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AMEREN MISSOURI LABADIE ENERGY CENTER 
EVALUATION OF CCR UNITS 

FRANKLIN COUNTY, MISSOURI 

 
 
 
1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments have been dewatered, no longer receive CCRs and are currently 
being closed.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
The purpose of this report is to document evaluations and assessments completed for the Ameren 
Missouri Labadie Energy Center CCR Units as required by select sections within 40 CFR Part 257, the 
final rule to regulate the disposal of CCR as solid waste under Subtitle D of the Resource Conservation 
and Recovery Act (RCRA).  Specifically Reitz & Jens completed assessments and evaluations as required 
by : 

A. §257.73(c)(1), History of Construction 
B. §257.73(a)(2), Periodic Hazard Potential Classification 
C. §257.73(d)(1), Periodic Structural Stability Assessment 
D. §257.73(e)(1), Periodic Safety Factor Assessment 
E. §257.82, Hydrologic and Hydraulic Capacity Requirements, and 
F. §257.83(b), Inspection Requirements for CCR Surface Impoundments 

 
The evaluations and assessments required by §257.73(c)(1) are discussed in the body of this report.  The 
evaluations and assessments required by the remaining applicable sections of 40 CFR Part 257 are 
contained in the Appendices. 
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2.0 LABADIE ENERGY CENTER CCR UNIT 
 
2.1 Owner and Operator 
 
The CCR Units at the LEC are owned and operated by Ameren Missouri. LEC plant personnel have the 
primary responsibility of CCR unit operation.  The LEC is located at 226 Labadie Power Plant Road in 
Labadie, Missouri 63055.  The Ameren Missouri Dam Safety Group performs CCR unit inspections, and 
reviews all updates to the Operations and Maintenance (O&M) Manual.  A copy of the 2012 Labadie 
Bottom Ash and Fly Ash Pond Embankment O&M manual is included in Appendix A.  The Ameren 
Missouri Dam Safety Group is located at 3700 South Lindbergh Boulevard in St. Louis, Missouri 63127.    
 
2.2 CCR Unit Location 
 
The CCR Units are located as identified on the most recent 7.5 minute topographic quadrangle map in 
Sections 18 and 19, Township 44 North, Range 2 East of the 5th Principal Meridian.  A plot of the USGS 
topographic quadrangle map showing the location of the LEC is attached as Figure 2.      
 
2.3 CCR Unit Identification and Purpose 
 
There are two active surface impoundment at the LEC used to store CCR.  The surface impoundments are 
called the LCPA (Bottom Ash Pond) and LCPB (Fly Ash Pond).  LCPA and LCPB have been dewatered 
and are currently being closed.  Prior to closure construction, decant water from the LCPB was pumped 
into the LCPA by two 6-inch submersible pumps.  LCPA decant water was discharged by gravity into a 
man-made channel through Outfall #002.  The NPDES permit number for the LCPA outfall is MO-
0004812.  The outfall on the man-made channel is approximately 0.5 miles upstream of its confluence 
with the Missouri River. The LCPA outfall was converted into a new gravity outfall for surface water 
runoff from the closed impoundment.  The embankments for the surface impoundments are not regulated 
as dams by the Missouri Department of Natural Resources (MDNR) because the heights of the perimeter 
dams are less than 35 feet. 
 
Table 1 - Labadie Energy Center CCR Units 

CCR Unit CCR Type Operational Status 
Bottom Ash Pond 

(LCPA) 
Bottom Ash Active 

Fly Ash Pond (LCPB) Fly Ash Active 
 
 
2.4 CCR Unit Watershed 
 
The LEC is located adjacent to the Missouri River within 100-year floodplain at approximate river mile 
57.5 above the confluence with the Mississippi River.  According to the current Flood Insurance Rate 
Map (FIRM), the regulatory 100-year flood elevation at the site is el. 483 to 485 feet.  The LEC facility is 
built on hydraulic fill that has a minimum elevation of about 490 feet.  The Missouri River is to the north 
of the CCR units.  Labadie Creek, which flows to the Missouri River, is located immediately to the west 



Ameren Missouri Labadie Energy Center Page 3 
Evaluation of CCR Units  
October 2021 
 

 
REITZ & JENS, INC. 

of the LCPA.  Outfall #002 discharges into man-made channel extending approximately 0.5 miles to the 
Missouri River.  The Missouri River has a watershed area of approximately 520,000 square miles at the 
site.  The Labadie Energy Center does not receive stormwater run-on from areas outside the facility.  The 
LCPB has an area of approximately 79 acres and does not receive stormwater run-on from areas outside 
of the impoundment.  The LCPA has an area of approximately 164 acres and has a tributary area of 
approximately 397 acres.    
 
2.5 Geomorphology and Foundation Geology 
 
The geology at the LEC consists of natural alluvium, approximately 100 feet thick, deposited by the 
Missouri River which is underlain by Paleozoic Era sedimentary rocks of the Ordovician System.   
 
The natural alluvium generally consists of 7 to 10 feet of silts and clays at the ground surface.  The upper 
stratum of clays and silts is underlain by complex fluvial depositional sequences of predominately sands 
followed by gravels, silts and lesser amounts of clay to about 105 feet.  In general, the fluvial sequences 
of coarse-grained sand are overlain by very fine- to fine-grained sand, which in turn, are overlain by very 
fine-grained sand interbedded with silt and clay, followed by interbedded silt, silty clay, and clay.  Some 
gravel, cobbles and boulders are present in the lower part of the sand stratum.  Limestone rock exists 
beneath the alluvium. 
  
Groundwater levels at the LEC closely follow the stage of the adjacent Missouri River.  The direction of 
groundwater flow is intrinsically related to the Missouri River elevation.  When river elevations are 
relatively high, groundwater movement is generally east to southeast away from the river.  When river 
elevations are relatively low, groundwater movement is generally north to northwest towards the river.  
 
2.6 Surveillance, Maintenance and Repair of the CCR Units 
 
The Labadie Bottom Ash & Fly Ash Pond Embankments O&M manual outlines objectives, 
responsibilities, and procedures for Ameren personnel who are responsible for the management of the 
CCR units.  The embankments of the CCR units are visually inspected weekly by Ameren plant 
operations staff.  Ameren Missouri Dam Safety Group personnel perform annual inspections and periodic 
inspections or assessments with plant operations staff.  In addition, the Ameren Missouri Dam Safety 
Group may conduct unannounced safety inspections. Descriptions of each type of inspection or 
assessment are included in the following sections.  Checklists used during inspection of the CCR Units 
are included in the attached O&M manual. 
 
2.6.1 Surveillance 
 
2.6.1.1 Weekly Inspections  
 
Weekly inspections are conducted by plant staff or support staff familiar with the pond/dam.  The weekly 
inspections consist of visually inspecting the crest and slopes of each ash pond embankment to identify 
new or changed conditions.  Checklists are completed and are made available to the Dam Safety Group 
for review.   
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2.6.1.2 Annual Inspection 
 
These inspections are conducted annually by the plant staff and the Ameren Missouri Dam Safety Group 
staff.  The annual inspection is a detailed visual inspection of the ash pond embankment crest, interior and 
exterior slopes, downstream toe area, inlet/outlet works, and appurtenant structures. 
 
An annual inspection report is to be prepared by the Ameren Missouri Dam Safety Group staff that 
includes a description of the observations of the visual inspection, photographs of the facilities taken 
during the inspection, and a written evaluation of the results.  A record of maintenance activities for the 
ash pond embankments is also kept current by the Ameren Missouri Dam Safety Group. 
 
2.6.1.3 Periodic Structural Stability Assessments 
 
The Periodic Structural Stability Assessments are conducted every 5 years by the Ameren Missouri Dam 
Safety Group staff to document whether the design, construction, operation, and maintenance of the CCR 
unit is consistent with recognized and generally accepted good engineering practices for the maximum 
volume of CCR and CCR wastewater which can be impounded therein in general accordance with 40 
CFR Part §257.73(d)(1). 
 
Ameren Missouri Dam Safety Group staff will prepare a periodic structural stability assessment report 
which at a minimum will document whether the CCR unit has been designed, constructed, operated, and 
maintained with: 

i. Stable foundations and abutments; 
ii. Adequate slope protection to protect against surface erosion, wave action, and adverse 

effects of sudden drawdown; 
iii. Dikes (embankments) mechanically compacted to a density sufficient to withstand the range 

of loading conditions in the CCR unit; 
iv. Vegetated slopes of dikes and surrounding areas not to exceed a height of 6 inches above the 

slope of the dike, except for slopes which have an alternate form of slope protection; 
v. A single spillway or a combination of spillways designed, constructed, operated, and 

maintained to adequately manage flow during and following the peak discharge from the 
design flood event.  The spillways must be either of non-erodible construction and designed 
to carry sustained flows; or earth or grass-lined  and designed to carry short-term, infrequent 
flows at non-erosive velocities where sustained flows are not expected; 

vi. Hydraulic structures underlying the base of the CCR unit or passing through the dike of the 
CCR unit that maintain structural integrity and are free of significant deterioration, 
deformation, distortion, bedding deficiencies, sedimentation, and debris which may 
negatively affect the operation of the hydraulic structure; 

vii. For CCR units with downstream slopes which can be inundated by the pool level of an 
adjacent water body, such as a river, stream or lake, downstream slopes that maintain 
structural stability during low pool of the adjacent water body or sudden drawdown of the 
adjacent water body. 

 
If a deficiency or a release is identified during the periodic assessment, Ameren Missouri will remedy the 
deficiency or release as soon as feasible and prepare documentation detailing the corrective measures 
taken. 
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2.6.1.4 Periodic Hazard Potential Classification 
 
Ameren Missouri Dam Safety Group staff will update the hazard potential classification every 5 years in 
general accordance with 40 CFR Part §257.73(a)(2).  Ameren Missouri Dam Safety Group staff will 
prepare documentation of the hazard potential classification of each CCR unit as either high hazard 
potential CCR surface impoundment, a significant hazard potential CCR surface impoundment, or a low 
hazard potential CCR surface impoundment, and the basis for each hazard potential classification.  
Ameren Missouri Dam Safety Group staff will prepare and maintain a written Emergency Action Plan if it 
is determined that a CCR unit is either a high hazard potential surface impoundment or a significant 
hazard surface impoundment. 
 
2.6.1.5 Periodic Safety Factor Assessment 
 
Ameren Missouri Dam Safety Group staff will conduct periodic safety factor assessments every 5 years in 
general accordance with 40 CFR Part §257.73(e)(1).  The periodic safety factor assessments will be 
conducted for each CCR unit and will document whether the calculated factors of safety for each CCR 
unit achieve the minimum safety factors specified in §257.73(e)(1) for the critical cross section of the 
embankment.  The critical cross section is the cross section anticipated to be the most susceptible of all 
cross sections to structural failure based on appropriate engineering considerations, including loading 
conditions.  The safety factor assessments will be supported by appropriate engineering calculations. 
 
2.6.1.6 Periodic Inflow Design Flood Control System Plan 
 
Ameren Missouri Dam Safety Group staff will prepare an inflow design flood control system plan every 5 
years in general accordance with 40 CFR Part §257.82.  The plan will document how the inflow design 
flood control system has been designed, constructed, operated and maintained to adequately manage flow 
by definition or regulation into the CCR surface impoundment during and following the peak discharge of 
the inflow design flood.  The inflow design flood is the probable maximum flood for a high hazard 
potential CCR surface impoundment, the 1000-year flood for a significant hazard potential CCR surface 
impoundment, the 100-year flood for a low hazard potential CCR surface impoundment, and the 25-year 
flood for an incised surface impoundment.      
 
2.6.1.7 Special Inspections 
 
Special inspections are conducted when extreme events which may impact stability (seismic activity, 
severe flooding, etc.) occur.  Special inspections are similar to the annual inspection, but may be focused 
on a particular area.  If conditions are discovered during a weekly or annual inspection which create 
concern for the LEC plant, personnel, or surrounding properties, a special inspection will be conducted.  
Responsibility for performance of special inspections will be evaluated based on the severity of the event 
and potential damage. 
 
2.6.1.8 Unannounced Inspections 
 
The Ameren Missouri Chief Dam Safety Engineer (CDSE) may conduct unannounced inspections at the 
site as deemed appropriate.  The inspection may include a visual inspection of the facility, a review of the 
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inspection documentation, and interviews with plant personnel to review their understanding of the 
required inspection procedures. 
 
2.6.1.9 Inspection Findings 
 
Observations made during the inspections are rated with a condition code as shown in the following Table 
2.  The timeliness of response to deficiencies observed depends on the severity of the condition. 
 
Table 2 - Ameren Missouri dam safety inspection condition codes 

Condition 
Code 

Description 

EC Emergency Condition.  A serious dam safety condition exists that need 
immediate action.  Emergency measures implemented as instructed by 
Chief Dam Safety Engineer; pool draw down, emergency repairs, work 
stoppage, plant stoppage. 

IM Item needing immediate maintenance to restore or ensure its safety and 
integrity.  Remediation should be complete within 1 month or as 
required. 

MM Minor Maintenance.  Item needing minor maintenance and/or repairs 
within the year.  The safety or integrity of the item is not yet imperiled. 

OB Condition requires regular observation and potential future minor 
maintenance. 

GC Good Condition. 
NO No observation possible. 
NI Not Inspected.  State reason in comment column. 

    
 
2.6.2 Maintenance and Repair of the CCR Units 
 
The O&M requires that timely repairs must be made after problem areas are identified.  The plant 
engineer is to specify the work to be completed using Ameren’s Work Control Process and provide 
direction to correct items noted in the operation and maintenance, and engineering inspections.  The work 
request by the plant engineer will be reviewed with the Dam Safety Group to ensure proper emphasis has 
been placed on the request.  The O&M specifies the minimum maintenance activities and requires that 
maintenance activities be documented.  The O&M further specifies that no alterations or repairs to 
structural elements should be made without the approval of the Chief Dam Safety Engineer and the 
concurrence of the MDNR Water Resources Center. 
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3.0 LCPA (BOTTOM ASH POND) 
 
3.1 History of Construction 
 
The design plans for the LCPA were issued for construction in 1969 and construction was completed 
shortly after.  The LCPA is located south of the plant and has an approximate area of 164 acres.  The 
location of the LCPA and the pond’s significant features are shown in Figure 1.  The embankment forms a 
ring dam which ties into plant fill on the north side of the impoundment.  The embankment height is the 
greatest on the south and west sides of the pond, the maximum dam height is 26.3 feet.  The north side of 
the impoundment is adjacent to plant fill, the embankment height is generally less than 5 feet.  The 
embankment on the east side of the impoundment is shared by both the LCPA and LCPB.  The 
embankment dam was constructed of compacted fill with upstream slopes of 2 horizontal (H) to 1 vertical 
(V) and downstream slopes of 3H to 1V.  The minimum crown width is approximately 20 feet.  The width 
of the embankment section is increased considerably on the west side of the impoundment because of fill 
placed for the plant access road and over a distance of 2000 lineal feet along the south side of the 
impoundment because of a beneficial fill.  Drawings for the LCPA are presented in the O&M manual in 
Appendix A. 
 
The LCPA has been dewatered, no longer receives CCRs and is being closed.  Previously, LCPA received 
process water used to sluice bottom ash, flow from the plant combined drain sump (CDS), and discharge 
from the LCPB.  The impoundment received both bottom and fly ash prior to completion of the LCPB.  
Discharge from the LCPB was near the southeast corner of the impoundment, and the water generally 
flowed east to west through ditches in the CCR.  The CDS discharged near the northeast corner of the 
impoundment and collected stormwater from an area of approximately 154 acres.  
 
The LCPA contained a principal and emergency spillway; however, these have been repurposed or 
removed.  The principal spillway for the LCPA consisted of an 8-foot diameter galvanized corrugated 
metal pipe (CMP) skimmer and 36-inch diameter carbon steel pipe.  On the upstream end the carbon steel 
pipe was upturned to el. 478.5 feet, and the invert on the downstream end was el. 472.0 feet.  Flow 
through this pipe and the pool elevation was regulated by two motor operated butterfly valves.  The 
LCPA also had a 75-foot-long broad crested emergency spillway that is located on the southwest side of 
the pond.   
 
A summary of pertinent data for the LCPA is summarized in Table 3. 
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Table 3 – Bottom Ash Pond (LCPA) 

CCR 
Unit 

Maximum 
Pond 
Area 

(acres) 

Maximum 
Dam 

Height 
(feet) 

Minimum 
Crest 

Width 
(feet) 

Crest 
Length 
(feet) 

Upstream 
Slope 

Steepness 
(H:V) 

Downstream 
Slope 

Steepness 
(H:V) 

Bottom 
Ash 

Pond 
(LCPA)  

164 26.3 20 10,500 2:1 3:1 

 
 
3.2 Modifications to Embankment Geometry and Operation 
 
3.2.1 1990s Embankment Raise 
In the early 1990’s, the LCPA embankment was raised 8.5 feet to increase its storage capacity.  The new 
embankment fill consisted of a mixture of bottom and fly ash that was blended and compacted to achieve 
a hydraulic conductivity of 1x10-6 cm/sec.  The compacted ash was covered with a minimum of 1 foot of 
earthen cover, except for the access road at the crest of the embankment.  A plan for the embankment 
raise is attached as Figure 3.   
 
At the same time, the original spillway was replaced with the principal spillway in its current 
configuration. The original spillway consisted of two pumps and discharge piping which ran over the 
embankment dam and discharged just south of the current outlet works.  A plan showing the original 
spillway is presented in the O&M manual.         
 
3.2.2 2006 and 2008 Beneficial Fill 
A beneficial fill was constructed in 2006 and 2008 parallel to the southern embankment section for a new 
concrete packaging facility.  Over a distance of approximately 2000 lineal feet, the fill increased the 
embankment section width from 70 to 225 feet.  The fill was constructed of compacted bottom and fly 
ash.  The approximate extents of the beneficial fill are shown in Figure 1.    
 
3.2.3 2011 Slurry Wall and Anti Seepage Collar Construction 
In 2011 Ameren constructed a 500 foot long slurry wall near the southwest corner of the pond.  The wall 
was constructed to help mitigate seepage that was occurring at this location.  The wall was constructed 
through the crest of the embankment with a width of 2.5 feet.  The wall was terminated in fine grain 
foundation soil, or at a minimum depth of 30 feet.  The wall had a minimum hydraulic conductivity of 
1x10-6 cm/sec.  A plan showing the slurry wall is presented in Figure 4. 
 
At the same time an anti-seepage collar was constructed around the spillway conduit to help prevent a 
small amount of seepage that was occurring.  The seepage collar consisted of a compacted soil and 
bentonite mixture to the extents shown in Figure 5.       
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3.2.4 2012 Emergency Spillway 
In 2012 an emergency spillway was constructed near the southwest corner of the pond.  The emergency 
spillway is a 75-foot long broad crested weir with an elevation of 490.0.  The spillway was constructed of 
MoDOT Type 4 riprap on the upstream and downstream slopes, and the crest is constructed of aggregate 
sufficient to withstand design flows.  Design computations for the spillway are presented in the O&M 
manual presented in Appendix A. 
 
3.2.5 2013 Slurry Wall 
Seepage was identified below the emergency spillway that was constructed in 2012.  To cut-off the 
seepage, a soil-bentonite slurry wall was constructed through the crest of the embankment.  The extent of 
the slurry wall was approximately from the southern extent of the slurry wall constructed in 2011 and 
continued 600 feet east.   
 
3.2.6 2015 Seepage Collar and Valve Replacement  
In 2015 slight seepage was still occurring at the outlet works and a concrete collar was constructed around 
the outfall pipe to help reduce seepage.  At the same time, the area surrounding the downstream outlet 
works was graded to drain and armored with riprap.  The upstream outlet works butterfly valve was also 
replaced in 2015. 
 
3.2.7 West Detention Basin 
The West Detention Basin was constructed over an approximate 8-acre area on the north side of the 
LCPA.  The area was filled and graded to form the basin.  The area was then capped with HDPE 
geomembrane inside the basin, and HDPE geomembrane and closure turf outside the basin.  The West 
Detention Basin is used for plant stormwater management and water quality treatment. 
 
