 

downstream environmental zone: classifications range from 1 to 3 with a Class 1 the highest hazard 
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potential).  According to the MDNR’s website, a Class I dam’s downstream zone contains 10 or more 

permanent dwellings or any public building. 

According to the USACE Guidelines for Safety Inspection of Dams (1979) (ER 1110-2-106), 

impoundments are categorized per Table 2-2 

Table 2-2 – USACE ER 1110-2-106 Size Classification 

Category 
Impoundment 

Storage (Ac-ft) Height (Ft) 

Small 50 to < 1000 25 to < 40 

Intermediate 1000 to < 50,000 40 to < 100 

Large > 50,000 > 100 

 
The normal pool storage capacity of the CCW impoundment is approximately 15 Acre-feet. The 

maximum storage capacity of the CCW impoundment is approximately 45 Acre-feet. The 

impoundment has a maximum embankment height of approximately 15 feet. The CCW 

impoundment’s storage capacity and embankment heights are less than the minimums of a SMALL 

impoundment.  

It is not known if the Station impoundments currently have an assigned Hazard Potential 

Classification.  Based on the USEPA classification system as presented on Page 2 of the USEPA 

checklist (Appendix B) and CDM Smith’s review of the site and downstream areas, recommended 

hazard ratings have been assigned to the impoundment as summarized in Table 2-3: 

Table 2-3 – Recommended Impoundment Hazard Classification Rating 

Unit Recommended Hazard Rating Basis 

CCW Impoundment High Hazard 
High economic loss 

Loss of human life expected 

2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY 
CONTAINED IN THE IMPOUNDMENT AND MAXIMUM 
CAPACITY 
The CCW impoundment stores both fly ash and bottom ash slurries. The impoundment storage 

capacities are summarized in Table 2-4. The impoundment is currently active and one acre is used for 

storing dry ash on the southern portion of the pond and is not considered an active area of the pond 

that receives sluiced ash. CCW is sluiced into the southern portion of the pond. CWLD provided 

bathymetric survey of the CCW impoundment, dated July 26, 2013, showing that the available storage 

capacity in Moore’s Lake was approximately 23.3 acre-feet.   Based on the stated maximum storage 

volume stated in the USACE Report on Moore’s Lake Dam, dated December 1980, there is 

approximately 21.7 acre-feet of CCW currently stored in the CCW impoundment.  

Table 2-4 – Summary of CCW Impoundment Capacity 

CCW Impoundment 

Surface Area (acre)
1
 6 

Storage Volume – Normal Pool (Acre-Feet)
2
 15 

Storage Volume – Top of Embankment (Acre-Feet) 
2
 45 

1
Based on information provided by CWLD 

2 Based on data in USACE St. Louis Report on Moore’s Lake Dam dated December 1980.  
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2.5 PRINCIPAL PROJECT STRUCTURES 
2.5.1 Earth Embankment 
The exterior slopes of the CCW impoundment’s perimeter embankments were approximately 4H:1V 

and the interior slopes were approximately 3H:1V, with crest widths ranging from 20 feet for the west 

and north embankments, to 10 feet wide for the east embankment. The crest of the south 

embankment is not clearly defined because it is continuous with the adjacent plant grades to the 

south. The height of the west embankment, considered the “dam” (downstream containment) portion 

of the impoundment, is listed as 30 feet on MDNR’s website.  A topographic survey performed by 

Engineering Surveys and Services (ESS) in March 2012 established the approximate height of the dam 

at approximately 15 feet.   

2.5.2 Outlet Structure 
The outlet structure serving to discharge water from the ash pond is located near the southwest 

corner of the impoundment.  This was the only outlet structure observed during CDM Smiths site visit 

(4-inch-diameter and 10-inch-diameter outlet pipes were referenced in the USACE report, but could 

not be located), and consisted of an 8-inch-diameter ductile iron (DI) pipe with the following 

geometry: 

 Top-of-Pipe elevation of 765.8 for the horizontal portion of the pipe;  

 Top of the outfall elevation of 769.3, with a flow elevation of 767.5; 

 Connected to the DI pipe is an 8-inch-diameter polyvinyl chloride (PVC) pipe that directs 

discharge water to a manhole located near the midpoint of the west side of the dam, close to the 

toe of the slope; 

 The manhole is connected to a 12-inch-diameter reinforced concrete pipe (RCP) directing the 

water by gravity flow to an unnamed tributary of Bear Creek. 

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES 
DOWNGRADIENT 
Critical infrastructure within five miles downgradient of the dam includes the City of Missouri Water 

and Light storage facilities, Interstate Highway 70, State Highway 763, an area of commercial 

development that includes a health care facility, and residential subdivisions. Figure 2-3 shows a 

critical infrastructure map of the area. 

A breach of one or more of the embankments forming the impoundment would inundate areas 

downstream containing infrastructure while also creating a high risk of loss of human life. 
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Section 3 

SUMMARY OF RELEVANT REPORTS, PERMITS, AND 

INCIDENTS 

3.1 SUMMARY OF REPORTS ON THE SAFETY OF THE CCW 
IMPOUNDMENT  
At the time of CDM Smith’s onsite assessment, representatives of the plant did not provide safety 

reports or related documentation over the time the CCW impoundment has been in operation.  

According to the representatives, there have been no known structural or operational problems 

associated with the CCW impoundment.  However, to date no documentation has been available to 

confirm or disprove this claim. 

3.2 SUMMARY OF LOCAL, STATE, AND FEDERAL 
ENVIRONMENTAL PERMITS 
Under the National Pollutant Discharge Elimination System (NPDES), the power plant is permitted by 

the MDNR, authorizing discharge of water from the impoundment into Moore’s Lake. Water 

discharged into this lake will enter an outfall structure discharging excess water from the lake into 

Bear Creek via an unnamed tributary.  The permit number is MO-0004979, with effective and 

expiration dates of July 6, 2012 and July 5, 2017, respectively. 

3.3 SUMMARY OF SPILL/RELEASE INCIDENTS 
According to the CMPP representatives, there have been no known spills or releases related to the 

impoundment. No documentation was available to confirm or disprove this claim. 
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Section 4 

SUMMARY OF HISTORY OF CONSTRUCTION AND 

OPERATION 

4.1 SUMMARY OF CONSTRUCTION HISTORY 
4.1.1 Original Construction 
Construction of Moore’s Lake Dam (MLD) began in the late 1800’s for recreational purposes.  