3.2.8 Closure Construction (2019 to 2021) 
Closure of LCPA was initiated in 2019 and is planned to be complete in 2021.  Closure includes grading 
the remaining exposed CCR to facilitate drainage and capping the CCR with HDPE geomembrane 
overlain by 2 feet of soil.  The principal spillway has been converted to a stormwater inlet and gravity 
outfall for stormwater runoff from a closed section of the pond.  The emergency spillway has been 
removed.  Stormwater is routed to 5 stormwater outlets through the perimeter embankment.              
 
3.3 Foundation and Abutment Geology 
 
The typical soil profile for the LCPA foundation consists of an upper most stratum of stiff to very stiff 
clay that is 5 feet thick.  The clay is intermittently silty, and low to high plastic.  The clay is underlain by 
silt and silty sand with a thickness of 5 to 15 feet.  This silt is generally medium dense, and triaxial shear 
strength tests show the friction angle ranges from 30 to 33°.  Sand is encountered beneath the silt, and is 
fine to coarse, medium dense and with some silty layers and gravel.  Typically at a depth of about 40 to 
50 feet beneath the original ground surface the sands become gravelly sand or sandy gravel.  Limestone 
bedrock exists beneath the alluvium at a depth of 100 to 120 feet.  Geotechnical investigations which 
document the foundation geology at the LCPA are presented in Appendix A.        
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3.4 Embankment Material 

There are no construction documents or records for the original construction of the LCPA Dam.  The 
embankment was raised 8.5 feet in the early 1990’s using a mixture of bottom and fly ash.  Fill placed to 
raise the embankments was blended and compacted to achieve permeability no greater than 1x10-6 
cm/sec.  Based on borings conducted in 2010, the top 9 to 10 feet of the embankment is medium dense to 
very dense and consists of bottom and fly ash.  Beneath the ash fill are 1 to 3 foot thick layers of clay, silt 
and sand.  The coarse grain layers have an estimated friction angle of 30 to 33°.  The fine grain soils have 
an undrained strength that ranges from 1400 to 1500 psf, based on UU tests and correlations for N-values, 
and CPT tip resistance and skin friction.      

3.5 Operating Pool Surface Elevations 

The LCPA has been dewatered and is currently being closed. 

3.6 CCR Unit Outlet Works 

The principal spillway has been converted to a stormwater inlet and gravity outfall for stormwater runoff 
from a closed section of the pond.  The emergency spillway has been removed.  Stormwater is routed to 5 
stormwater outlets through the perimeter embankment.     

3.7 Impounded CCR 

The LCPA impounds bottom and fly ash. Table 4 summarizes the approximate volume and depth of the 
CCR stored in the unit.   

Table 4 – Bottom Ash Pond (LCPA) estimated volume and depth of impounded CCR 

CCR Unit Est. Volume 
of CCR (CY) 

Approximate 
Bottom Elev. 
of CCR Unit 

(feet) 

Est. 
Maximum 
CCR Elev. 

(feet) 

Est. Average 
Depth of CCR 

(feet) 

Est. 
Maximum 

Depth of CCR 
(feet) 

LCPA 16,208,668 407.6 507 68 97 

Up until the 1990’s the LCPA received both bottom and fly ash.  In the early 1990’s the LCPB was 
constructed and put in service, and only bottom ash was sluiced to the LCPA.  Borings through the LCPA 
show that the fly ash and bottom ash are deposited in layers of varying thickness and density.  The fly ash 
and bottom ash are interbedded in some zones.  The measured N60-values would be classified as “very 
loose” to “medium-dense”.  Borings conducted in the interior of the pond are presented in Appendix A. 

A sample of bottom ash was obtained from the LEC and the particle-size distribution showed that the 
material is poorly-graded with particle-sizes ranging from fine gravel to fine sand, with only about 1% 
fines.  The specific gravity of the bottom ash sample was 2.80.  The minimum and maximum density 
determined by laboratory tests (ASTM D4253 and D4254) was 83.6 pcf and 109.6 pcf, in that order.     



Ameren Missouri Labadie Energy Center Page 11 
Evaluation of CCR Units  
October 2021 
 

 
REITZ & JENS, INC. 

3.8 Instrumentation 
 
The LCPA has been dewatered and is currently being closed.  Currently there are no instruments 
monitored to check impoundment operation. 
 
3.9 Structural Instability 
 
There are no records of structural instability for the LCPA. 
 
 



Ameren Missouri Labadie Energy Center Page 12 
Evaluation of CCR Units  
October 2021 
 

 
REITZ & JENS, INC. 

4.0 LCPB (FLY ASH POND) 
 
4.1 History of Construction 
 
The LCPB was built in the 1990’s and has an area of approximately 79 acres.  The location of the LCPB 
and the pond’s significant features are shown in Figure 1.  The LCPB is located east of the LCPA and 
south of the plant.  The embankment forms a ring dam which ties into plant fill near the northwest corner 
of the impoundment.  The embankment height is greatest on the east and south sides of the pond, the 
maximum dam height is 29.5 feet.  The western embankment section separates the pond from the LCPA.  
The embankment dam was constructed of earth fill with upstream slopes of 2H to 1V and 3H to 1V, and 
downstream slopes of 3H to 1V.  Earth fill was obtained from the incised portion of the pond, the lowest 
elevation at the bottom of the pond is at 460.0 feet.  The crown width is 10 feet near the northwest corner 
of the pond where the embankment height is generally less than 10 feet.  The crown width for the 
remainder of the pond has a minimum width of 20 feet.  Excluding the length of the western embankment 
section that was originally constructed for the LCPA, the crest length of the dam is approximately 6,100 
feet.  The interior of the LCPB is lined with 60 MIL HDPE on the interior slopes, and 40 MIL HDPE on 
the pond bottom.  Drawings for the LCPB are presented in the O&M manual in Appendix A. 
 
The LCPB has been dewatered, no longer receives CCRs and is being closed.  Historically, the LCPB 
received process water used to sluice fly ash.  The LCPB did not receive run-on from areas outside of the 
perimeter embankment.  Water was sluiced to ditches excavated in the ash.  Fly ash settled in the ditches, 
and the decant water flowed to the outlet works on the south side of the pond.  The ditches were 
periodically excavated to remove the settled ash, and the excavated material was placed in large stockpiles 
built within the pond.   
 
The LCPB outlet works were removed during closure construction.  The outlet works were located near 
the southwest corner of the pond.  The principal spillway consisted of two manually operated 6-inch 
diameter submersible pumps that discharged into 6-inch diameter PVC pipes.  The LCPB also contained a 
50-foot-long broad crested weir emergency spillway which is also located near the southwest corner of 
the pond.  Both the principal and emergency spillways discharged into the LCPA.    
 
A summary of pertinent data for the LCPB is summarized in Table 5. 
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Table 5 – Fly Ash Pond (LCPB) 

CCR 
Unit 

Maximum 
Pond 
Area 

(acres) 

Maximum 
Dam 

Height 
(feet) 

Minimum 
Crest 

Width 
(feet) 

Crest 
Length 
(feet) 

Upstream 
Slope 

Steepness 
(H:V) 

Downstream 
Slope 

Steepness 
(H:V) 

Fly Ash 
Pond 

(LCPB)  
79 29.5 10 6,100 2:1 & 3:1 3:1 

 
 
4.2 Modifications to Embankment Geometry and Operation 
 
4.2.1 2012 Emergency Spillway 
In 2012 an emergency spillway was constructed near the southwest corner of the pond.  The emergency 
spillway is a 50-foot long broad crested weir with an elevation of 491.7.  The spillway was constructed of 
MoDOT Type 4 riprap on the upstream and downstream slopes, and the crest is constructed of aggregate 
sufficient to withstand design flows.  Design computations for the spillway are presented in the O&M 
manual presented in Appendix A.          
 
4.2.2 Planned Haul Road (2016-2017) 
Construction of a haul road on the crest of the north embankment is began in late 2016 and was completed 
in 2017.  The construction lowered the crest of the embankment to el. 491, and the HDPE liner to el. 490.  
The haul road was paved with 12 inches of non-reinforced concrete that is underlain by 12 inches of 
compacted MoDOT Type 1 Aggregate Base Course.   
 
4.2.3 Closure Construction (2019 – 2021) 
Closure of LCPB was initiated in 2019 and is planned to be complete in 2021.  Closure includes grading 
the remaining exposed CCR to facilitate drainage and capping the CCR with HDPE geomembrane 
overlain by 2 feet of soil.  Stormwater is routed to 5 stormwater outlets through the perimeter 
embankment.                      
 
4.3 Foundation and Abutment Geology 
 
The typical soil profile for the LCPB foundation consists of a thin upper most stratum of firm to stiff clay 
that is 2 to 5 feet thick.  The foundation soil then becomes clayey or sandy silt and loose to medium-
dense.  The thickness of the silty soil is typically 4 to 10 feet.  Underlying the silt is poorly graded, fine to 
coarse sand which is medium dense to dense.  Typically at a depth of about 40 to 50 feet beneath the 
original ground surface the sands become gravelly sand or sandy gravel.  Limestone bedrock exists 
beneath the alluvium at a depth of 100 to 120 feet.  Geotechnical investigations which document the 
foundation geology at the LCPB are presented in Appendix A.    
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4.4 Embankment Material 
 
The embankment was constructed of earth fill borrowed from the interior of the pond.  The design plans 
note that the top 6 feet of the foundation soil inside the perimeter berm should be used as fill.  CPT 
soundings conducted in 2010 showed that the embankment fill is heterogeneous and consists of sand, silt 
and clay that were generally placed in 8 to 12 inch thick lifts.  The coarse grain lifts are generally medium 
dense and the fine grain lifts are firm to stiff.   
 
4.5 Operating Pool Surface Elevations 
 
The LCPB has been dewatered and is currently being closed. 
 
4.6 CCR Unit Outlet Works 
 
During closure construction the principal and emergency spillways have been removed.  Rainfall falling 
within the footprint of the LCPB is routed to 5 stormwater outlets around the perimeter embankment. 
 
4.7 Impounded CCR 
 
The LCPB impounds fly ash.  Table 6 summarizes the approximate volume and depth of the CCR stored 
in the unit.  
 
Table 6 – Fly Ash Pond (LCPB) estimated volume and depth of impounded CCR 

CCR Unit Est. Volume 
of CCR (CY) 

Approximate 
Bottom Elev. 
of CCR Unit 

(feet) 

Est. 
Maximum 
CCR Elev. 

(feet) 

Est. Average 
Depth of CCR 

(feet) 

Est. 
Maximum 

Depth of CCR 
(feet) 

LCPB 3,861,136 460.0 501.0 31.0 41 
      
Fly ash impounded in the LCPB consists of uniform silt-size and clay-size particles, with some fine sand-
size particles.  The specific gravity of the ash is approximately 2.87.  The fly ash is very pozzalanic and 
hardens in a few minutes after it is mixed with water.  The undrained shear strength of the ash when 
mixed with water and tested at 1 day cure time varies from about 81 psi at a moisture content of 15% to 
6.3 psi at a moisture content of 40%.          
 
4.8 Instrumentation 
 
The LCPB has been dewatered and is currently being closed.  Currently there are no instruments 
monitored to check impoundment operation.  
 
4.9 Structural Instability 
 
There are no records of structural instability for the LCPB. 
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9.0 CLOSURE 
 
The preceding history of construction is regarded as a living document.  If there is a significant change to 
any information or there are periodic updates, Ameren must update the relevant information and place it 
in the facility’s operating record. 
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1.  Details of the drilling and sampling program are presented in the general introduction of the report

2.  Stratification lines shown on the log represent approximate soil boundaries; actual changes in strata may be gradual or occur between
samples.

Figure 2-0

Notes:

Symbol Description

KEY TO SOIL SYMBOLS

Crushed Limestone

Miscellaneous FILL

Low plastic Clayey SILT (ML)

Inorganic, non-plastic SILT
(ML)

Silty SAND or Sandy SILT (SM)

Poorly-graded SAND (SP)

High plastic CLAY (CH)

MISCELLANEOUS SYMBOLS

Water table during
drilling

Boring continues

Moisture content (%)

N-value from Standard
Penetration
Test, ASTM D-1586 (blows/ft)

SOIL SAMPLERS

2-in. O.D. Split-Spoon

3-in. O.D. Shelby Tube

KEY TO BORING LOGS
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Tested By: K. Kocher Checked By: J. Bertel

Client: Ameren Missouri

Project: Ash Pond Stability

Source of Sample: B-1 Depth: 6

Sample Number: ST-3

Proj. No.: 2010012488 Date: 6/25/2010

Type of Test: 
CU with Pore Pressures

Sample Type: Shelby Tube
Description: SILT (ML), brownish grey, slightly

clayey, traces of fine sand, highly laminated near
bottom of sample

Assumed Specific Gravity= 2.68
Remarks:

Figure 2-4

Sample No.

Water Content, 
Dry Density, pcf
Saturation, 
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Diameter, in.
Height, in.
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Tested By: J. David/J. Pruett

Client: Ameren Missouri

Project: Ash Pond Stability

Source of Sample: PZ-1 Depth: 23.5

Sample Number: 7

Proj. No.: 2010012488 Date: 07-28-10

Type of Test: 
Unconsolidated Undrained

Sample Type: Shelby Tube
Description: Clay FILL (CH), dark gray and

grayish tan, silty clay, clayey silt and high
plasticity clay, with very fine sand and trace

Assumed Specific Gravity= 2.68
Remarks:

Figure 2-5
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Tested By: K. Kocher Checked By: J. Fouse

Client: Ameren Missouri

Project: Ash Pond Stability

Source of Sample: PZ-2 Depth: 13.5

Sample Number: ST-5

Proj. No.: 2010012488 Date: 6/25/2010

Type of Test: 
CU with Pore Pressures

Sample Type: Shelby Tube
Description: Sandy silt FILL (SM), brown and

grey, with clay

Assumed Specific Gravity= 2.68
Remarks:

Figure 2-6

Sample No.

Water Content, 
Dry Density, pcf
Saturation, 
Void Ratio
Diameter, in.
Height, in.

Water Content, 
Dry Density, pcf
Saturation, 
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Diameter, in.
Height, in.

Total Pore Pr., tsf

Total Pore Pr., tsf

Strain rate, %/min.
Back Pressure, tsf
Cell Pressure, tsf
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Ult. Stress, tsf
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LEGEND 
 

Symbol Description 

KEY TO SOIL SYMBOLS 

 
Organic Material 

 
qc = Cone Tip Pressure, tons/sq. ft. 

    

 
Clay 

 
fs = Skin Friction, tons/sq. ft. 

    

 
Silty Clay to Clay 

 
Rf = Friction ratio (fs/qc) in % 

    

 
Clayey Silt to Silty Clay 

 
u2 = Porewater Pressure, psi 

    

 
Sandy Silt to Clayey Silt 

 N60 = Calculated Equivalent N-value, 
blows/foot, (Standard Penetration Test) 

    

 
Silty Sand to Sandy Silt 

 Su = Calculated Undrained Shear 
Strength, ksf 

    

 
Sand to Silty Sand 

 
Phi = Friction Angle, degrees 

    

 
Sand 

  

    

 
Gravelly Sand to Sand 

  

 
 
 
 
 
 
 
 
 
 
Notes: 
 

1.  Details of the drilling and sampling program are presented in the general introduction of the report. 
 

2. Stratification lines shown on the log represent approximate soil boundaries; actual changes in strata 
may be gradual. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Robertson et al. (1986) Use of piezometer cone data.  Proceedings of the ASCE Specialty Conference: In 
Situ 86: Use of In Situ Tests in Geotechnical Engineering.  ASCE 1986  
2 Lunne, T. Robertson, P.K. and Powell, J.J.M. (1997) Cone Penetration Testing in Geotechnical Practice, 
Published by Blackie Academic & Professional. 
3 Bowles, Joseph E. (1996) Foundation Analysis and Design. McGraw-Hill. 5th ed. Page 180. 
 
Figure 3-0 
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Test no:
P-1

Project ID:
2010012488

Client:
Ameren Missouri

Project:
Ash Pond Stability Analysis

Boring terminated at 9.5' due to augers pulling out.

Position:
X: 725910.99 ft, Y: 990746.00 ft

Location:
Labadie Power Plant

Ground level:
493.50

Date:
6/23/2010
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Fig: 
3-1

File: 
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Cone No: 4274

Classification by
Robertson 1986

Silty sand to sandy silt (7)
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1.  Borings were drilled on October 28 through November 3, 2015, by Midwest Drilling, Inc., Florissant, Missouri, under
subcontract with Reitz & Jens.  Borings were made using a CME 550X ATV-mounted drill rig.  Borings were advanced with 3.75-
inch I.D. hollow-stem, continuous-flight augers (HSA) or 4.25-inch O.D. solid continuous-flight augers (CFA). When ground water
was encountered, the augers were flooded with water or mud and rotary driling was begun.  Borings were backfilled with cement
grout and topped with cuttings.

2.  Boring locations were staked before drilling using a hand held GPS.  Stakes were left at the drilled locations for later
identification.  The coordinates and elevations of the borings were surveyed by Kuhlmann Design Group (KdG) for Ameren.

3.  The borings were logged in the field by a Reitz & Jens' NICET-Certified Soils Technician based upon the recovered samples,
cuttings and drilling characteristics.  Samples were transported to Reitz & Jens' lab for testing.  Field logs were revised, if needed,
based upon laboratory classification.  The field work was done under the supervision of Chris Cook, P.E.

4.  Stratification lines shown on the logs represent approximate soil boundaries;   actual changes in soil strata may be gradual or
occur between samples.

Figure A-0

Notes:

Symbol Description

KEY TO SOIL SYMBOLS

Fly Ash and/or Bottom ASH
(FILL)

Poorly-graded SAND (SP)

Silty SAND (SM)

Crushed Limestone

Low plastic Clayey SILT (ML)

Inorganic, non-plastic SILT
(ML)

MISCELLANEOUS SYMBOLS

Water table during
drilling

Boring continues

N-value from Standard
Penetration
Test, ASTM D-1586 (blows/ft)

Shear strength from
Pocket Penetrometer (tsf)

Symbol Description

SOIL SAMPLERS

2-in. O.D. Split-Spoon

KEY TO BORING LOGS



0

5

10

15

20

25

30

495

490

485

480

475

470

 50

 72

 89

100

 44

100

BOTTOM ASH, dark brown, fine sand-size

grain, with gravel-sized cinders (<3/8"),

medium-dense

Becoming loose, with cinders <1/2"

FLY ASH, gray, silt- to fine sand-size grain,

very loose, with trace fine sand

Becoming moist

Becoming saturated

4-5-5

1-3-2

1-2-1

1-0-1

1-0-1

0-0-0

B O R I N G   L O G TH-2

Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 991237.6, E 723549.1

ELEVATION: 497.6 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 11-02-15

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 23 FEET

METHOD: HSA / Mud Rotary N BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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Becoming medium-dense

BOTTOM ASH, dark gray, fine to coarse

sand-size grain, medium-dense

Becoming dark brown, fine sand-size grain

Note: 3 feet fall in after SS-9; filled HSA,

switched to mud rotary drilling.