Completion of the dam likely occurred sometime between 1896 and 1904.  A CMPP plant 

representative indicated MLD was first used as a CCW pond in the 1950’s. MDNR’s website states MLD 

is 30 feet high. A topographic survey performed by Engineering Surveys and Services (ESS) in March 

2012 established the approximate height of the dam at 15 feet.  Design drawings or as-built drawings 

for the impoundment were not available for comparison to MDNR records. 

The CCW impoundment was originally constructed as a recreational site referred to as Moore’s Lake. 

Overall grades in the area of the lake slopes down to the west/northwest.  The lake was formed by 

constructing a dam northwest of the lake’s current location to collect and retain surface water that 

flowed to the northwest (downstream) at the time of its construction (side-hill configuration).  CMPP 

did not provide CDM Smith with information related to the original dam design parameters or the 

materials used on construction of the dam.   

Moore’s Lake Dam is a side-hill, earthen dam, with a pool area of approximately 6 acres. From the ESS 

survey drawings, the outside slope of the dam is approximately 4H: 1V, with a crest width of 

approximately 20 feet.  The lowest dam crest elevation was approximately El. 770.0, with a pool 

elevation (measured on October 5, 2011) at El. 768.0.  The embankment crest was generally higher in 

elevation (El. 778.0+) along portions of the east perimeter of the impoundment. 

4.1.2 Significant Changes/Modifications in Design since Original Construction 
The plant representative interviewed by CDM Smith was not aware of any major changes or 

modifications to the CCW impoundment design.  The USACE report (describing an interview with a 

plant representative, Mr. Gary Anderson) indicates that the height of the dam was increased by 1 or 2 

feet in 1970.  Mr. Anderson also indicates he does not know the purpose of this modification.   

The USACE Phase I report indicated the average exterior slope of the dam embankment 

(impoundment’s west embankment) was 1.5H: 1V. The March 2012 ESS survey shows the exterior 

slope of the impoundment’s west embankment is approximately 4H: 1V.  CMPP plant representatives 

were not aware of any modifications made to the exterior slope of the impoundment’s west 

embankment.  

4.1.3 Significant Repairs/Rehabilitation since Original Construction 
Visual observations of the CCW impoundment indicate no significant repairs/rehabilitations have 

been made to the CCW impoundment, and discussions with plant personnel confirmed there have not 

been any major repairs.  Minor backfilling of rodent excavations have occurred in the past. 
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4.1.3 Significant Repairs/Rehabilitation since Original Construction 
Visual observations of the CCW impoundment indicate no significant repairs/rehabilitations have 

been made to the CCW impoundment, and discussions with plant personnel confirmed there have not 

been any major repairs.  Minor backfilling of rodent excavations have occurred in the past. 

4.2 SUMMARY OF OPERATIONAL PROCEDURES 
4.2.1 Original Operational Procedures 
The plant representative did not have a written manual of operational procedures for the CCW 

impoundment.  The plant representative provided a verbal description of the procedures for 

operation of the impoundment as follows: 

1. Wet CCW is sluiced to the southeast corner of the ash pond as a product of the regular 

cleanout of the coal furnaces. 

2. The sluiced ash discharges into the southeast corner of the impoundment, moving 

north and eventually west into the largest portion of the pond.  

3. Over time, the ash from the sluiced water-ash mixture settles out of suspension, 

dropping to the bottom of the pond. 

4. The water produced by the sedimentation process gradually migrates toward the 

outfall structure in the southwest corner of the impoundment where it is collected 

and discharged by gravity-flow into an unnamed tributary of Bear Creek. 

5. The ash sediment accumulating at the bottom of the impoundment is periodically 

dredged out and placed in areas adjacent on the south side of the pond at/or above 

the water level of the pond to allow the materials to dry. 

6. The dry ash materials are stockpiled in the central portion of the impoundment south 

perimeter, where it can eventually be transported offsite. 

4.2.2 Significant Changes in Operational Procedures and Original Startup 
There are no written operational procedures specifically addressing the CCW impoundment. Based on 

procedures described verbally by the plant representative and a history of procedures in the past, 

there have been no significant changes in operational procedures related to the CCW impoundment 

since original startup. 

4.2.3 Current Operational Procedures 
The plant representative did not indicate that significant changes to operation of the CCW 

impoundment have occurred since its use as a CCW impoundment.  

4.2.4 Other Notable Events since Original Startup 
Based on discussions with the plant representative, there have been no notable events since original 

startup of the CCW impoundment since its first use for this purpose. 
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Section 5 

FIELD OBSERVATIONS 

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS 
CDM Smith performed a visual assessment at the Columbia Municipal Power Plant on August 22 and 

August 23, 2012. The task included performing a visual assessment of the ash pond, and collecting 

relevant information regarding structural stability and design of the embankments and related 

structures. 

CDM Smith representatives Clement Bommarito and Albert Ayenu-Prah were accompanied by a 

power plant representative, Christian Johanningmeier, who is the Power Production Superintendent. 

The assessments were completed following the general procedures and considerations contained in 

the Federal Emergency Management Agency’s (FEMA) Federal Guidelines for Dam Safety (April 2004) 

regarding settlement, movement, erosion, seepage, leakage, cracking, and deterioration. Two USEPA 

forms were completed on-site for the impoundment during the site visit: 

 A Coal Combustion Dam Inspection Checklist, and 

 CCW Impoundment Inspection Form. 

Copies of the forms are included in Appendix B. Photographs and photograph locations are included in 

Appendix D. 

The weather on the days of the site visit was mostly clear with a high temperature of 99 degrees 

Fahrenheit and a low temperature of 61 degrees Fahrenheit. According to the National Weather 

Service, daily precipitation prior to, and on the day of, the assessment is shown in Table 5-1. 

Table 5-1: Daily Total Precipitation for Week Prior to Assessment 

Site Visit on August 22 and August 23, 2012 

Day Date 
Precipitation 

(inches) 

Wednesday August 15 0.00 

Thursday August 16 0.00 

Friday August 17 0.00 

Saturday August 18 0.00 

Sunday August 19 0.00 

Monday August 20 0.00 

Tuesday August 21 0.00 

Wednesday August 22 0.00 

Thursday August 23 0.00 

Total August 15 – 23 0.00 
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5.2 CCW IMPOUNDMENT 
The CCW impoundment was originally constructed as a recreational site referred to as Moore’s Lake. 

Overall grades in the area of the pond slopes down to the west/northwest.  The lake was formed by 

constructing a dam northwest of the lake’s current location to collect and retain surface water that 

flowed to the northwest (downgrade) at the time of its construction (side-hill configuration). The 

remainder of the impoundment perimeter is defined by an east embankment and to the south, an 

irregular shoreline.  Grades along the south perimeter of the impoundment generally match power 

plant areas to the south, making the crest and outer slope of any south embankment indistinguishable. 

5.3 EARTH EMBANKMENT 
5.3.1 Crest 
The north and west embankment crest of the CCW impoundment appeared to be in fair condition (See 

Photograph 5.1), and the crest of the east embankment was in good condition (See Photograph 5.2). 

The widths of the west and north embankment crests are approximately 20 feet wide, and the crest of 

the eastern embankment is about 10 feet wide. The crest of the south and west embankment are 

partially covered by a gravel drive from the plant to the toe area of the west embankment (See 

Photograph 5.3). Grades along the south impoundment perimeter generally match the grades of the 

adjacent plant, so no clearly defined crest is apparent. 

Shrinkage cracks were observed on the crest of the west embankment; the cracks were about an inch 

in width (See Photograph 5.4).  Animal burrows were observed at sporadic locations on the west, 

north, and east embankments, with diameters of borrow excavations up to 5 inches wide. (See 

Photograph 5.5). 

Embankment crests not covered in gravel were generally vegetated with trimmed grass of up to about 

4 inches in height, with the exception of the west embankment crest where patches of grass up to 10 

inches high were observed. 

5.3.2 Inside Slope 
The exposed portions of the inside slopes of the embankments appeared to be in fair condition. The 

inside slopes appeared to have a slope of approximately 3H: 1V.  

The inside slope of the west embankment was generally covered with vegetation up to 24-inches high. 

The north embankment inside slope of the north embankment was covered with tall dense vegetation. 

Some of the eastern portions of this embankment contained trees up to 30 inches in diameter (See 

Photograph 5.6). The inside slope of the east embankment was also densely vegetated, with widely 

spaced trees up to 36 inches in diameter.  

Most of the central and eastern areas of the south impoundment perimeter are covered with 

stockpiled dried coal ash (See Photograph 5.7). The western third of the inside slope of the south 

impoundment perimeter contained vegetation up to about 5 feet in height. 

Evidence of erosion was observed on the inside slope of the west embankment (See Photograph 5.8). 

The inside slope of the south impoundment perimeter  also showed evidence of isolated erosion soil 

loss at  three locations, with one of these eroded areas about five feet in width (See Photograph 5.9). 
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There is riprap armoring along the southwest inside slope of the impoundment, possibly placed to 

mitigate prior erosion effects at this location (See Photograph 5.10). 

5.3.3 Outside Slope and Toe 
The outside slopes and toes of the embankments appeared to be in good condition (See Photograph 

5.11). The outside slopes of the embankment perimeter were approximately 4H: 1V or flatter. In 

general, the slopes were vegetated with grass of approximately 4 to 18 inches in height (See 

Photograph 5.12), brush, and shrubs. No visual evidence of animal burrows, shrinkage cracks, 

erosion or seepage was observed on the outer slopes and at the toe of these slopes. 

5.4 OUTLET STRUCTURES 
5.4.1 Overflow Discharge Structure 
The overflow discharge structure consists of an 8-inch ductile iron pipe that discharges into a manhole 

near the toe of the dam. This structure is part of the outlet conduit and visual observations indicated it 

was in good condition and functioning during CDM Smith’s visit to the site. The inlet to this structure 

was covered with a steel grate to prevent trash flowing into the overflow system, and the structure 

was surrounded by a filtering pig sock. The top of the overflow structure was at El. 769.3 (See 

Photograph 5.13). 

5.4.2 Outlet Conduit 
The outlet conduit is an 8-inch diameter ductile iron pipe with a top-of-pipe elevation at El. 765.8. The 

8-inch diameter pipe serves as a gravity-flow conduit from the overflow structure to a manhole 

located near the toe of the dam.  This manhole is connected to a 12-inch diameter RCP (See 

Photograph 5.14) that directs the water to an unnamed tributary of Bear Creek. 

5.4.3 Emergency Spillway 
The overflow structure/outlet conduit system serves as the spillway for the CCW impoundment. 

5.4.4 Low Level Outlet 
Based on our visual observations at the site and limited information provided by CMPP 

representatives, the impoundment does not have a low level outlet. 
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Section 6 

HYDROLOGIC/HYDRAULIC SAFETY 

6.1 SUPPORTING TECHNICAL DOCUMENTATION 
6.1.1 Flood of Record 
The plant representative for CMPP did not have documentation related to flood history or the flood of 

record to provide to CDM Smith for review.  According to the plant representative, there has been no 

known flooding of the impoundment. 

6.1.2 Inflow Design Flood 
The only information provided by CMPP related to the inflow design flood was contained in the USACE 

Inspection Report for Moore’s Lake Dam, prepared by the St. Louis District, and issued in December 

1980.  In this report, a peak inflow of 592 cubic feet per second (cfs) into the impoundment was used 

for the hydraulic/hydrologic analysis related to a Probable Maximum Flood (PMP event).  The USACE 

calculated a peak outflow capacity for the existing outflow system of the impoundment as PMP event 

of 282 cfs.  

The USACE analytical model for hydraulic inflow and outflow during a PMP Event resulted in 

overtopping of the dam (northwestern portion of the perimeter embankment) by 0.8 feet for a 

duration of 9 hours.  PMP event Based on the current reservoir/spillway system, approximately 50 

percent of the PMP event could occur, before overtopping of the dam.  