Becoming silt to coarse sand grain, loose

SAND (SP), tan medium gray, medium-

dense, fine

Boring terminated at 60'-0" in sand

6-5-4

6-9-13

9-10-7

5-5-0

2-4-5

B O R I N G   L O G TH-2

Ameren: Labadie Plant Bottom Ash Pond Closure
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FLY ASH, gray-brown, fine sand-size

grain, with bottom ash, cinders and unburnt

coal, very dense, dry

Becoming medium-dense

Becoming dark brown, with trace cinders

(<1/2")

Becoming very dense, with silt- to fine

sand-size grains, trace cinders (<1/2")

BOTTOM ASH, dark gray to black, silt- to

fine sand-size, trace up to <1/4", dense

Sandy SILT (SM), gray, trace clay, with

clay lenses, loose, dry

Boring terminated at 30'-0" in sandy silt

12-28-35

7-8-7
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15-22-34

11-19-13

1-3-3
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Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 991801.5, E 723758.8

ELEVATION: 497.3 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 10-30-15

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING Dry FEET

METHOD: HSA Y BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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BOTTOM ASH, dark brown, fine to coarse

sand-size grains, medium-dense, with trace

up to 1/2"

With trace silt-size particles (fly ash)

Becoming loose, dark golden brown and

fine sand-size grains

Becoming medium-dense

BOTTOM ASH/FLY ASH MIX, with silt to

fine sand size grains, loose

Becoming medium-dense, with particles up

to 3/4"

6-5-4

2-1-13

1-3-2

4-6-7

3-3-3
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B O R I N G   L O G TH-4

Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 991723.6, E 724216.7

ELEVATION: 528.9 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 10-28&29-2015

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 58 FEET

METHOD: CFA / Mud Rotary N BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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BOTTOM ASH, fine sand-size to fine

gravel-size grains and coal (<3/4"),

medium-dense

Becoming dark brown to black, trace

gravel-size grains (<3/8")

Becoming black to dark gray, with traces of

gravel-size grains and coal

3-7-12

5-3-13

8-8-9

3-11-11

3-8-10

B O R I N G   L O G TH-4

Ameren: Labadie Plant Bottom Ash Pond Closure
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Becoming medium to coarse sand-size

grains with fine gravel-size grains

FLY ASH, dark gray, silt to fine sand-size

grains, very loose

Note: no drilling mud return, 80' to 86'.

Becoming black, silt-size particles

Note: hole collapsed to 77' while mixing

mud; rods clogging.

Silty SAND (SM), gray, fine, medium-

dense, with some gray silty clay

Boring terminated at 96'-6" in silty sand
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0-2-2
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B O R I N G   L O G TH-4

Ameren: Labadie Plant Bottom Ash Pond Closure
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FLY ASH, tan and gray-brown, silt to very

fine sand-size grains, very dense, with

traces bottom ash (<3/8")

CRUSHED LIMESTONE, with black

bottom ash, medium-dense

Clayey SILT FILL (ML), greenish gray,

trace bottom ash, very loose

BOTTOM ASH, dark brown, fine sand-size

grains, with fly ash and cinders, trace silty

clay, dense
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Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 992027.8, E 724055.9

ELEVATION: 498.1 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 10-30-2015

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 28 FEET

METHOD: HSA N BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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Perched water at 6.5'

Becoming very dense, dry
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to coarse sand-size grains, some fine gravel-
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Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 992223.7, E 724329.1

ELEVATION: 492.6 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 10-29-2015

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 18 FEET

METHOD: HSA N BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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grains, trace tan fly ash, medium-dense
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sand-size grains
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Ameren: Labadie Plant Bottom Ash Pond

Closure

LOCATION: N 991479.9, E 723339.6

ELEVATION: 492.8 DATUM: NAVD 1988

CLIENT: Gredell Engineering Resources DATE DRILLED: 11-03-2015

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 22.75 FEET

METHOD: HSA N BORING DRY AT COMPLETION OF DRILLING

TYPE OF SPT HAMMER: Automatic AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): AT FEET AFTER HOURS

LOGGED BY: J. Pruett PIEZOMETER: INSTALLED AT FEET
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Silty SAND (SM), tan, fine, medium-dense

Boring terminated at 35'-0" in silty sand
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Ameren: Labadie Plant Bottom Ash Pond Closure
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1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments have been dewatered, no longer receive CCRs and are currently 
being closed.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
40 CFR Part §257.73(a)(2) requires the owner or operator of an existing surface impoundment to conduct 
an initial and periodic hazard potential classification assessment of the CCR unit.  The owner or operator 
must document the hazard classification of each CCR unit as either a high hazard potential CCR surface 
impoundment, a significant hazard potential CCR surface impoundment, or a low hazard potential CCR 
surface impoundment.  The owner or operator must obtain a certification from a qualified professional 
engineer stating that the initial and each subsequent periodic classification was conducted in accordance 
with the requirements of §257.73(a)(2).  The following documents Reitz & Jens, Inc.’s periodic hazard 
potential classification evaluation for LCPA and LCPB at the Ameren Missouri Labadie Energy Center. 
 



Ameren Missouri Labadie Energy Center Page 2 
Evaluation of CCR Units – Periodic Hazard Potential Classification 
October 2021 
 

 
REITZ & JENS, INC. 

2.0 LABADIE ENERGY CENTER CCR UNITS 
 
The Labadie Energy Center has two active surface impoundments; LCPA (Bottom Ash Pond) and LCPB 
(Fly Ash Pond).  The surface impoundments have been dewatered, no longer receive CCRs and are 
currently being closed.  Historically, the surface impoundments were used to store CCR, water retention, 
water clarification and alkalinity adjustment prior to discharge through Outfall #002 of NPDES permit 
number MO-0004812.  The surface impoundment location and the centerline of the embankments are 
shown in Figure 1.   
 
The hazard potential classifications were determined for the active surface impoundments at the Labadie 
Energy Center based on the Federal Emergency Management Agency (FEMA) hazard potential 
classification criteria.  Pertinent data regarding each surface impoundment are shown in Table 1. 
 

Table 1 – Active surface impoundments at the Labadie Energy Center 

CCR Unit 
Maximum 

Surface Area 
(acres) 

Dam Height 
(feet) 

Crest Length 
(feet) 

Normal Pool 
Elevation 

(feet) 
LCPA (Bottom 

Ash Pond) 164 26.3 10,500 NA 

LCPB (Fly Ash 
Pond) 79 29.5 6,100 NA 

 
The FEMA classification system has three levels of Hazard Potential Classification: Low, Significant, and 
High.  The hazard potential classification system categorizes dams based on the probable loss of human 
life and the impacts on economic, environmental, and lifeline interests should the dam fail.  The 
classification system relies heavily on judgement and common sense, because all possibilities cannot be 
defined.  Allowances for evacuation or emergency actions by the population were not considered because 
emergency procedures should not be a substitute for appropriate design, construction, and maintenance of 
dam structures.  A summary for the FEMA hazard classification system of dams is shown in Table 2.  
   
Table 2 - FEMA hazard classification system of dams 

Hazard Potential 
Classification Loss of Human Life 

Economic, Environmental, 
Lifeline Losses 

Low None expected Low and generally limited to 
owner 

Significant None expected Yes 
High Probable.  One or more expected Yes (but no necessary for this 

classification) 
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2.1 LCPA (Bottom Ash Pond) 
 
The design plans for the LCPA were issued for construction in 1969 and construction was completed 
shortly after.  The LCPA is located south of the plant and has an approximate area of 164 acres.  The 
location of the LCPA and the pond’s significant features are shown in Figure 1.  The embankment forms a 
ring dam which ties into plant fill on the north side of the impoundment.  The embankment height is the 
greatest on the south and west sides of the pond, and the maximum dam height is 26.3 feet.  The LCPA 
has been dewatered, no longer receives CCRs and is being closed.  Previously, LCPA received process 
water used to sluice bottom ash, flow from the plant combined drain sump (CDS), and discharge from the 
LCPB.  The impoundment received both bottom and fly ash prior to completion of the LCPB.  Discharge 
from the LCPB was near the southeast corner of the impoundment, and the water generally flowed east to 
west through ditches in the CCR.  The LCPA contained a principal and emergency spillway; however, 
these have been repurposed or removed.  Drawings for the LCPA are presented in the O&M manual in 
Appendix A of the Ameren Missouri Labadie Energy Center: Evaluation of CCR Units report. 
 
Failure of the LCPA would result in the release of water and CCR into a man-made channel, Labadie 
Creek and/or the surrounding terrain.  The failure should not cause loss of life or significant 
environmental impacts.  Economic and lifeline losses of the impoundment would generally be limited to 
the owner.    Therefore, according to the FEMA Hazard Potential Classification of Dams, the LCPA 
should have a Low Hazard Potential Classification.  
 
2.2 LCPB (Fly Ash Pond) 
 
The LCPB was built in the 1990’s and has an area of approximately 79 acres.  The location of the LCPB 
and the pond’s significant features are shown in Figure 1.  The LCPB is located east of the LCPA and 
south of the plant.  The embankment forms a ring dam which ties into plant fill near the northwest corner 
of the impoundment.  The embankment height is greatest on the east and south sides of the pond, and the 
maximum dam height is 29.5 feet.  The western embankment section separates the pond from the LCPA.  
The LCPB has been dewatered, no longer receives CCRs and is being closed.  Historically, the LCPB 
received process water used to sluice fly ash.  The LCPB did not receive run-on from areas outside of the 
perimeter embankment.  The LCPB outlet works were removed during closure construction.  Drawings 
for the LCPB are presented in the O&M manual in Appendix A of the Ameren Missouri Labadie Energy 
Center: Evaluation of CCR Units report.  
 
Failure of the LCPB would result in the release of water and CCR into the surrounding terrain.  The 
failure should not cause loss of life or significant environmental impacts.  Economic and lifeline losses of 
the impoundment would generally be limited to the owner.    Therefore, according to the FEMA Hazard 
Potential Classification of Dams, the LCPB should have a Low Hazard Potential Classification.  
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3.0 CONCLUSION 
 
The initial hazard potential classifications for the active CCR surface impoundments at the Labadie 
Energy Center is Low Hazard Potential for the LCPA and LCPB.  The hazard potential classification 
should be re-evaluated within 5 years of the initial hazard potential classification.  
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1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments have been dewatered, no longer receive CCRs and are currently 
being closed.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
40 CFR Part 257.73(d)(1) specifies that the owner or operator of all existing CCR surface impoundments, 
except for incised CCR units, shall conduct periodic structural stability assessments and document 
whether the design, construction, operation and maintenance of the CCR unit is consistent with 
recognized and generally accepted good engineering practices for the maximum volume of CCR and CCR 
wastewater which can be impounded therein. 
 
The purpose of this periodic structural stability assessment for LCPA and LCPB at the Labadie Energy 
Center is to provide the information required by 40 CFR Part 257.73(d)(1).  The periodic structural 
stability assessment consisted of field inspections, design and construction document review, and review 
of operation and maintenance records.  Additional information for the LCPA and LCPB are included in 
the History of Construction Report. 
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2.0 FIELD INSPECTION 
 
A field inspection of the existing surface impoundment at the Labadie Energy Center was conducted on 
October 28, 2020 by Reitz & Jens, Inc. personnel Jeff Bertel, P.E., Laura Sutton, P.E. and Ashley 
Martinez, E.I.; who were accompanied by Ameren Missouri personnel Marc Lueckenhoff, P.E.  The 
weather was cloudy with temperatures around 45 degrees (F).  The Missouri River stage at the LEC was 
elevation 452.0.  The field inspection consisted of walking the crest and toe of the LCPA and LCPB 
perimeter berms, and visually reviewing the hydraulic outlet structures.   
 
Observations made during the inspection were recorded on the Ameren Annual Inspection Check Sheet 
for each surface impoundment and is included in Appendix I.  A photograph log of the main inspection 
findings is also included in Appendix I.  Photographs taken during the inspection are included on a DVD 
contained in Appendix II.  Observations from the field inspection are summarized below for each CCR 
unit.   
 
2.1 LCPA (Bottom Ash Pond) 
 
2.1.1 Embankment and Foundation Stability 
 
Field inspection of the LCPA perimeter berm found no signs of instability.  There was no visible vertical 
or horizontal misalignment of the crest.  No slides, sloughs, tension cracking, slope depressions or bulges 
were observed in the crest or downstream slope.  The downstream slope had recently been mowed and the 
vegetation was in good condition.  No animal burrow activity was observed. 
 
The downstream slopes have been inundated due to high water levels in the Missouri River and there 
were no signs of instability due to sudden drawdown. 
 
Active closure construction was observed during the inspection.  Some areas of the crest and upstream 
slopes have been disturbed due to the construction.  The closure plans indicate that these areas will be 
repaired in latter stages of construction. 
 
The weekly inspection reports from January 2019 to May 2020 describe minor erosion along Crest Rd.  
No deficiency was noted during the current inspection in this area and we assume it has been repaired.   
 
2.1.2 Slope Protection 
 
The downstream slopes for the LCPA are vegetated on the south and west sides of the pond.  The 
southern embankment section width over a distance of approximately 2000 feet is considerable because of 
an adjacent beneficial fill.  On the north side of the pond the downstream slope in this area is poorly 
defined given the thick section width, and low embankment height that tapers at a shallow slope angle 
into the adjacent plant fill.  The downstream slope on the north side of the pond is vegetated or consists of 
bottom ash.  The east embankment downstream slope was nearly indistinguishable during the current 
inspection.  The vegetated downstream embankment slopes had recently been mowed and were in good 
condition. 
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The upstream slopes have been disturbed by closure construction.  The upstream slopes are planned to be 
capped with an HDPE geomembrane liner overlain by 2 feet of soil that is vegetated.        
 
2.1.3 Hydraulic Structures    
 
The principal spillway has been converted to a stormwater inlet and gravity outfall for stormwater runoff 
from a closed section of the pond.  The emergency spillway has been removed.  Stormwater is routed to 5 
stormwater outlets through the perimeter embankment. 
 
Some minor deficiencies were observed at the locations of the new stormwater outlets.  Specifically, the 
duckbill valve at Station 8+00 was no longer fixed to the outfall, the duckbill valve at Station 16+00 was 
partially buried in sediment and there is ponding above the invert of the duckbill at Station 21+00.  We 
recommend reinspecting these outfalls after completion of closure construction to verify that they have 
been adequately addressed. 
 
2.1.4 LCPA Investigation Conclusions 
 
There were no significant deficiencies or signs of instability observed during the field inspection of 
LCPA, however there are maintenance items and additional monitoring that should occur.  The following 
remedial items should be addressed as soon as feasible.  Ameren should prepare documentation detailing 
the corrective measures taken as these items are addressed. 
 
 Inspect areas disturbed by closure construction to verify that these areas have been restored and 

adequately armored for erosion protection.  Inspect the stormwater outlets to verify that they have 
been installed in accordance with closure plans. 

 
2.2 LCPB (Fly Ash Pond) 
 
2.2.1 Embankment and Foundation Stability 
 
Field inspection of the LCPB perimeter berm found no signs of instability.  There was no visible vertical 
or horizontal misalignment of the crest.  No slides, sloughs, tension cracking, slope depressions or bulges 
were observed in the crest or downstream slope. 
 
The downstream slopes have been inundated by the Missouri River and there were no signs of instability 
due to sudden drawdown. 
 
Ruts due to closure construction were observed on the embankment crest on the east and south sides of 
the impoundment.  Verify that these ruts are repaired at the completion of closure construction.  
 
There is good access to the embankment for surveillance of the crest and slopes.  No operational activities 
or adjacent developments were observed that might threaten the integrity of the embankment. 
 
The weekly inspection reports from January 2019 to May 2020 describe only minor deficiencies related to 
disturbance from closure construction. 
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2.2.2 Slope Protection 
 
The downstream slopes of the LCPB are vegetated, and the upstream slopes are currently being capped 
with an HDPE geomembrane overlain by 2 feet of soil. 
 
The vegetation on the downstream slopes has been highly disturbed by closure construction.  A portion of 
the slopes has been seeded but vegetation has not been established.  We recommend inspecting the 
downstream slopes after construction has been completed to verify that they are adequately vegetated. 
 
2.2.3 Hydraulic Structures    
 
During closure construction the principal and emergency spillways have been removed.  Rainfall falling 
within the footprint of the LCPB is routed to 5 stormwater outlets around the perimeter embankment. 
 
2.2.4 LCPB Investigation Conclusions 
 
There were no significant deficiencies or signs of instability observed during the field inspection of 
LCPB, however there are maintenance items and additional monitoring that should occur.  The following 
remedial items should be addressed as soon as feasible.  Ameren should prepare documentation detailing 
the corrective measures taken as these items are addressed. 
 
 Verify that rutting on the embankment crest has been repaired at the completion of closure 

construction. 
 We recommend inspecting the downstream slopes after construction has been completed to verify 

that they are adequately vegetated.   
 
3.0 OPERATIONS AND MAINTENANCE REVIEW 
 
The available operations and maintenance records were reviewed as part of the periodic structural stability 
assessment.  The review included the Labadie Bottom Ash & Fly Ash Pond Embankments O&M Manual, 
the preceding weekly and annual inspections for a period of 1 year, on-site meetings to discuss ongoing 
maintenance, and the most recent survey data provided by Ameren Missouri.  
 
The O&M Manual specifies minimum requirements for maintenance and establishes operational 
requirements for CCR placement.  The manual states that no alterations or repairs to structural elements 
should be made without the approval of the Chief Dam Safety Engineer. The O&M Manual is attached in 
Appendix A of the Ameren Missouri Labadie Energy Center: Evaluation of CCR Units report. 
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3.1 LCPA (Bottom Ash Pond) 
 
3.1.1 Operations 
 
The LCPA has been dewatered and is currently being closed.  The LCPA historically received bottom ash 
sluice flow, discharge from the LCPB, and flow from the Combined Drain Sump (CDS) which collects 
stormwater from the plant facility and coal pile, and wastewater treatment plant effluent.   
 
Table 1 includes pertinent data regarding the volume and depth of impounded CCR in the LCPA.   

 
Table 1 – Volume and depth of impounded CCR in LCPA 

CCR 
Unit 

Est. 
Volume of 

Water 
and CCR 

(CY) 

Est. 
Bottom 
Elev. of 

CCR Unit 
(feet) 

Est. 
Minimum 
CCR Elev. 

(feet) 

Est. 
Minimum 
Depth of 

CCR (feet) 

Est. 
Maximum 
CCR Elev. 

(feet) 

Est. 
Maximum 
Depth of 

CCR (feet) 

LCPA 16,208,668 407.6 478 68 507 97 
  
 
3.1.2 Maintenance 
 
Weekly inspection check sheets from January 2019 to May 2020, and the 2019 annual inspection check 
sheet were reviewed.  The following is a summary of observations from these inspections and their 
condition during the current inspection.  The 2019 Labadie Annual Levee Inspection is included in 
Appendix I. 
 
Weekly inspection reports describe erosion along Crest Rd at the discharge.  During the current inspection 
no erosion was observed in this location. 
 
In general, the inspection reports indicate the level of maintenance within the last year is adequate, and 
nearly all deficiencies recorded during the weekly and annual inspection reports within the last year have 
been addressed or are related to closure construction .  During the current inspection the vegetated 
embankment slopes had recently been mowed.  The current frequency of mowing and spraying should be 
adjusted as necessary to prevent excess vegetation growth and to promote dense vegetative cover.   
 
3.2 LCPB (Fly Ash Pond) 
 
3.2.1 Operations 
 
The LCPB has been dewatered, no longer receives CCRs and is being closed.  Historically, the LCPB 
received process water used to sluice fly ash.  There is no contributing watershed to this pond outside of 
the perimeter dike.   
 
Table 2 includes pertinent data regarding the volume and depth of impounded CCR in the LCPB.   
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Table 2 – Volume and depth of impounded CCR in LCPB 

CCR 
Unit 

Est. 
Volume of 

Water 
and CCR 

(CY) 

Est. 
Bottom 
Elev. of 

CCR Unit 
(feet) 

Est. 
Minimum 
CCR Elev. 

(feet) 

Est. 
Minimum 
Depth of 

CCR (feet) 

Est. 
Maximum 
CCR Elev. 

(feet) 

Est. 
Maximum 
Depth of 

CCR (feet) 

LCPB 3,861,136 460 481 21 501 41 
  
 
3.2.2 Maintenance 
 
Weekly inspection check sheets from January 2019 to May 2020, and the 2019 annual inspection check 
sheet were reviewed.  The following is a summary of observations from these inspections and their 
condition during the current inspection.  The 2019 Labadie Annual Levee Inspection is included in 
Appendix I. 
 
Weekly inspection reports minor deficiencies such as erosion or HDPE liner disturbance that are generally 
related to closure construction.   
 