The USACE evaluation also indicated the reservoir/spillway system could accommodate a 100-year 

flood without overtopping.  The elevation data used in the December 1980 USACE report are as shown 

in Table 6-1.  The storage data for the reservoir used in the report are as shown in Table 6-2.  For 

comparison, the elevation data from CDM Smith’s recent on-site visit are as shown in Table 6-3.  The 

Federal Emergency Management Agency (FEMA) “Federal Guidelines for Dam Safety – Selecting and 

Accommodating Inflow Design Floods for Dams”, (April 2004), considers the PMP event as the upper 

limit of the Inflow Design Flood (IDF): 

Table 6-1: Elevation Data for Moore’s Lake Dam in 19801  

(Feet Above Mean Sea Level) 

Top of Dam (minimum) 773.0 

Spillway Crest 769.0 

Normal Pool 769.0 

Maximum Experienced Pool Unknown 

Observed Pool 768.9 
1Based on data contained in Phase I Inspection Report – National Dam Safety Program by the USACE St. Louis District dated 
December 1980 
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Table 6-2: Storage Data for Moore’s Lake Dam in 19801  

(Acre-Feet) 

Top of Dam (Crest  minimum) 45 

Spillway Crest 15 

Normal Pool 15 

Maximum Experienced Pool Unknown 

Observed Pool 15 
1Based on data contained in Phase I Inspection Report – National Dam Safety Program by the USACE St. Louis District dated 
December 1980 

Table 6-3: Elevation Data for Moore’s Lake Dam in 2012 

(Feet Above Mean Sea Level) 

Top of Dam (minimum)
1
 770.0 

Normal Pool 768.0 

Maximum Experienced Pool Unknown 

Observed Pool Unknown 
1Based on survey drawings provided by CMPP during CDM Smith’s on-site visit on August 22 – August 23, 2012: Appendix C 

6.1.3 Spillway Rating 
According to the December 1980 USACE report, the maximum capacity of the spillway just before 

overtopping the dam is 4 cfs. 

6.1.4 Downstream Flood Analysis 
No downstream flood analysis could be provided by CMPP for the impoundment at this facility. CDM 

Smith has reviewed a qualitative analysis based on data provided in the USACE report issued in 1980 

and also made visual observations of areas downstream of the ash pond. Based on the December 1980 

USACE evaluation, a dam breach would affect an area approximately 2 miles downstream of the 

reservoir. Facilities within this two-mile zone include the City of Columbia Water and Light Storage 

Facilities, Interstate Highway 70, and an area of commercial development that includes a health care 

facility. Based on this projected zone of influence, a breach of the dam or containment embankments 

could cause extensive damage to the property downstream of the dam and probable loss of human life.  

6.2 ADEQUACY OF SUPPORTING TECHNICAL 
DOCUMENTATION 
The supporting hydrologic/hydraulic documentation available with the CMPP is considered 

inadequate for this CCW impoundment by virtue of the fact that the available documentation is from 

December 1980.   

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY 
According to the December 1980 USACE report, the CCW impoundment does not have adequate 

hydrologic/hydraulic safety. According to the report, the reservoir/spillway system could 

accommodate only 50 percent of the PMP event without overtopping the dam. MDNR requires that the 

impoundment passes 75 percent of the PMP event. Including the change in minimum top-of-dam 

elevation from El. 773.0 in December 1980 to El. 770.0 in August 2012 increases the likelihood of 

overtopping from a 75 percent PMP event. 
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Section 7 

STRUCTURAL STABILITY 

7.1 SUPPORTING TECHNICAL DOCUMENTATION 
7.1.1 Stability Analyses and Load Cases Analyzed 
CMPP did not provide documentation containing stability analyses for CDM Smith review. MDNR 

recommends guidelines for stability evaluation for new dams and modifications to existing dams.  

These guidelines include procedures established by the USACE, the United States Bureau of 

Reclamation, the Federal Energy Regulatory Commission, and the United States Natural Resources 

Conservation Service. MDNR requires that engineering analyses for new dams meet the minimum 

safety criteria in the Missouri Code of Safety Regulations (CSR) and the dam safety law. MDNR defines 

new dams as those constructed after August 13, 1981.  According to the CSR, engineers do not have to 

show that existing dams, such as Moore’s Lake Dam meet the stability criteria unless significant 

modifications are made to the height, slope or water storage elevation of the earthen structure. 

7.1.2 Design Parameters and Dam Materials 
The CMPP representative had limited information on soil conditions in one area of the impoundment, 

but otherwise did not have complete documentation to provide CDM Smith related to design 

parameters and dam materials.  The representative provided CDM Smith with a copy of a geotechnical 

engineering report completed by Terracon of Columbia, Missouri, dated March 2, 2004 (see Appendix 

C).  The report provides subsoil information near the southeast corner of the CCW impoundment in 

the vicinity of the discharge piping and related structures.  The subsurface investigation included 

three (3) borings with sampling and three (3) cone penetrometer tests (CPT).  Borings were extended 

to El. 719 (depth of 54.5 feet), with the exception of boring B-1, terminated at refusal in a layer of 

concrete rubble at El. 765.5 (depth of 8 feet.)  CPT tests were terminated at El. 754 (depth of 19.5 feet) 

to El. 751 (depth of 22.5 feet).   

The Terracon Logs of Boring identified the top 8 to 15 feet of soil as fill, typically soft to medium-stiff 

in consistency.  This fill contained various amounts of gravel, cobbles, coal cinders and coal ash.  The 

fill materials were underlain by medium stiff to very stiff, lean to fat clay.  Occasional layers of sand 

and sandy silt were encountered as shallow as 18 feet, and extended as deep as 33 feet below the 

existing grade.  Weathered shale was encountered at a depth of approximately 53 feet, extending to 

boring termination 54.5 feet below existing grade.  More detailed descriptions of the subsurface 

conditions encountered and results of the CPT testing are provided in Appendix C. 

Groundwater was encountered in the two deepest borings, stabilizing at a depth of approximately 6 

feet below the existing grade.  Groundwater was not observed in the boring terminated at a depth of 8 

feet below the existing grade. 

The purpose of the 2004 Terracon investigation report was to describe the subsurface conditions, 
evaluate test data, and provide geotechnical recommendations regarding earthwork necessary to 
complete design and construction of foundations and floor slabs for a proposed building near the 
southeast corner of the CCW impoundment.  The Terracon investigation did not include borings 
through the embankments and does not provide material properties of embankment soils that are 
needed to perform stability analyses.   
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7.1.3 Uplift and/or Phreatic Surface Assumptions 
Discussions with plant personnel indicated there are currently no piezometers or other groundwater 

monitoring devices for the impoundment.  Without this groundwater information, assumptions on the 

uplift forces or water levels cannot be accurately estimated.  The only water level information 

provided by the CMPP indicated water encountered at a depth of 6 feet below the existing ground 

surface (El. 766) at the location of borings B-2 and B-3.  This water level generally corresponds to the 

water surface in the pond. 

CDM Smith’s visual observations of the outside embankment slopes, including the ground surface 

conditions at the toe, did not indicate seepage at the ground surface.  The lack of seeps on the ground 

surface on these outside slopes is a general indication that the phreatic surface drops below elevations 

measured in the borings downslope of the locations where these borings were made (southeast 

corner of the site).  CDM Smith cannot make assumptions on phreatic surface and potential for uplift 

of the earthen structures and surrounding areas without more detailed information of soil 

stratigraphy and groundwater levels in the area of the impoundment. 

7.1.4 Factors of Safety and Base Stresses 
CMPP did not have analysis of slope stability of critical sections of the embankment perimeter to 

provide CDM Smith for review.  Without this documentation, CDM Smith cannot perform an evaluation 

of the adequacy of factors of safety of existing slopes and the magnitude of base stresses for the 

embankments. 

As a general reference, Table 7-1 shows the minimum required factors of safety recommended by the 

USACE for new dams.  According to the USACE, if stability analyses for an existing dam appear 

questionable, long-term stability under steady-state seepage conditions, and rapid drawdown should 

be evaluated. It is not necessary to analyze end-of-construction stability for existing dams unless the 

cross section is modified. Table 7-2 shows recommended minimum required seismic factors of safety 

by the FEMA Federal Guidelines for Dam Safety, Earthquake Analyses and Design of Dams. 

Table 7-1: Minimum Required Factors of Safety: New Earth and Rock-Fill Dams1 

Analysis Condition 
Required Minimum Factor of 

Safety 
Slope 

End-of-Construction (including staged construction) 1.3 Upstream and Downstream 

Long-term (steady seepage, maximum storage pool, 
spillway crest or top of gates) 

1.5 Downstream 

Maximum surcharge pool 1.4 Downstream 

Rapid drawdown 1.1-1.3
2
 Upstream 

1
Table 3-1 in USACE’s EM 1110-2-1902, October 31, 2003 

2
FS = 1.1, drawdown from maximum surcharge pool; FS = 1.3, drawdown from maximum storage pool 

 

Table 7-2: Minimum Required Seismic Factors of Safety1 

Analysis Condition Required Minimum Factor of Safety 

Seismic Condition at Normal Pool Elevation 1.0 

Liquefaction 1.3 
1
FEMA Federal Guidelines for Dam Safety – Earthquake Analyses and Design of Dams (pgs. 31, 32, 38), May 2005 

7.1.5 Liquefaction Potential 
CDM Smith was not provided with documentation on liquefaction analysis. Available limited 

subsurface information indicates that soils below the embankments consist of fill underlain by 
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medium stiff to stiff clay. Medium dense to very dense sandy soils predominate below the medium stiff 

to stiff clays.  Stiff to hard clay is present below these sandy soils.  

The liquefaction susceptibility of the dense sandy soils and the hard clay is generally considered to be 

low.  However, the susceptibility can vary with the composition of the fill, and in some cases could 

potentially be high. Documentation provided by CMPP did not contain sufficient information for CDM 

Smith to assess liquefaction potential for the CCW impoundment. 

7.1.6 Critical Geological Conditions and Seismicity 
Moore’s Lake is located on an unnamed tributary of Bear Creek in Boone County.  The general area of 

the site has elevations ranging from about 800 feet to about 700 feet above mean sea level.  The 

topography is characterized by medium and narrow ridges with moderate to steep side slopes. The 

geology of the area ranges from the lower Ordovician to the middle Pennsylvanian age.  The 

formations include exposed dolomite and limestone outcrops to smaller areas of sandstone, coal and 

shale. Glacial till and loess overlie the Pennsylvanian age formation.  The glacial till is a heterogeneous 

mixture of clay, sand, and gravel, with fragments of sandstone, limestone, and coal.  

The USACE evaluation of geologic conditions at Moore’s Lake Dam completed in December of 1980 did 

not identify faults in the vicinity of the dam.  The closest known fault designated as Fox Hollow, is 

located about 15 miles south of the dam site.  The Fox Hollow fault had its last movement in post-

Mississippian geologic time; thus, it is reasonable to assume the fault has had no recent activity and 

should not influence the Moore’s Lake Dame and associated impoundment.  

Information on the website of the United States Geological Survey (USGS) was used to evaluate the 

risks related to seismic activity.  Based on a 2008 USGS seismic hazard map for Missouri, the dam site 

is located in an area with a potential to experience between 0.10g and 0.14g (horizontal) ground 

acceleration with a probability of exceedance of 2 percent in 50 years.  This level of seismic forces is 

considered a low hazard for the impoundment. 

7.2 ADEQUACY OF SUPPORTING TECHNICAL 
DOCUMENTATION 
CMPP did not have all of the necessary information for CDM Smith’s review to perform a review of 

structural stability or potential for liquefaction for the CCW impoundment.  Based on this lack of 

documentation, it is CDM Smith’s opinion the supporting technical documentation is inadequate for 

this facility. 

7.3 ASSESSMENT OF STRUCTURAL STABILITY 
Information provided by CMPP for use in CDM Smiths evaluation of the CCW impoundment did not 

include sufficient data regarding the structural adequacy or stability of the impoundment.  The limited 

data on the soil stratgraphy and strength data is therefore insufficient to provide an assessment of the 

structural stability of the embankments and dam of this CCW impoundment. 
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Section 8 

ADEQUACY OF MAINTENANCE AND METHODS OF 

OPERATION 

8.1 OPERATING PROCEDURES 
The information CMPP provided CDM Smith did not include a written set of operating procedures for 

the CCW impoundment.  The operation of the CCW impoundment was described verbally by a plant 

representative as described in Section 4.2.1of this report, wet CCW from the Power Plant is sluiced to 

the ash pond, where the ash is allowed to settle out.  Periodically, the ash is dredged out, allowed to 

dry and disposed offsite.  The water in the ash pond discharges into an unnamed tributary of Bear 

Creek. 