The 2019 annual inspection noted small holes in the liner on the east side of the impoundment but further 
describes that they will be repaired as part of closure construction.  Ponding was noted at the downstream 
toe on the east side of the impoundment from a recent flood.  No flowing water was observed.  The report 
recommended that the area be monitored during routine inspections.  The report also describes ruts on the 
embankment crown, probably related to closure construction. 
 
In general, the inspection reports indicate the level of maintenance within the last year is adequate, and 
nearly all deficiencies recorded during the weekly and annual inspection reports within the last year have 
been addressed or are related to closure construction.  During the current inspection the downstream 
slopes were highly disturbed and should be reinspected at the completion of closure to verify they are 
adequately vegetated.        
 
4.0 DESIGN AND CONSTRUCTION DOCUMENT REVIEW 
 
4.1 LCPA (Bottom Ash Pond) 
 
4.1.1 Embankment and Foundation Stability 
 
There are no construction documents or records for the original construction of the LCPA Dam.  The 
embankment was raised 8.5 feet in the early 1990’s using a mixture of bottom and fly ash.  Fill placed to 
raise the embankments was blended and compacted to achieve permeability no greater than 1x10-6 
cm/sec.  Based on borings conducted in 2010, the top 9 to 10 feet of the embankment is medium dense to 
very dense and consists of bottom and fly ash.  Beneath the ash fill are 1 to 3 foot thick layers of clay, silt 
and sand.  The coarse grain layers have an estimated friction angle of 30 to 33°.  The fine grain soils have 
an undrained strength that ranges from 1400 to 1500 psf, based on UU tests and correlations for N-values, 
and CPT tip resistance and skin friction. 
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The embankment dam was constructed of compacted fill with upstream slopes of 2 horizontal (H) to 1 
vertical (V) and downstream slopes of 3H to 1V.  The minimum crown width is approximately 20 feet.  
The width of the embankment section is increased considerably on the west side of the impoundment 
because of fill placed for the plant access road and over a distance of 2000 lineal feet along the south side 
of the impoundment because of a beneficial fill. 
 
The initial periodic safety factor assessment for LCPA were completed in October 2016.  LCPA has been 
dewatered and is currently being closed.  Reitz & Jens completed analyses of LCPA for the closed 
condition.  Reitz & Jens’s report is included in Appendix D.  The initial periodic safety factor assessment 
was completed by Reitz & Jens, and is also included in Appendix D. 
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4.1.2 Slope Protection 
 
The perimeter berm of the LCPA was originally designed with vegetated downstream and upstream 
slopes.  Presently, the downstream slopes are vegetated.  The upstream slopes are being capped with 
HDPE geomembrane overlain by 2 feet of soil.  There are no design documents for the slope protection.  
No significant erosion concerns were observed during the inspection. 
 
4.1.3 Spillways 
 
The principal spillway has been converted to a stormwater inlet and gravity outfall for stormwater runoff 
from a closed section of the pond.  The emergency spillway has been removed.  Stormwater is routed to 5 
stormwater outlets through the perimeter embankment. 
 
4.2 LCPB (Fly Ash Pond) 
 
4.2.1 Embankment and Foundation Stability 
 
The original construction plans for the LCPB are presented in the O&M Manual.  The embankment dam 
was constructed of earth fill with upstream slopes of 2H to 1V and 3H to 1V, and downstream slopes of 
3H to 1V.  Earth fill was obtained from the incised portion of the pond, and the lowest elevation at the 
bottom of the pond is at 460.0 feet.  The crown width is 10 feet near the northwest corner of the pond 
where the embankment height is generally less than 10 feet.  The crown width for the remainder of the 
pond has a minimum width of 20 feet.  The interior of the LCPB is lined with 60 MIL HDPE on the 
interior slopes, and 40 MIL HDPE on the pond bottom. 
 
The embankment was constructed of earth fill burrowed from the interior of the pond.  The design plans 
note that the top 6 feet of the foundation soil inside the perimeter berm should be used as fill.  CPT 
soundings conducted in 2010 showed that the embankment fill is heterogeneous and consists of sand, silt 
and clay that were generally placed in 8 to 12 inch thick lifts.  The coarse grain lifts are generally medium 
dense and the fine grain lifts are firm to stiff. 
 
The initial periodic safety factor assessment for LCPB were completed in October 2016.  LCPB has been 
dewatered and is currently being closed.  Reitz & Jens completed analyses of LCPB for the closed 
condition.  Reitz & Jens’s report is included in Appendix D.  The initial periodic safety factor assessment 
was completed by Reitz & Jens, and is also included in Appendix D. 
 
  



Ameren Missouri Labadie Energy Center Page 9 
Evaluation of CCR Units – Periodic Structural Stability Assessment 
October 2021 
 

 
REITZ & JENS, INC. 

4.2.2 Slope Protection 
 
The LCPB was originally designed with vegetated downstream slopes and upstream slopes lined with 60-
mil HDPE. The vegetation on the downstream slopes has been highly disturbed by closure construction.  
A portion of the slopes has been seeded but vegetation has not been established.  We recommend 
inspecting the downstream slopes after construction has been completed to verify that they are adequately 
vegetated.  The upstream slopes are being capped with HDPE geomembrane overlain by 2 feet of soil.  
There are no design documents for the slope protection.  No significant erosion concerns were observed 
during the inspection.   
 
4.2.3 Spillways 
 
During closure construction the principal and emergency spillways have been removed.  Rainfall falling 
within the footprint of the LCPB is routed to 5 stormwater outlets around the perimeter embankment.  
 
5.0 PERIODIC STRUCTURAL STABILITY ASSESSMENT SUMMARY 
 
The initial periodic structural stability assessment found no structural stability deficiencies, no significant 
issues with the current operations and maintenance, and that the design and construction of the 
embankments and spillways were adequate for the range of loading conditions under which the CCR unit 
should be subjected.  However, the deficiencies listed below do need to be addressed. 
 
5.1 LCPA (Bottom Ash Pond) 
 
 Inspect areas disturbed by closure construction to verify that these areas have been restored and 

adequately armored for erosion protection.  Inspect the stormwater outlets to verify that they have 
been installed in accordance with closure plans. 

 
5.2 LCPB (Fly Ash Pond) 
 
 Verify that rutting on the embankment crest has been repaired at the completion of closure 

construction. 
 We recommend inspecting the downstream slopes after construction has been completed to verify 

that they are adequately vegetated. 
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Geotechnical Engineering •Water Resources •Construction Engineering & Quality Control •Environmental Restoration & Permitting 

 
December 14, 2020 
 
 
Jeffrey Greer, P.E. 
Manager of Dam Safety & Hydro Licensing 
Ameren Missouri 
11149 Lindbergh Business Ct. 
St. Louis, MO 63123 
 
RE: Ameren Missouri – Labadie Energy Center 
 2020 Annual Inspection 
 Landfill Cell 1 (LCL1), Fly Ash Pond (LCPB) and Bottom Ash Pond (LCPA) 
 
Dear Matt, 
 
Enclosed herewith are Annual Inspection Check Sheets for the 2020 Annual Inspection of the 
active surface impoundments Fly Ash Pond (LCPB) and Bottom Ash Pond (LCPA), and active 
landfill Cell 1 (LCL1) at Ameren Missouri’s Labadie Energy Center conducted on October 28, 
2020 by Reitz & Jens and Ameren Personnel.  The Annual Inspection was in general accordance 
with 40 CFR Part 257.83(b), and included a review of available information regarding the status 
and condition of the CCR unit, including files available in the operating record. 
 
No signs of structural weakness which would impact the operation and safety of the unit were 
observed.  Minor maintenance items observed in the 2020 Annual Inspection associated with 
routine upkeep, presently do not impact the structural integrity of the embankment.  Nonetheless, 
Ameren should address these minor maintenance items in a timely manner. 
 
The following documents were reviewed as part of the Inspection: 
 

1. Ameren Missouri. (2012). “Operation and Maintenance Manual; Labadie Bottom Ash & 
Fly Ash Pond Embankments, Labadie, Missouri, Franklin County.” Dam Safety and 
Hydro Engineering, St. Louis, Missouri. 

2. Ameren Missouri. (2016). Operation and Maintenance Manual for Cell 1 and Pond 1, 
Labadie Energy Center Utility Waste Landfill, Franklin County, Missouri.” Power 
Operations Services, St. Louis, Missouri. 

3. Ameren Missouri. (2016). “Ameren Missouri Labadie Energy Center Construction 
Permit Modifications for Permitted Utility Waste Landfill, Permit Number 0907101, 
Franklin County, Missouri.”  

4. Ameren Missouri. (2016). “2016 Labadie Annual Inspection Checklist.” September 23, 
2016 
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5. Ameren Missouri. (2017). “2017 Labadie Annual Inspection Checklist.” September 21, 
2017 

6. Ameren Missouri. (2018). “2018 Labadie Annual Inspection Checklist.” September 19, 
2018 

7. Ameren Missouri. (2018). “Labadie Energy Center Ash Pond Closures 95% Construction 
Drawings Franklin County, Missouri Revised February 2020.”  

8. Ameren Missouri. (2019). “2019 Labadie Annual Inspection Checklist.” September 17, 
2019 

9. Ameren Missouri. (2019). “Cell 1, Labadie Fly Ash Pond, and Labadie Bottom Ash 
Pond, Weekly Inspection Checksheet.” January 4 to December 31, 2019 

10. Ameren Missouri. (2020). “Cell 1, Labadie Fly Ash Pond, and Labadie Bottom Ash 
Pond, Weekly Inspection Checksheet.” January 8 to May 19, 2020 

11. Ameren Ash Volumes Inventory, Excel Spreadsheet 

12. Ameren CCR Unit Inventory, Excel Spreadsheet 

13. Environmental Protection Agency (EPA). (2015). “Hazardous and Solid Waste 
Management System; Disposal of Coal Combustion Residuals from Electric Utilities.” 40 
CFR Parts 257 to 261. Vol. 80. No. 74. Federal Register 

14. O’Brien & Gere. (2011). “Dam Safety Assessment of CCW Impoundments, Labadie 
Power Station.” USEPA Contract Number; EP-10W000673 

 
The subsequent annual inspection must be conducted no later than October 28, 2021. 
 
 
Sincerely,  

 
Jeff Bertel, P.E. 
Project Manager 
Reitz & Jens, Inc. 
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LABADIE ENERGY CENTER Date 10/28/2020 
Bottom Ash Pond (LCPA) 
Annual Inspection Check Sheet 

Inspector J. Bertel, L. Sutton, A. 
Martinez, M. Lueckenhoff 

 Pool Level NA 
 River Level El. 452 
 Temperature 45°F 
 Weather Cloudy 
 
Date of Previous Annual Inspection: 09/17/2019   
 
Date of Previous Periodic Inspection: 09/23/2015  
 
Description of Emergency (EC) or Immediate Maintenance (IM) conditions observed since 
the last annual inspection: 
None  
 
Describe any action taken to restore or improve safety and integrity of impounding 
structure: 
The impoundment is currently being closed and no longer contains impounded water.  
 
Describe any modifications to the geometry of the impounding structure since the 
previous annual inspection: 
The interior of the impoundment is being  capped with 2 feet of soil and an HDPE 
geomembrane.  The interior has been graded to drain surface water to conduits through the 
perimeter embankment, the HDPE geomembrane has been installed, and soil is being placed 
on top of the geomembrane.  
 
Describe any modifications to the operation of the impounding structure since the 
previous annual inspection: 
Impoundment no longer used for ash handling and disposal, and is being closed.  
 
List the approximate remaining storage capacity of the impounding structure: 
NA  
 
List the approximate maximum, minimum and present depth and elevation of the 
impounded water since the previous annual inspection: 
Max – el. 484.99 ft, depth 75.09 ft; Min – el. 477.85 ft, depth 68.04 ft; Present – None  
 
List the approximate maximum, minimum and present depth and elevation of the 
impounded CCR since the previous annual inspection: 
Max – el. 507 ft, depth 97 ft; Min – el. 478 ft, depth 68 ft; Present – el. 507, depth 97 feet   
 
Approximate volume of impounded water and CCR at the time of the inspection: 
16,208,668 CY of CCR, no impounded free water  
 
Describe any changes to the downstream watershed: 
None  
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Inlet and Outlet Works 
Item Condition 

Code 
Comments 

Outlet Condition NI The outlet has been retrofitted to serve as a pipe for stormwater only surface drainage from 
the closed impoundment.   

Valve Condition/ 
Operability 

NI The existing gate valves no longer serve any purpose. 

Discharge Piping 
Condition 

NI  

Leakage NI  
Outfall Condition NI  
Outlet Channel GC The outlet channel appeared in good condition. (IMG_3866) 

Discharge (color 
and/or sediment) 

NI Discharge was from stormwater runoff from a portion of closed impoundment. 

Obstructions GC No obstructions were observed in outlet channel. 
Instrumentation NI  
Inlet Piping and 

Supports Condition 
NI Inlet piping has been removed. 

Emergency Spillway 
Condition 

NI Emergency spillway has been filled as part of closure.  (IMG_3848) 

Other   
 
 
 

Earth Embankment 
Item Condition 

Code 
Comments 

Vertical & 
Horizontal 

Alignment of Crest 

GC There was no visible vertical or horizontal misalignment of the crest. (IMG_3851 and 
IMG_3853). 

Seepage/Wetness/ GC No seepage, wetness or ponding areas were observed. 
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Earth Embankment 
Item Condition 

Code 
Comments 

Ponding Areas 
Erosion GC No erosion was observed. 
Fencing GC The perimeter fence is in good condition. (IMG_20201028_091024) 

Vegetation GC Vegetation on the downstream embankment had recently been mowed and was in an 
adequate condition. (IMG_20201028_091654) 

Sloughs/Slides/ 
Cracks 

GC No sloughs, slides or cracks were observed. 

Animal Control GC  
Other MM The duckbill valve at Station 8+00 is no longer fixed to the outfall.  Reattach duckbill valve.  

(IMG_20201028_091336)  The duckbill valve at Station 16+00 is partially buried in 
sediment.  Remove sediment and create positive drainage away from the valve.  
(IMG_20201028_091901)  There is ponding above the invert of the duckbill valve at Station 
21+00.  Create positive drainage away from the outfall.  (IMG_20201028_092702) 

 
Note location of observation on attached plan sheet. 
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 

 

Outfall 8+00 Outfall 16+00 Outfall 21+00 



 

Figure 1 –LCPA outlet channel in good condition. 

 

Figure 2 – LCPA emergency spillway has been removed as part of closure. 



 

Figure 3 – Embankment crest on southwest side of LCPA. 

 

Figure 4 – Embankment crest on the west side of the impoundment. 



 

Figure 5 – The perimeter fence is in good condition. 

 

Figure 6 – Vegetation on downstream slope.. 



 

Figure 7 – Duckbill valve at Station 8+00 is no longer attached. 

 

Figure 8 – The duckbill valve at Station 16+00 is partially buried in sediment. 



 

Figure 9 – There is ponding above the invert of the duckbill valve at Station 21+00. 
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LABADIE ENERGY CENTER Date 10/28/2020 
Fly Ash Pond (LCPB) 
Annual Inspection Check Sheet 

Inspector J. Bertel, L. Sutton, A. 
Martinez, M. Leuckenhoff 

 Pool Level NA 
 River Level El. 452 
 Temperature 45° 
 Weather Cloudy 
 
Date of Previous Annual Inspection: 09/17/2019  
 
Date of Previous Periodic Inspection: 09/23/2015  
 
Description of Emergency (EC) or Immediate Maintenance (IM) conditions observed since 
the last annual inspection: 
None  
 
Describe any action taken to restore or improve safety and integrity of impounding 
structure: 
The impoundment is currently being closed and no longer contains impounded water.  
 
Describe any modifications to the geometry of the impounding structure since the 
previous annual inspection: 
The perimeter embankment on the east and south sides has been lowered to el. 488 feet.  The 
interior of the impoundment is being capped with 2 feet of soil and an HDPE geomembrane.  
The interior has been graded to drain surface water to conduits through the perimeter 
embankment, the HDPE geomembrane has been installed, and soil is being placed on top of 
the geomembrane.   
 
Describe any modifications to the operation of the impounding structure since the 
previous annual inspection: 
Impoundment no longer used for ash handling and disposal, and is being closed.   
 
List the approximate remaining storage capacity of the impounding structure: 
NA  
 
List the approximate maximum, minimum and present depth and elevation of the 
impounded water since the previous annual inspection: 
Max. – el. 481.5 feet, depth 21.5 feet, Min. – el. 467.75 feet, depth 7.75 feet, Present - None  
 
List the approximate maximum, minimum and present depth and elevation of the 
impounded CCR since the previous annual inspection: 
Max. – el. 501 feet, depth 41 feet, Min. – el. 481 feet, depth 21 feet, Present – el. 501 feet, 
depth 41 feet.   
 
Approximate volume of impounded water and CCR at the time of the inspection: 
3,861,136 CY of CCR, no impounded free water  
 
Describe any changes to the downstream watershed: 
None.  
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Inlet and Outlet Works 
Item Condition 

Code 
Comments 

Outlet Condition NO Outlet has been removed as part of closure. 
Pump Condition/ 

Operability 
NO  

Outfall Condition NO  
Leakage NO  

Discharge (color 
and/or sediment) 

NO  

Obstructions NO  
Instrumentation NO  
Inlet Piping and 

Supports 
NO Inlet piping has been removed as part of closure. 

Emergency Spillway 
Condition 

NO Emergency spillway has been removed as part of closure. 

Other   
 

Earth Embankment 
Item Condition 

Code 
Comments 

Vertical & 
Horizontal 

Alignment of Crest 

GC There was no visible vertical or horizontal misalignment of the crest. (IMG_3807 and 
IMG_3812). 

HDPE Liner NI The bottom HDPE liner is covered with soil used for closure. 
Seepage/Wetness/ 

Ponding Areas 
GC No seepage/wetness or ponding areas observed. 

Erosion/Rutting OB Rutting was observed on the embankment crest on the east and south sides.  (IMG_3802)  
It is likely the ruts will be addressed during closure construction. 

Fencing GC The perimeter fence is in good condition. 
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Earth Embankment 
Item Condition 

Code 
Comments 

Vegetation MM The vegetation on the downstream slopes has been highly disturbed by closure 
construction (IMG_1339).  A portion of the slopes has been reseeded but vegetation has 
not been established.  We recommend inspecting the downstream slopes after construction 
has been completed. 

Animal Control GC  
Sloughs/Slides/ 

Cracks 
GC No sloughs, slides or cracks were observed. 

Other   
 
Note location of observation on attached plan sheet. 
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 

 



 

Figure 1 –LCPB embankment crest with ruts on east side of the impoundment. 

 

Figure 2 – LCPB embankment crest with ruts on east side of the impoundment. 



 

Figure 3 – LCPB embankment crest with ruts on east side of the impoundment. 



 

Figure 4 – The downstream slopes have been highly disturbed by closure construction. 

 

Figure 5 – LCPB outlet works have been removed. 



 Page 1 of 8 
 

LABADIE ENERGY CENTER Date 10/28/2020 
Cell 1 (LCL1) and Pond 1 Inspector J. Bertel, M. Lueckenhoff 
 Weather 45° 
 Temperature Cloudy 
 
Date of Previous Annual Inspection: 09/17/2019  
 
Date of Previous Periodic Inspection: 12/14/2016  
 
Description of Emergency (EC) or Immediate Maintenance (IM) conditions observed since 
the last annual inspection: 
None  
 
Describe any action taken to restore or improve safety and integrity of impounding 
structure: 
None  
 
Describe any modifications to the geometry of the impounding structure since the 
previous annual inspection: 
None.  
 
Describe any modifications to the operation of the impounding structure since the 
previous annual inspection: 
Currently installing the UWL return water line to help manage water levels in Pond 1.  
 