8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES 
CMPP provided no documentation on procedures or records of maintenance operations for the ash 

pond.  According to a plant representative, the embankments are periodically mowed by plant staff on 

an as needed basis, but records of this are not kept.  Although the inside slopes of the embankment 

were mowed at the time of our site visit, visual observations of the inside slopes of the north and east 

embankments were overgrown with trees and dense vegetation.   

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF 
OPERATIONS 
8.3.1 Adequacy of Operating Procedures 
Based on CDM Smith’s review of documents made available by CMPP, there are no written operating 

procedures for the ash pond.  The verbal description of CCW impoundment operation generally 

appears adequate, but CDM Smith recommends implementation of a written set of operating 

procedures and the establishment of a system for consistent documentation of the CCW 

impoundment. 

8.3.2 Adequacy of Maintenance 
In general, maintenance of the embankments and outlet structures of the impoundment appear 

adequate with regard to mowing and repair of rodent damage.  The overall maintenance of the 

impoundment is not considered adequate, particularly with regard to vegetation on the inside slopes 

of the north and east embankments and with regard to repair and protection of erosion of these 

slopes.  CDM Smith recommends maintenance issues described in this report be addressed, and 

methods such as the installation of riprap on areas subject to erosion be implemented. 
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Section 9 

ADEQUACY OF SURVEILLANCE AND MONITORING 

PROGRAM 

9.1 SURVEILLANCE PROCEDURES 
CMPP personnel indicated verbally they inspect the impoundment embankments twice a year. 

Documentation of these inspections, and any related actions taken with regard to their findings was 

not included in the information provided to CDM Smith. 

9.2 INSTRUMENTATION MONITORING 
At the time of CDM Smith’s on-site visual assessment, there were no monitoring instruments or 

observation wells installed.  CMPP personnel confirmed that monitoring equipment has not been 

installed. 

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING 
PROGRAM 
9.3.1 Adequacy of Surveillance Program 
Based on the documents reviewed by CDM Smith, the inspection program appears to be inadequate. 

9.3.2 Adequacy of Instrumentation Monitoring Program 
The current lack of instrumentation (observation wells) prevents CMPP from establishing an adequate 

monitoring program. 
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Appendix B 

Assessment Checklists 



Site Name:    Date:    
Unit Name:    Operator's Name:     
Unit I.D.:        Hazard Potential Classification: High    Significant    Low 
Inspector's Name:     

Check the appropriate box below.  Provide comments when appropriate.  If not applicable or not available, record "N/A".  Any unusual conditions or 
construction practices that should be noted in the comments section.  For large diked embankments, separate checklists may be used for different 
embankment areas. If separate forms are used, identify approximate area that the form applies to in comments.

 Yes No  Yes No 

1. Frequency of Company's Dam Inspections?  18. Sloughing or bulging on slopes?   
2. Pool elevation (operator records)?    19. Major erosion or slope deterioration?   
3. Decant inlet elevation (operator records)?  20. Decant Pipes:   
4. Open channel spillway elevation (operator records)?        Is water entering inlet, but not exiting outlet?   
5. Lowest dam crest elevation (operator records)?        Is water exiting outlet, but not entering inlet?   
6. If instrumentation is present, are readings 
    recorded (operator records)?         Is water exiting outlet flowing clear?   

7. Is the embankment currently under construction?   21. Seepage (specify location, if seepage carries fines, 
and approximate seepage rate below):   

8. Foundation preparation (remove vegetation,stumps, 
topsoil in area where embankment fill will be placed)?        From underdrain?   
9. Trees growing on embankment? (If so, indicate    
     largest diameter below)        At isolated points on embankment slopes?   
10. Cracks or scarps on crest?        At natural hillside in the embankment area?   
11. Is there significant settlement along the crest?         Over widespread areas?   
12. Are decant trashracks clear and in place?        From downstream foundation area?   
13. Depressions or sinkholes in tailings surface or  
      whirlpool in the pool area?        "Boils" beneath stream or ponded water?   
14. Clogged spillways, groin or diversion ditches?         Around the outside of the decant pipe?   
15. Are spillway or ditch linings deteriorated?   22. Surface movements in valley bottom or on hillside?   
16. Are outlets of decant or underdrains blocked?   23. Water against downstream toe?   
17. Cracks or scarps on slopes?   24. Were Photos taken during the dam inspection?   
Major adverse changes in these items could cause instability and should be reported  for 
further evaluation.  Adverse conditions noted in these items should normally be described (extent, location, 
volume, etc.) in the space below and on the back of this sheet. 

Inspection Issue # Comments    
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EXTRA PAGE – CCD INSPECTION CHECKLIST FORM – CITY OF COLUMBIA POWER PLANT, 

MISSOURI 

August 22, 2012 – August 23, 2012 

 

4.   8"‐diameter ductile iron pipe outlet with an outfall drain at elevation 769.3', discharging 

into a manhole located on the western downstream slope of dam; Operator did not provide 

datum on survey drawings. 

6. No instrumentation installed. 

9. Occasional cottonwood trees and dense, tall vegetation growing on interior slopes of north 

and east embankments; largest tree diameter is 36 inches on east embankment.  

10. Cracks appear to be desiccation cracks. 

19. Localized minor erosion on interior slope of south embankment. 



U. S. Environmental Protection Agency
 

 
Coal Combustion Waste (CCW)

                             Impoundment Inspection 

 
 
 Impoundment NPDES Permit #  _____________________       INSPECTOR______________________ 

Date ____________________________________ 
 
Impoundment Name ________________________________________________________ 
Impoundment Company   ____________________________________________________ 
EPA Region  ___________________ 
State Agency (Field Office) Addresss  __________________________________________
                                                               __________________________________________
Name of Impoundment  _____________________________________________________ 
(Report each impoundment on a separate form under the same Impoundment NPDES 
 Permit number) 
 
New ________ Update _________       
 
         Yes  No 
Is impoundment currently under construction?         ______        ______ 
Is water or ccw currently being pumped into 
the impoundment?                       ______        ______ 
 
 
IMPOUNDMENT FUNCTION: _____________________________________________
 
 
Nearest Downstream Town :    Name ____________________________________ 
Distance from the impoundment __________________________  
Impoundment 
Location: Longitude ______ Degrees ______ Minutes ______ Seconds 
   Latitude    ______ Degrees ______ Minutes ______ Seconds 
   State _________   County ___________________________ 
 
Does a state agency regulate this impoundment?  YES ______ NO ______ 
 
If So Which State Agency?___________________________________________ 
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HAZARD POTENTIAL  (In the event the impoundment should fail, the 
following would occur): 
 
______ LESS THAN LOW HAZARD POTENTIAL: Failure or misoperation of 
the dam results in no probable loss of human life or economic or environmental 
losses. 
  