List the approximate remaining storage capacity of the impounding structure: 
2,293,608 CY  
 
List the approximate maximum, minimum and present depth and elevation of the 
impounded CCR in Cell 1 since the previous annual inspection: 

 Maximum Minimum Present 
 Elevation 

(ft) 
Depth 

(ft) 
Elevation 

(ft) 
Depth 

(ft) 
Elevation 

(ft) 
Depth 

(ft) 
Cell 1 484 6 479 2 484 6 

 
Approximate volume of CCR at the time of the inspection: 
121,353 CY  
 
Describe any changes to the downstream watershed: 
None.  
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Is water ponded in Cell 1? (Y or N) No 
Water Level in Pond 1 (Meter at Pump Wet Well) 127.1 
Elapsed Hours on Cell 1 North Leachate Pump 
(#1) 

9,646.5 

Elapsed Hours on Cell 1 South Leachate Pump 
(#2) 

10,165.5 

 
 

Cell 1 

Item Condition Code Comments 
Erosion, sloughing, 
sliding, boils, 
seepage 

GC None observed. (IMG_3931, IMG_3934 and IMG_3935) 

Settlement, 
depression or crack 
in embankment 

GC The FCM revetment has a small crack near the downstream toe where it curves downward into the 
anchor trench.  This condition does not seem indicate a larger issue related to embankment stability.  
Monitor during future inspections.  (IMG_3948) 

Erosion or rutting 
gravel top & 
perimeter roads and 
external ramps 

GC No erosion or rutting observed. (IMG_3936) 

Storm Water Inlet to 
Pond 1 – settlement, 
cracking, depression 

OB Small cracks have developed in the center slabs.  Monitor the cracks during future inspections. 
(IMG_3933) 

FCM revetment below 
Storm Water Inlet in 
Pond 1 

GC  

HDPE Liner – 
damage, folds, etc. 

NI HDPE liner is not exposed. 

HDPE Rain Flap – 
damage, folds, out of 
position 

GC The rain flap appeared to be adequately secured. (IMG_3937) 

Leachate Pump No. 1 
(North) – note alarm, 
damage, slide erosion 

GC ☒ Check if pump test passed. 
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Cell 1 

Item Condition Code Comments 
Leachate Pump No. 1 
(North) – record both 
leachate level meters 

GC Pump Level – 13.4” 
Secondary Level – 10.9” 

Leachate Pump No. 2 
(South) – note alarm, 
damage, slide, 
erosion 

GC ☒ Check if pump test passed. 

Leachate Pump No. 2 
(South) – record both 
leachate level meters 

GC Pump Level – 16.4” 
Secondary Level – 17.2” 

Storm Water Sump 
Pump – running, 
alarm, power on, 
discharge to Pond 

GC Stormwater pump was not actively running but appeared functional.  

 

Leachate Tank 

Item Condition Code Comments 
Leachate Tank – 
record leachate level, 
note alarm, leakage, 
damage 

OB Level in Tank – -144.2” 
Verify that level sensor is calibrated and the reading is meaningful. 

Leachate Tank Heat 
Trace – note alarm, 
any damage 

MM Alarm indication lights were on for the heat trace.  Repair heat trace electrical system.  (IMG_3925) 

Main Electric Panel – 
note any alarms, 
damage, any 
problems 

GC  
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Evaporator No. 1 (West) 
Item Condition Code Comments 

Evaporator – note if 
running, any alarm, 
leaking, hose, any 
problems 

GC Evaporator was running. (IMG_3930) 

Booster Pump – note 
if running, any 
alarms, leaks, hoses, 
any problems 

GC Booster pump was running.  (IMG_3933) 

Electric Panel – note 
any alarm, any 
problems, check 
cables 

NO  

 

Evaporator No. 2 (East) 
Item Condition Code Comments 

Evaporator – note if 
running, any alarm, 
leaking, hose, any 
problems 

GC Evaporator was running. (IMG_3930) 

Booster Pump – note 
if running, any 
alarms, leaks, hoses, 
any problems 

GC Booster pump was running.  (IMG_3932) 

Electric Panel – note 
any alarm, any 
problems, check 
cables 

NO  
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Pond 1 

Item Condition Code Comments 
Perimeter erosion, 
sloughing, slides, 
boils, seepage 

GC None observed. (IMG_3927 and IMG_3929) 

Settlement, 
depression or crack 
in embankment 

GC No settlement, depressions or cracks observed. 

Erosion or rutting 
gravel top & 
perimeter roads and 
external ramps 

GC No erosion or rutting observed. 

Emergency Spillway – 
settlement, cracking, 
depression 

GC The emergency spillway was in good condition.  (IMG_3920 and IMG_3921) 

Imminent discharge 
through emergency 
spillway 

GC The water level was several feet below the spillway invert. (IMG_3920) 

HDPE Liner – 
damage, folds, etc. 

GC The HDPE liner appeared in good condition. 

Pipes from Leachate 
Tank and Evaporator 
Booster Pumps 

GC  

 

Storm Water Wet Well 
Item Condition Code Comments 

Gate Valve to Pond 1 
– normally should be 
fully open 

GC  

Gate Valve to Exterior 
Flood Water Inlet – 
should be fully closed 

OB Some corrosion on handwheel, gate stem, valve housing and stem brackets. Some corrosion on 
handrail adjacent to metal grating.  Remove corrosion and paint.  (IMG_3913 to IMG_3916)   
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Storm Water Wet Well 
Item Condition Code Comments 

Storm Water Pump 
No. 1 – note if 
running, any alarms, 
valve position 

NI Storm water pump was not running during the inspection. 

Storm Water Pump 
No. 2 – note if 
running, any alarms, 
valve position 

NI Stormwater pump was not running during the inspection. 

Storm Water Pumps 
Electrical Panel – 
note any alarms, 
problems 

GC  

Flood Water Inlet – 
note any discharge, 
accumulation of 
debris 

GC  

 

Other 

Item Condition Code Comments 
Hydrant NI  
Overpass NI  
Overpass Abutments 
& Wing Walls – 
seepage, settlement, 
problems 

NI  

Lights, Security 
Cameras 

NI  

Perimeter Fence & 
Gate – holes, breaks, 
vandalism, gates 
unlocked 

GC  
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 

 
Drive slowly around tops of embankments looking for visible signs of present or developing 
major problems.  Indicate location(s) of problems or anomalies on inspection plan - sign, date 
and attach sheet to report. 
 
If a problem is noted, email or FAX report to appropriate persons.  If emergency condition is 
noted, immediately contact the Shift Operations Supervisor and Chief Dam Safety Engineer. 
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Campbell, Gene A

From: Campbell, Gene A
Sent: Friday, November 22, 2019 11:58 AM
To: Becker, Albert W; Morrell, Patrick G
Cc: Frerking, Matthew K; Greer, Jeff W
Subject: Labadie 2019 Annual Dam Safety Levee Inspection 
Attachments: BAP.pdf; FAP.pdf; Landfill.pdf

All, 
 
The 2019 Labadie Pond LCPA (Bottom Ash Pond), Pond LCPB (Fly Ash Pond), and Landfill LCL1 (Labadie 
Landfill) inspection checklists are attached.  The inspection was performed by Gene Campbell and Albert 
Becker on September 17, 2019.   
 
Inspection photos are located at P:\Labadie\Dam Safety\Annual Inspections\2019 Inspection\09-17-19 Final 
Inspection Photos 
  
Overall the ponds and landfill are in good condition with minor maintenance items identified.  The following are 
recommended action items from the annual inspection.  Please review the action items and give me a call if 
you have any questions.  Dam Safety will coordinate with our vegetation contractor to continue maintaining the 
vegetation on the levee. 
  
Dam Safety and Maintenance Items from the Annual Inspection 
 
Pond LCPA (Bottom Ash Pond) 
 

1. Known leak through the discharge on valve 2.   
2. Standing water was noted at the toe of the levee on the south side due to tire ruts.  This rutting should 

be repaired to create positive drainage. 
3. Standing water was noted at the toe of the levee on the west side of the pond.  This area should 

continue to be inspected during the plant weekly inspections. 
4. Continue to clear vegetation on the slopes of the embankment 
5. Repair the erosion on the upstream side of the levee near the emergency spillway. 
6. Clean the staff gage. 

 
Pond LCPB (Fly Ash Pond) 
 

1. Continue to clear the vegetation on the embankments and on the crest.  
 
Landfill (Cell 1 and Pond 1) 
 

1. Minor erosion area noted on the upstream side at the northeast corner of the landfill.  This area should 
continue to be inspected during the plant weekly inspections. 

2. There is a tear in the HDPE rain flap on the upstream southwest corner of the Landfill.  This should be 
repaired. 

3. There is a faulty level sensor for Leachate Pump 1 and 2.  Parts are on order. 
4. There is a faulty level sensor on the leachate tank.  Parts are on order. 
5. Erosion was noted on the perimeter ramps.  The ramps should be repaired. 

 
Completed actions since the last inspection 
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1. Vegetation management completed Dam Safety's Vegetation Contractor. 
                                                                                                                                                                 

Please let me know if you have any questions or comments. 
 
Thank you, 
 
 

: : : : : : : : : : : : : : : : : : : : : : : : :  

GENE CAMPBELL, P.E., PMP 
Career Engineer 
Dam Safety & Hydro Engineering 
T 314.957.3432 
C 618.444.0823 
E gcampbell2@ameren.com 
......................... 

Ameren Missouri 
11149 Lindbergh Business Ct.   
St. Louis, Missouri 63123 
AmerenMissouri.com 

Please consider the environment before printing this e-mail. 
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Inlet and Outlet Works 
Item Condition 

Code 
Comments 

Outlet Condition OB The outlet structure is generally in good condition, with some corrosion on metal parts.  The 
crane mast is bent and may be repaired as necessary. 

Valve Condition/ 
Operability 

MM Valve 1 is stuck in the open position.  
Minor leak past valve 2. 

Discharge Piping 
Condition 

GC The discharge piping appears to be in good condition. 

Leakage GC/MM No leakage was observed around the discharge pipe. 
Minor leak through valve 2 in the discharge pipe (see valve condition/operability).   
Valve 1 is stuck in the open position (see valve condition/operability). 

Outfall Condition GC The outfall is in good condition. 
Outlet Channel GC  

Discharge (color 
and/or sediment) 

GC Discharge water was clear. 

Obstructions GC No obstructions observed. 
Instrumentation MM Clean staff gage. 
Inlet Piping and 

Supports Condition 
GC  

Emergency Spillway 
Condition 

GC The emergency spillway is in good condition. 

Other   
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Earth Embankment 
Item Condition 

Code 
Comments 

Vertical & 
Horizontal 

Alignment of Crest 

GC No visual displacement observed. 

Seepage/Wetness/ 
Ponding Areas 

MM There is ponding water at the south and west downstream toe of the levee from the recent 
2019 flood.  There is no flowing water.  This area should continue to be observed during 
routine inspections. 

Erosion MM Erosion noted on the upstream slope of the bottom ash pond near the emergency spillway.  
The erosion should be repaired. 

Fencing GC  
Vegetation MM Unable to mow vegetation at the west and south downstream toe of the levee due to 

standing water. 
Clear additional vegetation on the south downstream slope. 
Continue to clear vegetation on the crest and downstream side of the levee.   

Sloughs/Slides/ 
Cracks 

GC None observed. 

Animal Control GC No presence of burrowing activity. 
Other GC Repaired upstream erosion on the west slope. 

 
Note location of observation on attached plan sheet. 
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 
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Inlet and Outlet Works 
Item Condition 

Code 
Comments 

Outlet Condition NI The pond is drained.  The outlet has been removed for pond closure. 
Pump Condition/ 

Operability 
NI The pond is drained. Pumps have been removed for pond closure.   

Outfall Condition NI The pond is drained.  There is no outfall. 
Leakage NI The pond is drained. 

Discharge (color 
and/or sediment) 

NI The pond is drained and no longer discharging.   

Obstructions NI The pond is drained.  The outlet has been removed for pond closure. 
Instrumentation NI The pond is drained.  There is no instrumentation.  
Inlet Piping and 

Supports 
NI No longer sluicing to the pond.  

Emergency Spillway 
Condition 

NI The pond is drained.  The emergency spillway has been removed for pond closure. 

Other   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 LABADIE ENERGY CENTER  Page 3 of 4 
 Fly Ash Pond (LCPB) 
 Annual Inspection Check Sheet 
 

Earth Embankment 
Item Condition 

Code 
Comments 

Vertical & 
Horizontal 

Alignment of Crest 

GC/MM There was no visible vertical or horizontal misalignment of the crest.   
Clear additional minor vegetation on the crest road 

HDPE Liner OB There were small holes noted in the liner on the east side of the pond.  This will be 
addressed as part of the ongoing pond closure.  No action required.  

Seepage/Wetness/ 
Ponding Areas 

OB There is ponding water at the east downstream toe of the levee from the recent 2019 flood.  
There is no flowing water.  This area should continue to be observed during routine 
inspections. 

Erosion/Rutting OB Minor rutting observed on the crest of the levee. 
Fencing GC  

Vegetation MM Unable to mow vegetation at the east downstream toe of the levee due to standing water. 
Clear vegetation at the northwest corner of the pond, downstream of the landfill haul road. 
Clear small area of vegetation at the north downstream side of the levee. 
Spray vegetation on the upstream side of the levee. 
Continue to clear vegetation on the crest and downstream side of the levee. 

Animal Control GC No animal burrows were observed. 
Sloughs/Slides/ 

Cracks 
GC None observed. 

Other GC Repaired erosion area on the south downstream side of the levee. 
 
Note location of observation on attached plan sheet. 
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 
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Is water ponded in Cell 1? (Y or N) No 
Water Level in Pond 1 (Meter at Pump Wet Well) 211 inches 
Elapsed Hours on Cell 1 North Leachate Pump 
(#1) 

5959.9 

Elapsed Hours on Cell 1 South Leachate Pump 
(#2) 

6263.3 

 
 

Cell 1 

Item Condition Code Comments 
Erosion, sloughing, 
sliding, boils, 
seepage 

OB Minor erosion at the upstream northeast and northwest corners of the landfill. 

Settlement, 
depression or crack 
in embankment 

GC  

Erosion or rutting 
gravel top & 
perimeter roads and 
external ramps 

GC  

Storm Water Inlet to 
Pond 1 – settlement, 
cracking, depression 

GC  

FCM revetment below 
Storm Water Inlet in 
Pond 1 

OB There is a tear in the FMC blanket near the toe where the FMC is anchored into the ground.  The 
tear is along the entire length of the FCM. 

HDPE Liner – 
damage, folds, etc. 

NI Liner is not exposed to inspect. 

HDPE Rain Flap – 
damage, folds, out of 
position 

MM There is a tear in the HDPE rain flap on the upstream southwest corner of the Landfill. 

Leachate Pump No. 1 
(North) – note alarm, 
damage, slide erosion 

GC Check if pump test passed. 
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Cell 1 

Item Condition Code Comments 
Leachate Pump No. 1 
(North) – record both 
leachate level meters 

MM Pump Level – 55.0” – High level alarm is on 
Secondary Level – 51.4” 
The high level alarm is due to a faulty level sensor.  Parts are on order to replace.  Pump is running. 

Leachate Pump No. 2 
(South) – note alarm, 
damage, slide, 
erosion 

GC Check if pump test passed. 

Leachate Pump No. 2 
(South) – record both 
leachate level meters 

MM Pump Level – 56.5” – High level alarm is on 
Secondary Level – 57.1” 
The high level alarm is due to a faulty level sensor.  Parts are on order to replace.  Pump is running. 

Storm Water Sump 
Pump – running, 
alarm, power on, 
discharge to Pond 

GC Pump was bumped and ran without issue. 

 

Leachate Tank 

Item Condition Code Comments 
Leachate Tank – 
record leachate level, 
note alarm, leakage, 
damage 

MM Level in Tank – 7.1”.  Faulty level sensor.  Parts are on order to replace. 

Leachate Tank Heat 
Trace – note alarm, 
any damage 

GC  

Main Electric Panel – 
note any alarms, 
damage, any 
problems 

GC  
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Evaporator No. 1 (West) 
Item Condition Code Comments 

Evaporator – note if 
running, any alarm, 
leaking, hose, any 
problems 

GC Evaporator was running during the inspection. 

Booster Pump – note 
if running, any 
alarms, leaks, hoses, 
any problems 

GC Booster Pump was running during the inspection. 

Electric Panel – note 
any alarm, any 
problems, check 
cables 

GC  

 

Evaporator No. 2 (East) 
Item Condition Code Comments 

Evaporator – note if 
running, any alarm, 
leaking, hose, any 
problems 

GC Evaporator was running during the inspection. 

Booster Pump – note 
if running, any 
alarms, leaks, hoses, 
any problems 

GC Booster Pump was running during the inspection. 

Electric Panel – note 
any alarm, any 
problems, check 
cables 

GC  
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Pond 1 

Item Condition Code Comments 
Perimeter erosion, 
sloughing, slides, 
boils, seepage 

GC  

Settlement, 
depression or crack 
in embankment 

GC  

Erosion or rutting 
gravel top & 
perimeter roads and 
external ramps 

MM Erosion noted on the perimeter ramps.  This is an ongoing maintenance item.  These ramps will be 
regraded. 

Emergency Spillway – 
settlement, cracking, 
depression 

GC  

Imminent discharge 
through emergency 
spillway 

GC See water level reading. 

HDPE Liner – 
damage, folds, etc. 

GC  

Pipes from Leachate 
Tank and Evaporator 
Booster Pumps 

GC  

 

Storm Water Wet Well 
Item Condition Code Comments 

Gate Valve to Pond 1 
– normally should be 
fully open 

GC  

Gate Valve to Exterior 
Flood Water Inlet – 
should be fully closed 

GC  
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Storm Water Wet Well 
Item Condition Code Comments 

Storm Water Pump 
No. 1 – note if 
running, any alarms, 
valve position 

NI Storm water pump was not running during the inspection. 

Storm Water Pump 
No. 2 – note if 
running, any alarms, 
valve position 

NI Storm water pump was not running during the inspection. 

Storm Water Pumps 
Electrical Panel – 
note any alarms, 
problems 

GC  

Flood Water Inlet – 
note any discharge, 
accumulation of 
debris 

GC  

 

Other 

Item Condition Code Comments 
Hydrant GC  
Overpass GC  
Overpass Abutments 
& Wing Walls – 
seepage, settlement, 
problems 

GC  

Lights, Security 
Cameras 

GC  

Perimeter Fence & 
Gate – holes, breaks, 
vandalism, gates 
unlocked 

GC  
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Condition Code 
EC = Emergency Condition.  A serious dam safety condition exists that need immediate 
action.  Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool 
draw down, work stoppage, plant stoppage. 
IM = Item needing immediate maintenance to restore or ensure its safety and integrity.  
Remediation should be complete within 1 month or as required. 
MM = Minor Maintenance.  Item needing minor maintenance and/or repairs within the year.  
The safety or integrity of the item is not yet imperiled. 
OB = Condition requires regular observation and potential future minor maintenance. 
GC = Good Condition 
NO = No observation possible. 
NI = Not Inspected.  State reason in comment column. 

 
Drive slowly around tops of embankments looking for visible signs of present or developing 
major problems.  Indicate location(s) of problems or anomalies on inspection plan - sign, date 
and attach sheet to report. 
 
If a problem is noted, email or FAX report to appropriate persons.  If emergency condition is 
noted, immediately contact the Shift Operations Supervisor and Chief Dam Safety Engineer. 



 

 
REITZ & JENS, INC. 
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AMEREN MISSOURI LABADIE ENERGY CENTER 
EVALUATION OF CCR UNITS 

FRANKLIN COUNTY, MISSOURI 

APPENDIX D: SAFETY FACTOR ASSESSMENT §257.73(e) 
 
 
1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments have been dewatered, no longer receive CCRs and are currently 
being closed.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
40 CFR §257.73(e) requires that the owner or operator of an existing CCR surface impoundment to 
conduct initial and periodic safety factor assessments for each CCR unit and document whether the 
calculated factors of safety for each CCR unit achieve the minimum factors of safety for the critical cross 
section of the embankment.  The critical cross section is the cross section anticipated to be the most 
susceptible of all cross sections to structural failure based on appropriate engineering considerations, 
including loading conditions.  The safety factor assessments should be supported by appropriate 
engineering calculations.  The specified minimum safety factors are shown in Table 1. 
 
Table 1 - Minimum Safety Factors 

Loading Condition Minimum Factor of Safety 
Static, long-term, maximum storage pool 1.50 
Static, maximum surcharge pool 1.40 
Seismic 1.00 
Liquefaction 1.20 
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2.0 REVIEW OF PREVIOUS SAFETY FACTOR ASSESSMENT 
 
The initial periodic safety factor assessment for LCPA and LCPB was completed in October 2016.  The 
Initial Periodic Safety Factor Assessment report documents the analyses performed and includes graphical 
outputs of the results of the stability analyses is included in Appendix I.  The LCPA and LCPB no longer 
receives CCRs, have been dewatered and are currently being closed.  The current conditions are no longer 
representative of those used in the 2016 assessment.  Reitz & Jens completed analyses of LCPA and 
LCPB for the closed condition.  Reitz & Jens’s geotechnical analyses reports for closure of LCPA and 
LCPB are included in Appendix II. 
 
3.0 CONCLUSIONS 
 
The initial periodic safety factor assessment for the LCPA and LCPB found that the calculated factors of 
safety for the critical cross-sections for the CCR units exceed the minimum factors of safety for each 
loading condition required by 40 CFR §257.73(e).  The LCPA and LCPB have been dewatered and are 
currently being closed.  A safety factor assessment for the closed condition has been performed by Reitz 
& Jens.  They found that the static and seismic analyses meet or exceed the minimum requirements. 
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AMEREN MISSOURI LABADIE ENERGY CENTER 
EVALUATION OF CCR UNITS 

FRANKLIN COUNTY, MISSOURI 

APPENDIX D: SAFETY FACTOR ASSESSMENT §257.73(e) 
 
 
1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments are used for managing coal combustion residuals (CCR).  Decant 
water in the LCPB is pumped into LCPA, and a NPDES permitted outfall from LCPA discharges into 
Labadie Creek.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
40 CFR §257.73(e) requires that the owner or operator of an existing CCR surface impoundment to 
conduct initial and periodic safety factor assessments for each CCR unit and document whether the 
calculated factors of safety for each CCR unit achieve the minimum factors of safety for the critical cross 
section of the embankment.  The critical cross section is the cross section anticipated to be the most 
susceptible of all cross sections to structural failure based on appropriate engineering considerations, 
including loading conditions.  The safety factor assessments should be supported by appropriate 
engineering calculations.  The specified minimum safety factors are shown in Table 1. 
 
Table 1 - Minimum Safety Factors 

Loading Condition Minimum Factor of Safety 
Static, long-term, maximum storage pool 1.50 
Static, maximum surcharge pool 1.40 
Seismic 1.00 
Liquefaction 1.20 

 
A periodic safety factor assessment has been conducted for the active surface impoundments at the 
Labadie Energy Center, which includes the Bottom Ash Pond and Fly Ash Pond. 
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2.0 PERIODIC SAFETY FACTOR ASSESSMENT 
 
2.1 Static Stability Analyses 
 
Slope stability analyses were performed in general accordance with United States Army Corps of 
Engineers (USACE) EM1110-2-1902 Slope Stability and MSHA’s 2009 Engineering and Design Manual 
for Coal Refuse Disposal Facilities, and using the computer program SLIDE 6.0.  This program uses the 
Spencer method in a limit-equilibrium analysis, which resolves the static forces on each vertical slice of 
soil profile along a given circular or irregular assumed failure surface.  The program searches for the 
minimum Factor of Safety (FS) against slope failure for each center point in the grid by incrementally 
varying the radius of the failure surface.  The plotted results from the program show the minimum FS, and 
the center and radius of the failure surface with the minimum FS.  The output of the program also plots 
contours of equal FS within the grid of possible center points. 
 
2.2 Seismic Stability Analyses 
 
The critical cross-section was analyzed using a pseudo-static acceleration as a horizontal body force on 
the soil mass to calculate the minimum factor of safety for a seismic event.  The seismic acceleration was 
based upon the USGS 2014 seismic hazard maps for a Peak Horizontal Ground Acceleration (PHGA) for 
seismic loading event with a 2% probability of exceedance in 50 years.  The PHGA was factored for the 
seismic site class in accordance with ASCE 7 Minimum Design Loads for Buildings and Other Structures, 
International Building Code.  A seismic coefficient of 0.5 was applied to the PHGA, which is consistent 
with MSHA’s 2009 Engineering and Design Manual for Coal Refuse Disposal Facilities, in particular 
Chapter 7, “Seismic Design: Stability and Deformation Analyses.”  The manual cites research by Hynes-
Griffen and Franklin (1984) which found that for seismic coefficient of 0.5 would result in deformations 
of less than 3 feet for a safety factor of 1.0. 
 
The published 2014 USGS hazard map for the Labadie Energy Center is reproduced in Figure 2.  This is 
the latest map available from the USGS website.  The probabilistic PHGA for the design earthquake at the 
Labadie site is 0.180g (that is, 18.0% of standard gravity acceleration of 32.2 feet/sec2).  This value takes 
into account attenuation of bedrock shaking with distance from the probable sources and general soil 
interactions such as damping for a hypothetical soil profile.  This value is meant to be a conservative 
estimate.  Based upon the data, the most probable earthquake magnitudes (Mw) for these accelerations are 
between 7.0 and 8.0.  We applied a multiplier of 1.440 to the base PHGA to account for the soil profile at 
the LEC to obtain a site specific PHGA of 0.259g.  Therefore, the pseudo-static seismic load was 0.130g. 
 
2.3 Liquefaction Stability Analyses 
 
The liquefaction slope stability analysis is a post-earthquake, static analysis which includes the effects of 
potential liquefaction or softening of the soils.  Liquefaction occurs when ground shaking is sufficient to 
produce cyclic particle movements that cause excess pore water pressures to build to the point that most 
of the shear strength of the soil is lost.  Liquefaction occurs in loose sandy soils with less than about 35% 
fines (soils which are finer than standard U.S. #200 or 0.075mm).  Liquefaction can occur in very loose 
soils with up to 50 percent fines, and soils up to the size of fine gravel.  Liquefaction only occurs below 
the ground water table (phreatic surface).  The presence of soil susceptible to liquefaction in the top 50 
feet of the soil profile at the LEC typically included the foundation clays, silts and sands. Conservative 
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estimates of post-earthquake or residual shear strengths in the liquefied strata were assumed using a 
correlation between the normalized residual shear strength ratio for liquefied soils and overburden-
correction CPT penetration resistance recommended by Idriss and Boulanger (2008).   
 
3.0 LCPA (BOTTOM ASH POND) 
  
3.1 Critical Section and Assumptions 
 
The critical section for the Bottom Ash Pond is located at the southeast corner of the perimeter berm.  The 
location of the section is shown as Cross-section 4 in Figure 3, and a cross section at the location is 
presented in Figure 4.  The height of the section at this location is about 21 feet. 
 
For stability analysis, the groundwater table was assumed to be at the ground surface at the downstream 
toe or el. 471.6.  The groundwater level for the post-earthquake load case was conservatively assumed at 
el. 464; however lower than the static analysis because the probability of high river levels and a seismic 
event occurring simultaneously are remote.  The line of seepage through the section was conservatively 
assumed based on nearby boring logs.  A 30 foot deep slurry wall was constructed in this location in 
2013, and the line of seepage is likely lower than that assumed.  For the static, long-term, maximum 
storage pool load case the water level in the Bottom Ash Pond was assumed to be at the normal pool of el. 
484.5.  The water surface elevation was increased to el. 491.3 for the maximum surcharge pool load case. 
 
Soil parameters used for stability analyses of the Bottom Ash Pond critical section were derived from 
borings and CPT soundings completed in 2010 for the Ash Pond Stability Analyses Project and original 
plant borings drilled in 1966.  The boring and CPT sounding logs are included in Appendix A of the 
Ameren Missouri Labadie Energy Center: Evaluation of CCR Units report. 
 
The perimeter berm was constructed of primarily fine-grained soil excavated from the incised portion of 
the pond.  A CPT sounding and a geotechnical boring through the crest of the embankment were used to 
develop conservative assumptions for the undrained and effective stress parameters.  The CPT sounding 
located through the section showed primarily silts and clays with some sand in the embankment fill.  The 
top of the berm at this section was about el. 493.5 feet with the natural ground surface at about el. 472.5 
feet.  For stability analysis the embankment fill was assumed to consist of an upper fill.  The upper fill 
consists of a mixture of fly and bottom ash and has a thickness of about 9 feet.  The upper fill was 
followed by clayey fill to about el. 478.5 feet, and a lower fill consisting of a mixture of sands, silts and 
clays from el. 478.5 feet to the natural ground surface.  Results from CU triaxial tests on similar fill 
material sampled along the Bottom Ash Pond southwest embankment were referenced for effective and 
total stress parameters in the lower fill. 
 
The CPT sounding through the section showed the foundation material to be primarily silty sand, sandy 
silt or clayey silt, with intermittent clay lenses to the sounding termination depth at el. 443.5 feet.   The 
silty soils are primarily medium dense, but occasionally loose and dense.  The original plant borings in the 
vicinity of the ash pond show that fine to coarse sand underlie the silt layers to a depth of 100 to 110 feet 
when bedrock is encountered.  The sand is intermittently gravelly and generally medium-dense to dense. 
 
Liquefaction analysis (Idriss and Boulanger, 2008) determined that layers within the foundation silts and 
sands would liquefy during post-earthquake conditions.  Undrained residual strengths for the liquefied 
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layers were chosen based on correlations for normalized residual shear strength ratio of liquefied sand 
versus equivalent clean-sand SPT corrected blow count or normalized residual shear strength ratio for 
liquefied soil versus overburden-corrected CPT penetration resistance (Idriss and Boulanger, 2008).   
 
The soil parameters assumed in the stability analyses are summarized in Table 2.   
 
Table 2 – Soil Properties Assumed in the Bottom Ash Pond Critical Section Stability Analyses 

Material Unit Weight Normal/Max Pool Seismic Liquefaction 
γ (pcf) γ’ (pcf) c’ (psf) φ‘ (°) c (psf) φ (°) c (psf) φ (°) 

Upper Fill 120 58 1 30 1 30 1 30 
Clay Fill 120 58 100 25 100 25 1200 0 
Lower Fill 120 58 40 33 40 33 40 33 
Sand & Silt 120 58 1 28 1 28 1 28 
Liq 1 120 58 - - - - 230 0 
Liq 2 120 58 - - - - 370 0 
 
3.2 Stability Analysis Results 
 
The Bottom Ash Pond stability analysis results for each load case are presented in Table 3.  The search for 
critical failure surfaces was limited to those that significantly impact the dike.  The analyses show that the 
calculated factors of safety exceeds the minimum presented in §257.73(e) for each loading condition.  
Graphical outputs of the results of the stability analyses are shown in Appendix I.  
 
Table 3 – Bottom Ash Pond Stability Analyses Results 

Loading Condition Minimum Factor of 
Safety 

Calculated Factor of 
Safety 

Static, long-term, maximum storage pool 1.50 1.81 
Static, maximum surcharge pool 1.40 1.52 
Seismic 1.00 1.16 
Liquefaction 1.20 1.30 

 
4.0 LCPB (FLY ASH POND) 
 
4.1 Critical Section and Assumptions 
 
The critical section for the Fly Ash Pond is at along the southern half of the east berm.  The location of 
the section is shown as Cross-section 2 in Figure 3, and a cross section at the location is presented in 
Figure 5.  The height of the section at this location is about 28.8 feet. 
 
For stability analysis, the groundwater table was assumed to be at the ground surface at the downstream 
toe or el. 464.0.  The Fly Ash Pond has a 60-mil HDPE liner which hydraulically separates the ponded 
water from the natural groundwater.  This analysis assumes the groundwater table was not influenced by 
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the pond level, and there was no seepage from the pond.  The normal storage and maximum surcharge 
pools were assumed to be at el. 485 and 491.3, respectively. 
 
Soil parameters used for stability analyses of the Bottom Ash Pond critical section were derived from 
borings and CPT soundings completed in 2010 for the Ash Pond Stability Analyses Project and original 
plant borings drilled in 1966.  The boring and CPT sounding logs are included in Appendix A of the 
Ameren Missouri Labadie Energy Center: Evaluation of CCR Units report. 
 
The embankment was constructed of earth fill borrowed from the interior of the pond.  The design plans 
note that the top 6 feet of the foundation soil inside the perimeter berm should be used as fill.  CPT 
soundings conducted in 2010 showed that the embankment fill is heterogeneous and consists of sand, silt 
and clay that were generally placed in 8 to 12 inch thick lifts.  A CPT sounding near the section showed 
primarily silts and clays with some sand in the embankment fill.  The top of the berm at this section was 
about el. 493 feet with the natural ground surface at about el. 464 feet.  For stability purposes the fill 
assumed to consist of an upper, middle and lower layer.  The upper fill was assumed from the top of the 
berm to about el. 489 feet, followed by the middle fill to about el. 472 feet, and the lower fill to the natural 
ground surface.  The clayey embankment fill is stiff, and the sandy and silty fill is medium dense to 
dense.   
 
A CPT sounding at the critical section shows the foundation material is clay to about el. 459 feet, 
followed by silty clay and clayey silt to about el. 455 feet.  The silt and clay was underlain by sand that 
was intermittently silty and with clay lenses, from about el. 455 feet to the sounding termination depth at 
el. 443 feet.  The foundation clays are generally firm to stiff, and the sand and silt stratum are medium 
dense to dense. The original plant borings in the vicinity of the ash pond show that fine to coarse sand 
underlie the silt layers to a depth of 100 to 110 feet when bedrock is encountered.  The sand is 
intermittently gravelly and generally medium-dense to dense.   
 
Liquefaction analysis (Idriss and Boulanger, 2008) determined layers within the foundation clays, silts 
and sands would liquefy during post-earthquake conditions.  Undrained residual strengths for the 
liquefied layers were chosen based on correlations for normalized residual shear strength ratio of liquefied 
sand versus equivalent clean-sand SPT corrected blow count or normalized residual shear strength ratio 
for liquefied soil versus overburden-corrected CPT penetration resistance (Idriss and Boulanger, 2007).  
The undrained residual strengths were assumed to be a ratio of the confining pressure, so liquefied strata 
outside the footprint of the embankment typically have lower strengths.   
 
The soil parameters used in the stability analyses were conservatively assumed and are summarized in 
Table 4.   
 
Table 4 – Soil Properties Assumed in the Fly Ash Pond Critical Section Stability Analyses 

Material Unit Weight Normal/Max Pool Seismic Liquefaction 
γ (pcf) γ’ (pcf) c’ (psf) φ‘ (°) c (psf) φ (°) c (psf) φ (°) 

Upper Fill 115 53 1 25 1 25 1 25 
Middle Fill 118 56 5 28 5 28 5 28 
Lower Fill 120 58 1 29 1 29 1 29 
Clay 120 58 0 25 0 25 0 25 
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Material Unit Weight Normal/Max Pool Seismic Liquefaction 
γ (pcf) γ’ (pcf) c’ (psf) φ‘ (°) c (psf) φ (°) c (psf) φ (°) 

Silt & Clay 120 58 1 25 1 25 1 25 
Sand 120 58 1 31 1 31 1 31 
Liq 1 112 50 - - - - 180 0 
Liq 2 120 58 - - - - 275 0 
Liq 3 120 58 - - - - 30 0 
Liq 4 120 58 - - - - 85 0 
Liq 5 120 58 - - - - 150 0 
 
4.2 Stability Analysis Results 
 
The Fly Ash Pond stability analysis results for each load case are presented in Table 5.  The search for 
critical failure surfaces was limited to those that significantly impact the dike.  The analyses show that the 
calculated factors of safety exceeds the minimum presented in §257.73(e) for each loading condition.  
Graphical outputs of the results of the stability analyses are shown in Appendix I.  
 
Table 5 – Fly Ash Pond Stability Analyses Results 

Loading Condition Minimum Factor of 
Safety 

Calculated Factor of 
Safety 

Static, long-term, maximum storage pool 1.50 1.64 
Static, maximum surcharge pool 1.40 1.64 
Seismic 1.00 1.08 
Liquefaction 1.20 1.27 

 
 
5.0 CONCLUSIONS 
 
The initial periodic safety factor assessment for the Labadie Energy Center Ash Pond found that the 
calculated factors of safety for the critical cross-sections at each CCR unit exceed the minimum factors of 
safety for each loading condition required by 40 CFR §257.73(e).  The subsequent periodic safety factor 
assessment should be conducted within 5 years of the date of this report. 
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Error Code -108 reported for 12 surfaces

 

Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. 

This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope 

model with two sets of Slope Limits.
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-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 

driving force is very small (0.1 is an arbitrary number).

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.81018
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

160.05162.2414222.29286.100947.5648281
Sand & 

Silt
-33.3683641.0154.114291

363.791221.66585.451194.431107.41281
Sand & 

Silt
-29.54831829.914.114292

514.628358.782873.41274.632151.715281
Sand & 

Silt
-25.86842860.334.114293

648.992488.4131137.41346.075191.183281
Sand & 

Silt
-22.30033864.384.114294

760.458601.9051362.36405.343223.924281
Sand & 

Silt
-18.82164775.234.114295

854.715715.6221570.34455.46251.61281
Sand & 

Silt
-15.41375662.074.114296

954.441809.6581764.1508.486280.904281
Sand & 

Silt
-12.0616517.614.114297

1095.12878.7231973.85583.288322.227281
Sand & 

Silt
-8.749957447.234.114298

1212.93932.6482145.58645.928356.831281
Sand & 

Silt
-5.468178265.124.114299

1308.45971.7572280.2696.714384.887281
Sand & 

Silt
-2.204358965.84.1142910

1383.88996.222380.1736.823407.044281
Sand & 

Silt
1.05239550.584.1142911

1440.951006.062447.01767.161423.804281
Sand & 

Silt
4.3123710019.74.1142912

1480.941001.172482.11788.431435.554281
Sand & 

Silt
7.5865410372.24.1142913

1504.92981.2612486.18801.176442.595281
Sand & 

Silt
10.885910605.94.1142914

1522.21945.922468.13810.378447.678281
Sand & 

Silt
14.222410755.34.1142915

1537.35894.5222431.87818.418452.12281
Sand & 

Silt
17.609110836.14.1142916

1537.14826.2282363.36818.306452.058281
Sand & 

Silt
21.060810783.94.1142917

1521.68739.9192261.59810.092447.52281
Sand & 

Silt
24.59510589.24.1142918

1491.08634.1192125.2793.824438.533281
Sand & 

Silt
28.232510240.34.1142919

1445.28506.8671952.15769.469425.079281
Sand & 

Silt
31.99929721.644.1142920

1332.53343.041675.57905.354500.1463340
Lower 

Fill
36.215310185.64.6836721

1240.65134.0581374.7845.684467.1823340
Lower 

Fill
40.96638960.774.6836722

966.4940966.494550.684304.21525100Clay Fill46.66477992.225.6257323

529.7170529.717306.832169.504301
Upper 

Fill
51.94312659.43.1696624

176.3330176.333102.80656.7932301
Upper 

Fill
56.2336942.7833.1696625

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.81417
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