______ LOW HAZARD POTENTIAL: Dams assigned the low hazard potential 
classification are those where failure or misoperation results in no probable loss of 
human life and low economic and/or environmental losses.  Losses are principally 
limited to the owner’s property.  
  
______ SIGNIFICANT HAZARD POTENTIAL: Dams assigned the significant 
hazard potential classification are those dams where failure or misoperation results 
in no probable loss of human life but can cause economic loss, environmental 
damage, disruption of lifeline facilities, or can impact other concerns. Significant 
hazard potential classification dams are often located in predominantly rural or 
agricultural areas but could be located in areas with population and significant 
infrastructure. 
 
______ HIGH HAZARD POTENTIAL: Dams assigned the high hazard 
potential classification are those where failure or misoperation will probably cause 
loss of human life. 
 
DESCRIBE REASONING FOR HAZARD RATING CHOSEN:  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
_________________________________________________________________  
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An evaluation of the coal ash retention pond performed in 1980 by the USACE St. Louis office estimated a dam breach would affect an area approximately 2 miles downstream of the pond.  Facilities within this two-mile zone include the City of Missouri Water and Light Storage facilities, Interstate Highway 70, and an area of commercial development that includes a health care facility.  Based on this projected zone of influence associated with breach of the dam or containment embankments, the pond has a high hazard potential because of the risk of economic loss and loss of human life.

AyenuPrahAY
Typewritten Text



 
 
CONFIGURATION: 

 
 

Height 

  

original 
ground 

CROSS-VALLEY 

Height 
original 
ground 

SIDE-HILL 

Water or ccw

DIKED 

original ground 
Height 

Height 

  

original 
ground 

CROSS-VALLEY 

Water or ccw 

original 
ground 

SIDE-HILL 

Height 

 
 original 

ground 
 
 

CROSS-VALLEY  
 
 
 
 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original 
ground 

SIDE-HILL 

original original 
ground ground 

SIDE-HILL SIDE-HILL 

original 
ground 

SIDE-HILL SIDE-HILL 

original 
ground Height 

SIDE-HILL SIDE-HILL SIDE-HILL 

Height Height 
original 
ground 
original 
ground Height 

SIDE-HILL 

original 
ground Height 

SIDE-HILL 

      Water or ccw 

 
original 
ground  Height 

 
 SIDE-HILL 

 
 
 
 
 
 
 

 
INCISED  

 
       Water or ccw 

original 
ground 

 
 
 
 

_____ Cross-Valley 
_____ Side-Hill 
_____ Diked 
_____ Incised (form completion optional) 
_____ Combination Incised/Diked 
Embankment Height __________ feet     Embankment Material_______________
Pool Area __________________  acres   Liner ____________________________    
Current Freeboard ___________  feet      Liner Permeability  _________________
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TYPE OF OUTLET (Mark all that apply)  

TRAPEZOIDAL
       

Avg 
Depth 

Bottom 
Width 

Depth 

 TRIANGULAR _____ Open Channel Spillway  
_____ Trapezoidal Top Width Top Width 

_____ Triangular 

RECTANGULAR IRREGULAR 

Depth 
_____ Rectangular 
_____ Irregular 
  
_____ depth 
_____ bottom (or average) width 

Width 

Depth 

Average Width 

_____ top width 

 
 
 

_____ Outlet 
 
_____ inside diameter    
 

 
Material Inside    Diameter 

_____ corrugated metal 
_____ welded steel 
_____ concrete 
_____ plastic (hdpe, pvc, etc.) 
_____ other (specify) ____________________ 
 

Is water flowing through the outlet?      YES _______   NO _______ 
 

 
_____ No Outlet 
 

_____ Other Type of Outlet (specify) ________________________________ 
 
 
The Impoundment was Designed By ____________________________________ 
__________________________________________________________________ 
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Has there ever been a failure at this site?   YES __________ NO ___________ 
 
If So When? ___________________________ 
 
If So Please Describe : _____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Has there ever been significant seepages  at this site?   YES _______ NO _______
 
If So When? ___________________________ 
 
IF So Please Describe:  _______________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Has there ever been any measures undertaken to monitor/lower
Phreatic water table levels based on past seepages or breaches 
at this site?                                                                   YES ________NO ________ 
 
If so, which method (e.g., piezometers, gw pumping,...)? ____________________ 
 
If so Please Describe :  ____________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
__________________________________________________________________ 
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Appendix C 

Documentation from Columbia Municipal Power Plant 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

Doc 01: Survey Drawings 
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Appendix C 

Doc 02: Geotechnical Engineering Report by Terracon 





















































 

 
 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 

Doc 03: USACE Report on Moores Lake Dam 

















































































































































































 

 
 

 

 

 

 

 

 

 

 

 

 

 

Appendix D 

Photographs 



 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.1. Crest of Dam Looking Northeast 
 

 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.2. Crest of East Embankment with Overgrown Vegetation and 
Tree on Inside Slope Looking South 



 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.3. Gravel Road on Downstream Slope of Dam 

 
 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.4. Crest of Dam Showing Shrinkage Cracks Looking North 

 



 

 

 

 

 

 

 

 

 

 
 

 

Photograph 5.5. Animal Burrow on North Embankment 
 

 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.6. North Embankment with Trees in Background Looking 
East 



 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.7. Drying Coal Ash on South Embankment Looking 
Northwest 

 
 

 

 

 

 

 

 

 

 

 
 

 

Photograph 5.8. Erosion Features on Inside Slope of West Embankment 
Looking North 