119.43259.9858179.41764.50335.5551281
Sand & 

Silt
-32.6867628.4284.129441

291.972216.081508.053156.24486.1242281
Sand & 

Silt
-28.96311795.054.129442

450.207350.6800.807240.379132.501281
Sand & 

Silt
-25.36962805.824.129443

609.73477.7881087.52325.199179.255281
Sand & 

Silt
-21.88063794.224.129444

754.525589.2251343.75402.188221.693281
Sand & 

Silt
-18.47524693.884.129445

880.266701.8231582.09469.045258.545281
Sand & 

Silt
-15.13645573.344.129446

1003.61795.2881798.9534.631294.697281
Sand & 

Silt
-11.84976421.594.129447

1159.76863.7712023.53617.657340.463281
Sand & 

Silt
-8.602197350.014.129448

1282.85917.362200.21683.107376.54281
Sand & 

Silt
-5.382428169.74.129449

1372.49956.3632328.85730.764402.809281
Sand & 

Silt
-2.179668873.554.1294410

1432.26980.9412413.2762.545420.327281
Sand & 

Silt
1.016289462.864.1294411

1466.59991.122457.71780.803430.391281
Sand & 

Silt
4.215399937.814.1294412

1480.28986.7882467.06788.073434.399281
Sand & 

Silt
7.4277710297.54.1294413

1477.95967.6912445.64786.839433.718281
Sand & 

Silt
10.6639105404.1294414

1472.69933.4232406.12784.042432.177281
Sand & 

Silt
13.934910700.84.1294415

1471.52883.4032354.92783.417431.832281
Sand & 

Silt
17.253210794.84.1294416

1463.57816.8392280.41779.189429.502281
Sand & 

Silt
20.6325107584.1294417

1450.42732.6862183.11772.202425.65281
Sand & 

Silt
24.088910581.54.1294418

1432.68629.572062.25762.772420.452281
Sand & 

Silt
27.641710254.44.1294419

1409.68505.6751915.36750.542413.711281
Sand & 

Silt
31.31469762.264.1294420

1324.54344.0711668.61900.166496.1863340
Lower 

Fill
35.470610503.94.8133521

1263.86135.7781399.63860.757474.4633340
Lower 

Fill
40.19489270.174.8133522

1017.3901017.39574.416316.62725100Clay Fill45.84818235.755.7883423

580.8440580.844336.35185.402301
Upper 

Fill
51.072737.513.2591424

198.6260198.626115.67763.763301
Upper 

Fill
55.2905963.6233.2591425

 

Interslice Data
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Global Minimum Query (spencer) - Safety Factor: 1.81018

Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000472.008-99.6951

10.329145.482798.236469.298-95.58072

10.329474.9732606.1466.966-91.46643

10.329906.4284973.44464.971-87.35214

10.3291399.747680.16463.284-83.23785

10.3291916.0310513461.881-79.12366

10.3292429.5513330.6460.747-75.00937

10.3292923.0616038.4459.868-70.8958

10.3293392.7518615.5459.235-66.78079

10.3293814.6220930.3458.841-62.666410

10.3294169.3622876.6458.682-58.552111

10.3294442.1324373.3458.758-54.437812

10.3294621.925359.7459.068-50.323513

10.3294700.9625793.5459.616-46.209214

10.3294674.6825649.3460.407-42.094915

10.3294541.6724919.5461.45-37.980616

10.3294302.2823606462.756-33.866317

10.3293959.221723.6464.34-29.752118

10.3293518.919307.7466.224-25.637819

10.3292992.4616419.2468.433-21.523520

10.3292396.913151.4471.004-17.409221

10.3291776.899749.56474.433-12.725522

10.3291157.266349.69478.5-8.0418523

10.329419.2332300.27484.463-2.4161224

10.329126.388693.474488.5110.75353725

000493.2523.9231926

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.81417
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000472.013-99.87041

1.6755818.2044622.313469.363-95.74092

3.32261124.22139.33467.078-91.61153

4.91334365.7714254.89465.119-87.48214

6.42171765.256799.1463.461-83.35265

7.823851314.869569.09462.081-79.22326

9.098581986.5812404.6460.964-75.09377

10.22762739.0215180.9460.098-70.96438

11.19573533.3317851.7459.473-66.83499

11.99054303.6420263.6459.084-62.705410

12.60244984.322294458.927-58.57611

13.02465517.9123854459-54.446512

13.25225860.524884.3459.305-50.317113

13.2835984.7825351459.843-46.187714

13.11655881.5425241.5460.621-42.058215

12.75455559.8324561.9461.645-37.928816

12.20115043.7223326462.928-33.799317

11.46234370.6621555.1464.482-29.669918

10.5473590.3119283.3466.329-25.540519

9.466572761.3816560.7468.491-21.41120

8.235431947.8813458.4471.004-17.281621

6.63341177.5310125.4474.433-12.468222

4.88259573.9216718.48478.5-7.6548823

2.63366114.3692486.37484.462-1.8665424

1.3238717.2727747.413488.4971.392625

000493.2024.6517526

 

List Of Coordinates

Water Table

YX

471.47-250

471.12-162.22

471.72-89.2

472.18-81.54

473.19-74.04

479.50

484.4530.13

484.45250

 

External Boundary
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YX

493.19-8.63

492.66-9.48

484.475-34.6222

482.2-41.61

478.5-54.9275

473.19-74.04

472.18-81.54

471.953-85.3128

471.72-89.2

472.38-113.25

472-147.31

471.12-162.22

471.47-183.37

471.47-250

400-250

400250

410250

411.16250

484.45250

484.4530.13

492.514.93

493.520

 

Material Boundary

YX

484.4530.13

478.542.0276

471.00457.0175

410179

410250

 

Material Boundary

YX

484.475-34.6222

484.4530.13

 

Material Boundary

YX

478.5-54.9275

478.542.0276

 

Material Boundary

YX

471.72-84.9558

471.004-78.55

471.00457.0175
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Material Boundary

YX

471.953-85.3128

471.72-84.9558
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1.521.521.521.52

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 1 30

Clay Fill 120 100 25

Lower Fill 120 40 33

Sand & Silt 120 1 28

Bo�om Ash 120 1 20

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

58
0

56
0

54
0

52
0

50
0

48
0

46
0

-140 -120 -100 -80 -60 -40 -20 0 20 40 60 80

 Load Case: Static, Maxium Surcharge Pool Section Location: Section 4 - Bottom Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_4\xsect_4 MAX.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

xsect_4 MAXFile Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

Static, Maxium Surcharge PoolAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 4 - Bottom Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Material Properties

Bottom AshSand & SiltLower FillClay FillUpper FillProperty

Color

Mohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombStrength Type

120120120120120Unit Weight [lbs/ft3]

11401001Cohesion [psf]

2028332530Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater Surface

11111Hu Value

 

Global Minimums

Method: spencer
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1.524790FS

-58.368, 544.090Center:

83.763Radius:

-101.099, 472.047Left Slip Surface Endpoint:

7.990, 492.974Right Slip Surface Endpoint:

-101.099 472.194Left Slope Intercept:

7.990 492.974Right Slope Intercept:

4.85555e+006 lb-ftResisting Moment:

3.1844e+006 lb-ftDriving Moment:

53368.2 lbResisting Horizontal Force:

35000.3 lbDriving Horizontal Force:

1513.82 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.528040FS

-55.700, 544.090Center:

83.402Radius:

-97.552, 471.949Left Slip Surface Endpoint:

10.090, 492.831Right Slip Surface Endpoint:

-97.552 472.140Left Slope Intercept:

10.090 492.831Right Slope Intercept:

4.90159e+006 lb-ftResisting Moment:

3.20777e+006 lb-ftDriving Moment:

54090.7 lbResisting Horizontal Force:

35398.8 lbDriving Horizontal Force:

1525.76 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

6798Number of Valid Surfaces:

3773Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 3557 surfaces

Error Code -107 reported for 192 surfaces

Error Code -108 reported for 23 surfaces

Error Code -111 reported for 1 surface

 

Method: gle/morgenstern-price

6801Number of Valid Surfaces:

3770Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 3557 surfaces

Error Code -107 reported for 192 surfaces

Error Code -108 reported for 21 surfaces
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Error Codes

The following errors were encountered during the computation:

-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. 

This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope 

model with two sets of Slope Limits.

-107 = Total driving moment or total driving force is negative. This will occur if the wrong failure direction is specified, or if high 

external or anchor loads are applied against the failure direction.

-108 = Total driving moment or total driving force < 0.1. This is to limit the calculation of extremely high safety factors if the 

driving force is very small (0.1 is an arbitrary number).

-111 = safety factor equation did not converge

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.52479
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

116.31983.1257199.44462.848141.2175281
Sand & 

Silt
-28.9519659.4954.402721

305.452220.624526.076163.412107.17281
Sand & 

Silt
-25.56141810.074.402722

445.897338.368784.265238.088156.145281
Sand & 

Silt
-22.26472797.714.402723

572.294437.8291010.12305.295200.221281
Sand & 

Silt
-19.04423712.84.402724

671.034551.541222.57357.795234.652281
Sand & 

Silt
-15.88534632.024.402725

762.785651.9141414.7406.58266.647281
Sand & 

Silt
-12.77535501.64.402726

857.119745.3241602.44456.738299.542281
Sand & 

Silt
-9.703336379.74.402727

969.063839.3831808.45516.26338.578281
Sand & 

Silt
-6.659327356.754.402728

1058.44918.6791977.12563.783369.745281
Sand & 

Silt
-3.634148212.664.402729

1126.82983.422110.24600.143393.591281
Sand & 

Silt
-0.6191058945.344.4027210

1176.251033.692209.94626.424410.826281
Sand & 

Silt
2.394219555.544.4027211

1208.351069.462277.81643.487422.017281
Sand & 

Silt
5.4141910042.94.4027212

1224.41090.572314.97652.021427.614281
Sand & 

Silt
8.4493810406.24.4027213

1228.321096.732325.05654.11428.984281
Sand & 

Silt
11.508710656.14.4027214

1235.511087.512323.02657.938431.494281
Sand & 

Silt
14.6018108594.4027215

1231.071062.322293.39655.578429.946281
Sand & 

Silt
17.739210941.24.4027216

1212.411020.362232.77645.652423.437281
Sand & 

Silt
20.932810881.64.4027217

1179.96960.6262140.58628.396412.12281
Sand & 

Silt
24.196210671.34.4027218

1134.05881.7882015.84603.991396.114281
Sand & 

Silt
27.545810299.44.4027219

1028.56765.2331793.79707.956464.2973340
Lower 

Fill
31.486112245.45.5880820

926.801600.5581527.36641.874420.9593340
Lower 

Fill
36.093710940.55.5880821

786.02440.9281226.95466.527305.96125100Clay Fill39.96115424.693.3648322

625.316296.609921.925391.59256.81625100Clay Fill43.03744271.753.3648323

452.842119.017571.859262.449172.121301
Upper 

Fill
46.48273124.933.7654224

179.6810179.681104.73968.6908301
Upper 

Fill
50.37291085.453.7654225

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.52804
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

87.947486.4437174.39147.762531.2574281
Sand & 

Silt
-28.3409700.1334.55721

256.593224.601481.194137.43389.9407281
Sand & 

Silt
-24.83691897.824.55722

426.09341.876767.966227.556148.92281
Sand & 

Silt
-21.42992987.414.55723

580.219468.7531048.97309.508202.552281
Sand & 

Silt
-18.1014070.284.55724

725.574584.081309.65386.794253.131281
Sand & 

Silt
-14.83435099.094.55725

867.287690.7631558.05462.144302.442281
Sand & 

Silt
-11.61656126.034.55726

1017.99797.5241815.51542.275354.883281
Sand & 

Silt
-8.435527254.444.55727

1132.47888.1982020.67603.145394.718281
Sand & 

Silt
-5.280618246.84.55728

1210.83963.1042173.93644.81421.985281
Sand & 

Silt
-2.141749100.974.55729

1256.371022.412278.78669.021437.83281
Sand & 

Silt
0.9906899818.424.557210

1273.691066.142339.83678.23443.856281
Sand & 

Silt
4.126110399.44.557211

1268.091094.182362.27675.255441.909281
Sand & 

Silt
7.2739710842.84.557212

1251.661106.272357.93666.516436.19281
Sand & 

Silt
10.444211177.74.557213

1239.481101.982341.46660.038431.951281
Sand & 

Silt
13.647111452.34.557214

1218.351080.722299.07648.807424.601281
Sand & 

Silt
16.894411582.64.557215

1190.651041.682232.33634.085414.966281
Sand & 

Silt
20.1987115574.557216

1158.61983.7682142.37617.04403.811281
Sand & 

Silt
23.575111366.24.557217

1123.1905.5942028.7598.162391.457281
Sand & 

Silt
27.04110997.74.557218

1049.5815.7391865.24721.554472.2093340
Lower 

Fill
30.30248707.413.7792319

1010.5716.0081726.51696.226455.6333340
Lower 

Fill
33.36068225.863.7792320

912.413597.8371510.25632.527413.9473340
Lower 

Fill
36.53077341.173.7792321

799.622467.0371266.66472.87309.46225100Clay Fill39.66285511.43.39822

641.061323.155964.216398.931261.07425100Clay Fill42.76944305.553.39823

459.626147.556607.182266.365174.318301
Upper 

Fill
46.21623052.523.7394924

192.0360192.036111.87273.2127301
Upper 

Fill
50.07471059.893.7394925

 

Interslice Data
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Global Minimum Query (spencer) - Safety Factor: 1.52479

Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000.682783472.047-101.0991

10.1007118.779666.777469.611-96.69592

10.1006400.0912245.96467.505-92.29323

10.1006774.6124348.37465.703-87.89054

10.10061205.386766.53464.183-83.48775

10.10061662.369331.85462.93-79.0856

10.10062123.2911919.3461.932-74.68237

10.10072573.2714445.3461.179-70.27968

10.10063004.5816866.6460.665-65.87699

10.10063393.2419048.3460.385-61.474110

10.10063720.0120882.7460.338-57.071411

10.10063969.9622285.8460.522-52.668712

10.10064131.8323194.5460.939-48.26613

10.10074197.7223564.3461.593-43.863214

10.10064163.0923370462.489-39.460515

10.10064027.0822606.5463.636-35.057816

10.10063789.1121270.6465.045-30.655117

10.10063451.5719375.8466.729-26.252418

10.10073020.6316956.6468.707-21.849619

10.10072506.8614072.5471.004-17.446920

10.10071875.710529.4474.426-11.858821

10.10061186.566660.88478.5-6.2707522

10.1006753.8144231.62481.32-2.9059223

10.1006391.8592199.74484.4610.45890924

10.1006103.417580.543488.4274.2243325

000492.9747.9897526

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.52804
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

001.13949471.949-97.55221

1.7814617.7409570.402469.491-92.9952

3.52814123.041995.6467.382-88.43783

5.20639369.0144049.78465.593-83.88064

6.78481777.5446535.42464.104-79.32345

8.235081341.739270.75462.897-74.76626

9.532352033.4312109.3461.96-70.2097

10.65582813.6914954.2461.284-65.65188

11.58843610.0617604.9460.863-61.09469

12.31694344.9119899.3460.692-56.537410

12.83154946.2721715.9460.771-51.980211

13.12555356.1222970.3461.1-47.42312

13.19535535.8623610.9461.682-42.865813

13.04015470.2623618.8462.522-38.308614

12.66185166.5622997.4463.628-33.751415

12.0654649.1421751.1465.012-29.194216

11.25773961.1819900.3466.689-24.63717

10.25093161.3317480.9468.677-20.079818

9.059122319.3614546.7471.004-15.522619

7.943811704.1312212.4473.212-11.743420

6.726541136.879639.18475.7-7.9641421

5.42175662.116976.13478.5-4.1849122

4.18712326.4774459.5481.317-0.78690223

2.90747117.642316.27484.4612.611124

1.4633715.3115599.366488.3626.3505925

000492.83110.090126

 

List Of Coordinates

Water Table

YX

471.47-250

471.149-163.957

472.38-113.25

471.953-85.3128

473.19-74.04

491.317.1958

491.3250

 

External Boundary
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YX

493.19-8.63

492.66-9.48

484.475-34.6222

482.2-41.61

478.5-54.9275

473.19-74.04

472.18-81.54

471.953-85.3128

471.72-89.2

472.38-113.25

472-147.31

471.12-162.22

471.47-183.37

471.47-250

400-250

400250

410250

411.16250

484.45250

484.4530.13

492.514.93

493.520

 

Material Boundary

YX

484.4530.13

478.542.0276

471.00457.0175

410179

410250

 

Material Boundary

YX

484.475-34.6222

484.4530.13

 

Material Boundary

YX

478.5-54.9275

478.542.0276

 

Material Boundary

YX

471.72-84.9558

471.004-78.55

471.00457.0175
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Material Boundary

YX

471.953-85.3128

471.72-84.9558
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1.161.161.161.16

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 1 30

Clay Fill 120 100 25

Lower Fill 120 40 33

Sand & Silt 120 1 28

Bo�om Ash 120 1 20

  0.13

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

56
0

54
0

52
0

50
0

48
0

46
0

-120 -100 -80 -60 -40 -20 0 20 40 60 80

 Load Case: Seismic Section Location: Section 4 - Bottom Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_4\xsect_4 PS LT.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

xsect_4 PS LTFile Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

SeismicAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 4 - Bottom Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Loading

0.13Seismic Load Coefficient (Horizontal):

 

Material Properties

Bottom AshSand & SiltLower FillClay FillUpper FillProperty

Color

Mohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombMohr-CoulombStrength Type

120120120120120Unit Weight [lbs/ft3]

11401001Cohesion [psf]

2028332530Friction Angle [deg]

Water TableWater TableWater TableWater TableWater TableWater Surface

11111Hu Value

 

Global Minimums
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Method: spencer

1.160710FS

-61.606, 548.253Center:

87.817Radius:

-105.454, 472.166Left Slip Surface Endpoint:

6.701, 493.062Right Slip Surface Endpoint:

5.75538e+006 lb-ftResisting Moment:

4.95849e+006 lb-ftDriving Moment:

60114.5 lbResisting Horizontal Force:

51791.1 lbDriving Horizontal Force:

1479.37 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.157350FS

-63.497, 546.362Center:

86.341Radius:

-107.759, 472.229Left Slip Surface Endpoint:

4.544, 493.210Right Slip Surface Endpoint:

5.55026e+006 lb-ftResisting Moment:

4.79566e+006 lb-ftDriving Moment:

58854.9 lbResisting Horizontal Force:

50853.2 lbDriving Horizontal Force:

1467.99 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

6272Number of Valid Surfaces:

4299Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 4267 surfaces

Error Code -112 reported for 32 surfaces

 

Method: gle/morgenstern-price

6272Number of Valid Surfaces:

4299Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 4267 surfaces

Error Code -112 reported for 32 surfaces

 

Error Codes

The following errors were encountered during the computation:
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-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. 

This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope 

model with two sets of Slope Limits.

-112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) < 0.2 for the final iteration of the safety factor calculation. 

This screens out some slip surfaces which may not be valid in the context of the analysis, in particular, deep seated slip surfaces 

with many high negative base angle slices in the passive zone.