 

 

 

 

 

 

 

 

 

 

 

 
Photograph 5.9. Erosion Feature on Inside Slope of South Embankment 

 

 

 

 

 

 

 

 

 

 

 

 
 

Photograph 5.10. Riprap near Outfall Drain at Southwest Inside Slope 

 



 

 

 

 

 

 

 

 

 

 
 

 

Photograph 5.11. Outside Slope of Dam (West Embankment) Looking North 
 

 

 

 

 

 

 

 

 

 

 
 

 

Photograph 5.12. Outside Slope of Dam towards Equipment Storage Yard 
Looking Northwest 



 

 

 

 

 

 

 

 

 
 

 

 

Photograph 5.13. Overflow Structure Southwest of CCW Impoundment 
 

 

 

 

 

 

 

 

 

 

 

 

 
Photograph 5.14. Manholes for Overflow Structure on Exterior Slope of 
West Embankment Looking North 



Photograph Latitude Longitude
5.1 38.96697 -92.31811
5.2 38.96703 -92.31603
5.3 38.96625 -92.31847
5.4 38.96628 -92.31842
5.5 38.96725 -92.31689
5.6 38.96706 -92.31747
5.7 38.96578 -92.31703
5.8 38.96583 -92.31856
5.9 38.96581 -92.31800

5.10 38.96586 -92.31856
5.11 38.96592 -92.31875
5.12 38.96664 -92.31828
5.13 38.96583 -92.31847
5.14 38.96592 -92.31872

Coordinate Units: Decimal Degrees

Appendix D
Photo GPS Locations

Site: Columbia Municipal Power Plant
Datum: NAD 1983
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FIGURE 2-4

COLUMBIA MUNICIPAL POWER PLANT
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AERIAL PHOTOGRAPH SOURCE:
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Appendix E 

CDM Smith Memorandum of Explanation, 

Draft Report Comments 

 

 

 

 

 



 

 

Memorandum 
 
To: Jana Englander   
 
From:  William J. Friers  
 
Date: April 2, 2014 
 
Subject: Round 12, Final Report - Columbia Municipal Power Plant 
 
Attached please find a file copy of the CCW Impoundment Final Report for Columbia Municipal Power 

Plant (Round 12, CLIN 003). This Final Report has been revised to address all comments received 

from the EPA, and the Owner, City of Columbia, Water & Light Department (CWL).  

CDM Smith received comments from EPA and CWL regarding the Columbia Municipal Power Plant 

Draft Report, dated October 2012. The State of Missouri Department of Natural Resources (MDNR) 

did not have comments on the Draft Report. All EPA comments have been addressed in the Final 

Report. CWL comments have been addressed in the Final Report, as noted below. 

CWL Comment No. 1 - States the Columbia Municipal Power Plant is owned by the City of Columbia, 

Water & Light Department, not Columbia Power & Light Department. 

CDM Smith Action – The report has been revised.    

CWL Comment No. 2 - States Table 2.1 shows data from a Missouri Department of Natural Resources 

(MDNR) web site that CWL believes to be estimates and not based on actual measurements. 

Specifically, the embankment height is shown as 30', CWL believes the embankment height to be less 

than 20', and will have a surveyor confirm actual height within the next 90 days.  

CDM Smith Action – The height of the dam has been revised to 15 feet throughout the report, based on 

a topographic survey performed by Engineering Surveys and Services (ESS) in March 2012.  ESS 

drawing Sheet 4 of 9, dated March 2012, shows the embankment crest at El. 770.0 (NAVD88) and the 

downstream toe at El. 755. 

 CWL Comment No. 3 - A bathymetric measurement of the lake made on July 26, 2013 by Geosyntec, a 

consulting engineer, found the remaining storage capacity of the CCW impoundment to be 23.3 acre 

feet, with a maximum depth of about 12 feet. This data was not available at the time of CDM Smith's 

visit.    

CDM Smith Action – The report has been revised to reflect the current available storage capacity and 

the approximate volume of CCW in the CCW impoundment, based on data from Geosyntec and the 

USACE Report on Moore’s Lake Dam dated December 1980.  



 
 

CWL Comment No. 4 - Given our comments above, CWL believes the dam fails to meet the criteria, per 

table 2.2, for a small impoundment. The impoundment is less than small. 

CDM Smith Action –Based on review of contours shown on the March 2012 topo, the dam appears to 

be 15 feet in height. The dam does not meet criteria of a small impoundment, and the report has been 

revised.   

CWL Comment No. 5 -  Table 2.4 shows data from an MDNR web site that CWL believes to be 

estimates and not based on actual measurements. Specifically, the surface area is shown as 7 acres. 

Per a survey completed in December 2012 that was provided to CDM Smith, the total water surface 

area is 5.0 acres and another 1.0 acres of the pond area is currently covered by coal combustion 

residuals being dewatered. This gives a maximum possible impoundment surface area of 6.0 acres. 

CDM Smith Action – The report has been revised to indicate the impoundment’s surface area is 6 acres 

at normal pool. 

CWL Comment No. 6 - Section 4.1.1 notes that dam completion occurred in 1904. This date appears to 

come from the same MDNR web site that CWL believes to be estimates. CWL believes the dam was 

constructed no later than 1896 per plat data provided to CDM Smith. The first power production 

facility on the site dates to about 1914, well after the impoundment was constructed, hence no 

construction documents are available. 

CDM Smith Action –Section 4 .1 of the report has been changed, stating construction was likely 

completed between 1896 and 1904.  

CWL Comment No. 7 - CWL disagrees with CDM Smith's categorization of the impoundment as "Poor" 

for continued safe and reliable operations, which seems to largely result from a lack of original 

construction documents. There is no physical evidence that the dam is in anyway unsafe or 

structurally unsound. CWL concedes that there is no "proof' of this position and intends to conduct 

structural and hydraulic reviews of the impoundment within the next year or so. 

CDM Smith Action – CDM Smith has not changed the Assessment Rating.  The Assessment Rating of 

“Poor” is based on the fact that static and seismic engineering studies for embankment stability to 

determine current safety factors have not been performed on the embankments. 

Please call or email with any questions. 

Sincerely, 

 

William J. Friers, P.E. 
Senior Civil Engineer 
CDM Smith 
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