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.16071
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

218.52344.6008263.123117.191100.965281
Sand & 

Silt
-28.1939690.3874.756371

438.888194.923633.811234.361201.912281
Sand & 

Silt
-24.72461968.564.756372

575.618323.702899.32307.061264.546281
Sand & 

Silt
-21.34993049.684.756373

666.935433.7841100.72355.615306.377281
Sand & 

Silt
-18.05163988.464.756374

750.205539.2211289.43399.891344.523281
Sand & 

Silt
-14.81424932.194.756375

816.64637.2761453.92435.214374.955281
Sand & 

Silt
-11.62475829.164.756376

874.542729.8761604.42466.003401.481281
Sand & 

Silt
-8.471386706.454.756377

994.632792.691787.32529.855456.492281
Sand & 

Silt
-5.343847718.774.756378

1103.47837.651941.12587.726506.35281
Sand & 

Silt
-2.232248652.894.756379

1185.27866.4692051.73631.218543.821281
Sand & 

Silt
0.8727659439.364.7563710

1243.97879.1762123.15662.43570.711281
Sand & 

Silt
3.9803410078.54.7563711

1282.62875.6622158.28682.983588.418281
Sand & 

Silt
7.0997410569.24.7563712

1303.64855.6632159.3694.152598.041281
Sand & 

Silt
10.240510909.24.7563713

1313.09818.7592131.85699.18602.373281
Sand & 

Silt
13.412811116.14.7563714

1325.93764.3472090.27706.008608.255281
Sand & 

Silt
16.627711259.24.7563715

1326.18691.6112017.79706.139608.368281
Sand & 

Silt
19.897611246.34.7563716

1312.8599.4761912.27699.025602.239281
Sand & 

Silt
23.2369110564.7563717

1286.86486.5391773.4685.234590.358281
Sand & 

Silt
26.662210675.44.7563718

1219.98365.7911585.77832.262717.0283340
Lower 

Fill
29.85158250.883.8618419

1176.7239.521416.22804.156692.8143340
Lower 

Fill
32.80327743.213.8618420

1131.1395.31681226.44774.561667.3173340
Lower 

Fill
35.85677124.283.8618421

1037.2601037.26583.681502.86525100Clay Fill38.87865612.923.5011122

770.5980770.598459.336395.73725100Clay Fill41.88014416.743.5011123

486.7420486.742282.021242.973301
Upper 

Fill
45.25753330.953.9765424

160.6260160.62693.737480.7587301
Upper 

Fill
49.08171159.413.9765425

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.15735
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

152.19338.8817191.07581.922670.7846281
Sand & 

Silt
-29.1127656.9384.547551

338.498188.542527.04180.983156.377281
Sand & 

Silt
-25.71051877.274.547552

507.279317.679824.958270.725233.918281
Sand & 

Silt
-22.40332918.124.547553

648.092427.8361075.93345.597298.611281
Sand & 

Silt
-19.17333792.974.547554

772.277526.3641298.64411.627355.663281
Sand & 

Silt
-16.00574603.934.547555

882.235616.5691498.8470.093406.18281
Sand & 

Silt
-12.88775397.174.547556

964.357706.1531670.51513.758443.909281
Sand & 

Silt
-9.808236175.524.547557

1028.47784.5111812.98547.848473.364281
Sand & 

Silt
-6.757196932.084.547558

1135.97834.7441970.71605.004522.749281
Sand & 

Silt
-3.725347818.84.547559

1209.75869.9092079.66644.236556.648281
Sand & 

Silt
-0.703938604.314.5475510

1248.43890.0992138.53664.8574.416281
Sand & 

Silt
2.315519258.854.5475511

1260895.282155.28670.955579.734281
Sand & 

Silt
5.341439782.144.5475512

1252.57885.2912137.86667.001576.317281
Sand & 

Silt
8.3824110172.84.5475513

1233.39859.8372093.23656.805567.508281
Sand & 

Silt
11.447410428.14.5475514

1210.79818.4742029.27644.789557.125281
Sand & 

Silt
14.546210556.64.5475515

1203.24760.5911963.83640.772553.654281
Sand & 

Silt
17.689110629.14.5475516

1198.06685.3771883.43638.019551.276281
Sand & 

Silt
20.888310567.84.5475517

1192.7591.7751784.48635.172548.816281
Sand & 

Silt
24.157510345.64.5475518

1186.51478.421664.93631.878545.97281
Sand & 

Silt
27.51299950.664.5475519

1127.15324.5281451.68771.982667.0263340
Lower 

Fill
31.399611457.85.6198620

1084120.5251204.52743.955642.8093340
Lower 

Fill
35.886910163.85.6198621

1039.701039.7584.822505.31125100Clay Fill39.65735360.673.4063222

800.5110800.511473.284408.93825100Clay Fill42.66264265.523.4063223

525.9160525.916304.638263.22301
Upper 

Fill
46.07683278.83.9237324

181.560181.56105.82491.4365301
Upper 

Fill
49.97891163.163.9237325

 

Interslice Data
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Global Minimum Query (spencer) - Safety Factor: 1.16071

Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000472.166-105.4541

16.3892312.5521062.7469.616-100.6982

16.3892928.7993157.99467.426-95.94173

16.38921675.075695.36465.567-91.18544

16.38922454.28344.48464.017-86.4295

16.38923225.9810968.6462.759-81.67266

16.38923947.5113421.8461.78-76.91627

16.38924588.5815601.5461.072-72.15998

16.38925167.717570.6460.627-67.40359

16.38925653.0319220.7460.442-62.647110

16.38926011.2720438.8460.514-57.890711

16.38926219.8621148460.845-53.134412

16.38926265.1521302461.438-48.37813

16.38926141.2820880.8462.297-43.621614

16.38925850.1119890.8463.431-38.865215

16.38925399.6418359.2464.851-34.108916

16.38914801.416325.2466.573-29.352517

16.38924074.9413855.1468.615-24.596118

16.38913249.2611047.8471.004-19.839719

16.38912716.819237.39473.22-15.977920

16.38922173.17388.7475.709-12.116121

16.389116545623.75478.5-8.2542222

16.38921097.483731.52481.323-4.7531123

16.3892625.7782127.69484.462-1.2520124

16.3892208.976710.535488.4752.7245425

000493.0626.7010826

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.15735
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000472.229-107.7591

2.5724732.3931720.995469.697-103.2112

5.09335208.8732343.45467.507-98.66393

7.51351603.5914576.39465.633-94.11634

9.788461232.77145.15464.051-89.56885

11.87982074.449861.15462.747-85.02126

13.75583077.1412569.7461.706-80.47377

15.39184157.6515102.7460.92-75.92618

16.76915223.5717335.1460.381-71.37859

17.87436218.9719283.9460.085-66.83110

18.69837045.7620817.8460.029-62.283411

19.23567620.0321838460.213-57.735912

19.48277886.2122291.3460.638-53.188313

19.43837821.1622162.1461.309-48.640814

19.10267433.8421464.5462.229-44.093215

18.47756762.0320236463.409-39.545716

17.5675865.8518528.5464.86-34.998117

16.37774819.2116397.8466.595-30.450618

14.923707.3313913.6468.635-25.90319

13.20872620.2611163.9471.004-21.355420

10.77441608.088450.4474.434-15.735621

8.03656826.0715850.71478.5-10.115722

6.25759432.3063942.53481.324-6.709423

4.40974175.112270.71484.463-3.3030824

2.221528.5746736.613488.5370.62065225

000493.214.5443926

 

List Of Coordinates

Water Table

YX

471.47-250

471.12-162.22

471.72-89.2

472.18-81.54

473.19-74.04

479.50

484.4530.13

484.45250

 

External Boundary
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YX

493.19-8.63

492.66-9.48

484.475-34.6222

482.2-41.61

478.5-54.9275

473.19-74.04

472.18-81.54

471.953-85.3128

471.72-89.2

472.38-113.25

472-147.31

471.12-162.22

471.47-183.37

471.47-250

400-250

400250

410250

411.16250

484.45250

484.4530.13

492.514.93

493.520

 

Material Boundary

YX

484.4530.13

478.542.0276

471.00457.0175

410179

410250

 

Material Boundary

YX

484.475-34.6222

484.4530.13

 

Material Boundary

YX

478.5-54.9275

478.542.0276

 

Material Boundary

YX

471.72-84.9558

471.004-78.55

471.00457.0175
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Material Boundary

YX

471.953-85.3128

471.72-84.9558
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1.301.301.301.30

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 1 30

Clay Fill 120 1200

Lower Fill 120 40 33

Sand & Silt 120 1 28

LIQ 1 120 230

LIQ 2 120 370

Bo�om Ash 120 1 20

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

56
0

54
0

52
0

50
0

48
0

46
0

44
0

-100 -80 -60 -40 -20 0 20 40 60 80 100 120

 Load Case: Liquefaction Section Location: Section 4 - Bottom Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_4\xsect_4 POST EQ.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

xsect_4 POST EQFile Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

LiquefactionAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 4 - Bottom Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Material Properties

Bottom AshLIQ 2LIQ 1Sand & SiltLower FillClay FillUpper FillProperty

Color

Mohr-CoulombUndrainedUndrainedMohr-CoulombMohr-CoulombUndrainedMohr-CoulombStrength Type

120120120120120120120Unit Weight [lbs/ft3]

11401Cohesion [psf]

20283330Friction Angle [deg]

3702301200Cohesion Type

Water TableNoneNoneWater TableWater TableNoneWater TableWater Surface

1111Hu Value

000Ru Value

 

Global Minimums

Method: spencer
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1.295320FS

-48.199, 531.825Center:

74.376Radius:

-92.116, 471.800Left Slip Surface Endpoint:

14.930, 492.500Right Slip Surface Endpoint:

4.27055e+006 lb-ftResisting Moment:

3.29692e+006 lb-ftDriving Moment:

48058.8 lbResisting Horizontal Force:

37101.9 lbDriving Horizontal Force:

1902.08 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.292080FS

-48.199, 531.825Center:

74.376Radius:

-92.116, 471.800Left Slip Surface Endpoint:

14.930, 492.500Right Slip Surface Endpoint:

4.25988e+006 lb-ftResisting Moment:

3.29692e+006 lb-ftDriving Moment:

47910.4 lbResisting Horizontal Force:

37080.1 lbDriving Horizontal Force:

1902.08 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

961Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Method: gle/morgenstern-price

961Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.29532
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

266.7270266.727142.821110.259281
Sand & 

Silt
-34.1126790.2924.465721

753.7530753.753401.777310.176281
Sand & 

Silt
-30.0472392.034.465722

1147.601147.6611.189471.844281
Sand & 

Silt
-26.1433850.834.465723

1268.5901268.59230177.5620230LIQ 1-22.57054597.743.96954

1526.8301526.83230177.5620230LIQ 1-19.29435667.633.96955

1798.3201798.32230177.5620230LIQ 1-16.08276792.193.96956

2040.9202040.92230177.5620230LIQ 1-12.92247807.013.96957

2254.9102254.91230177.5620230LIQ 1-9.801668712.583.96958

2441.3302441.33230177.5620230LIQ 1-6.710159512.473.96959

2600.9402600.94230177.5620230LIQ 1-3.6382210209.13.969510

2753.5202753.52230177.5620230LIQ 1015001.45.4663111

2874.9302874.93230177.5620230LIQ 13.6382211457.93.969512

2957.9602957.96230177.5620230LIQ 16.7101511859.63.969513

3025.0503025.05230177.5620230LIQ 19.8016612200.63.969514

3064.9103064.91230177.5620230LIQ 112.922412435.93.969515

3076.7203076.72230177.5620230LIQ 116.0827125623.969516

3059.2603059.26230177.5620230LIQ 119.2943125743.969517

3010.9903010.99230177.5620230LIQ 122.570512465.63.969518

2018.47632.1282650.61074.24829.324281
Sand & 

Silt
25.981812611.44.0957619

1945.34549.2132494.551035.36799.308281
Sand & 

Silt
29.550812205.64.0957620

1842.49444.7892287.28980.668757.086281
Sand & 

Silt
33.251411560.94.0957621

1531.71307.9521839.661034.7798.8013340
Lower 

Fill
37.328311213.54.5201422

1271.67131.2411402.91865.833668.4323340
Lower 

Fill
41.85669189.054.5201423

411.2190411.2191200926.41201200Clay Fill47.31817650.935.4944524

302.7430302.743175.789135.711301
Upper 

Fill
54.26062929.665.7871225

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.29208
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

249.2810249.281133.545103.357281
Sand & 

Silt
-34.1126790.2924.465721

722.1590722.159384.979297.953281
Sand & 

Silt
-30.0472392.034.465722

1122.0801122.08597.623462.528281
Sand & 

Silt
-26.1433850.834.465723

1269.401269.4230178.0080230LIQ 1-22.57054597.743.96954

1535.5401535.54230178.0080230LIQ 1-19.29435667.633.96955

1813.9701813.97230178.0080230LIQ 1-16.08276792.193.96956

2061.8402061.84230178.0080230LIQ 1-12.92247807.013.96957

2278.702278.7230178.0080230LIQ 1-9.801668712.583.96958

2465.2602465.26230178.0080230LIQ 1-6.710159512.473.96959

2622.2902622.29230178.0080230LIQ 1-3.6382210209.13.969510

2768.7802768.78230178.0080230LIQ 1015001.45.4663111

2881.9202881.92230178.0080230LIQ 13.6382211457.93.969512

2957.1802957.18230178.0080230LIQ 16.7101511859.63.969513

3016.7803016.78230178.0080230LIQ 19.8016612200.63.969514

3050.4303050.43230178.0080230LIQ 112.922412435.93.969515

3058.2303058.23230178.0080230LIQ 116.0827125623.969516

3039.9303039.93230178.0080230LIQ 119.2943125743.969517

2994.7302994.73230178.0080230LIQ 122.570512465.63.969518

2008.18632.1282640.311068.76827.162281
Sand & 

Silt
25.981812611.44.0957619

1938.95549.2132488.161031.96798.681281
Sand & 

Silt
29.550812205.64.0957620

1842.49444.7892287.28980.673758.988281
Sand & 

Silt
33.251411560.94.0957621

1536.04307.9521843.991037.51802.9773340
Lower 

Fill
37.328311213.54.5201422

1281.61131.2411412.85872.286675.1023340
Lower 

Fill
41.85669189.054.5201423

392.430392.431200928.73501200Clay Fill47.31817650.935.4944524

309.6670309.667179.786139.145301
Upper 

Fill
54.26062929.665.7871225

 

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.29532
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000471.8-92.11561

2.9576867.16121299.88468.775-87.64992

2.95769239.4244633.96466.192-83.18423

2.95768478.4029259.3464-78.71854

2.95768623.01212058.2462.35-74.7495

2.95768769.10314885.7460.96-70.77956

2.95767911.90317649.6459.816-66.817

2.957681044.4120214.2458.905-62.84058

2.957681160.7722466.3458.219-58.8719

2.957671256.1424312.2457.752-54.901510

2.957681326.5325674.5457.5-50.93211

2.957671376.7426646.4457.5-45.465612

2.957691375.7226626.5457.752-41.496113

2.957691340.8125950.8458.219-37.526614

2.957691270.0924582.1458.905-33.557115

2.957681162.3322496.5459.816-29.587616

2.957691016.8719681.1460.96-25.618117

2.95767833.67816135.6462.35-21.648618

2.95767613.46311873.4464-17.679119

2.95768515.8429983.96465.996-13.583420

2.95768385.9317469.56468.318-9.4876121

2.95768228.9984432.18471.004-5.3918422

2.9576788.16821706.47474.45-0.87170723

2.95768-49.0427-949.204478.53.6484324

2.9576887.71261697.65484.4589.1428825

000492.514.9326

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.29208
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000471.8-92.11561

0.4792410.16941215.78468.775-87.64992

0.9501973.17974412.28466.192-83.18423

1.40472219.1778938464-78.71854

1.78863366.5911739.3462.35-74.7495

2.14815546.89514580460.96-70.77956

2.47843751.52717362.8459.816-66.817

2.775966.8719947.5458.905-62.84058

3.033891177.5222217458.219-58.8719

3.251591367.7624075.2457.752-54.901510

3.425251522.925443.9457.5-50.93211

3.588131656.5426417.3457.5-45.465612

3.648931683.3826396.8457.752-41.496113

3.66041645.5525722.5458.219-37.526614

3.622371542.1924360.6458.905-33.557115

3.535351377.0722289.2459.816-29.587616

3.400521158.4619496.1460.96-25.618117

3.21962898.82715978.5462.35-21.648618

2.9951614.48111744.2464-17.679119

2.72089468.7369863.11465.996-13.583420

2.40731309.3227357.76468.318-9.4876121

2.05887155.4854325.09471.004-5.3918422

1.6399145.80131599.79474.45-0.87170723

1.19195-22.2408-1068.94478.53.6484324

0.61982418.36521697.59484.4589.1428825

000492.514.9326

 

List Of Coordinates

Water Table

YX

464-250

464-146.396

464-91.1625

464.736-70.49

465.983-60.057

469.453-43.627

479.2954.923

484.4530.13

484.45250

 

External Boundary
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YX

493.19-8.63

492.66-9.48

484.475-34.6222

482.2-41.61

478.5-54.9275

473.19-74.04

472.18-81.54

471.953-85.3128

471.72-89.2

472.38-113.25

472-147.31

471.12-162.22

471.47-183.37

471.47-250

464-250

458-250

457.5-250

452-250

450.5-250

450-250

445-250

444.5-250

443-250

400-250

400250

410250

411.16250

484.45250

484.4530.13

492.514.93

493.520

 

Material Boundary

YX

484.4530.13

478.542.0276

471.00457.0175

46471.0218

45883.0193

457.584.0191

45295.0169

450.598.0163

45099.0161

445109.014

444.5110.014

443113.013

410179

410250

 

Material Boundary
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YX

484.475-34.6222

484.4530.13

 

Material Boundary

YX

478.5-54.9275

478.542.0276

 

Material Boundary

YX

471.72-84.9558

471.004-78.55

471.00457.0175

 

Material Boundary

YX

471.953-85.3128

471.72-84.9558

 

Material Boundary

YX

464-250

46471.0218

 

Material Boundary

YX

457.5-250

457.584.0191

 

Material Boundary

YX

450.5-250

450.598.0163

 

Material Boundary

YX

444.5-250

444.5110.014
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1.641.64

W

1.641.64

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 115 1 25

Middle Fill 118 5 28

Lower Fill 120 1 29

Clay 120 0 25

Silt and Clay 120 1 25

Sand 120 1 31

Fly Ash 112

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

57
5

55
0

52
5

50
0

47
5

45
0

-140 -120 -100 -80 -60 -40 -20 0 20 40 60 80

 Load Case: Static, Maxium Storage Pool Section Location: Section 2 - Fly Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_2\xsect_2.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

xsect_2File Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

Static, Maxium Storage PoolAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 2 - Fly Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Material Properties

Fly AshSandSilt and ClayClayLower FillMiddle FillUpper FillProperty

Color

No strengthMohr-CoulombMohr-Coulomb
Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb
Strength Type

112120120120120118115
Unit Weight [lbs/

ft3]

110151Cohesion [psf]

312525292825Friction Angle [deg]

NoneWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

111111Hu Value

0Ru Value

 

Global Minimums

Method: spencer
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1.637960FS

-86.107, 536.093Center:

80.329Radius:

-121.127, 463.800Left Slip Surface Endpoint:

-20.165, 490.218Right Slip Surface Endpoint:

4.43418e+006 lb-ftResisting Moment:

2.70714e+006 lb-ftDriving Moment:

50291.7 lbResisting Horizontal Force:

30703.9 lbDriving Horizontal Force:

1136.85 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.637650FS

-86.107, 546.319Center:

90.487Radius:

-123.234, 463.800Left Slip Surface Endpoint:

-13.533, 492.273Right Slip Surface Endpoint:

5.57784e+006 lb-ftResisting Moment:

3.40601e+006 lb-ftDriving Moment:

56380.3 lbResisting Horizontal Force:

34427.6 lbDriving Horizontal Force:

1258.43 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Method: gle/morgenstern-price

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.63796

Periodic Safety Factor Assessment: Page 3 of 9

SLIDEINTERPRET 7.018

xsect_2.sli Ameren - Labadie Energy Center   



Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

91.101761.2532152.35542.481425.9356250Clay-24.134516.1654.38191

242.793174.303417.096113.21669.1201250Clay-20.751468.814.38192

352.907269.05621.957164.563100.468250Clay-17.44042267.214.38193

453.648343.718797.366212.54129.759251
Silt and 

Clay
-14.3382710.543.977264

598.555400.517999.072280.111171.012251
Silt and 

Clay
-11.42653466.883.977265

774.785444.2421219.03362.288221.182251
Silt and 

Clay
-8.544814314.453.977266

931.497475.2391406.74435.364265.796251
Silt and 

Clay
-5.684755085.193.977267

1065.49493.7451559.23497.846303.943251
Silt and 

Clay
-2.838875760.393.977268

1179.21499.8991679.11550.876336.318251
Silt and 

Clay
06341.113.977269

1275.49493.7451769.23595.768363.726251
Silt and 

Clay
2.838876830.943.9772610

1371.79475.2391847.03640.674391.141251
Silt and 

Clay
5.684757291.813.9772611

1456.41444.2421900.65680.134415.232251
Silt and 

Clay
8.544817675.873.9772612

1524.82400.5171925.34712.037434.71251
Silt and 

Clay
11.42657959.593.9772613

1578.73343.7181922.45737.174450.056251
Silt and 

Clay
14.3388143.313.9772614

1619.11272.8041891.92755.004460.942250Clay17.30828335.224.031415

1646.37186.9611833.34767.717468.703250Clay20.34798304.814.031416

1660.785.75711746.46774.396472.781250Clay23.44898155.34.031417

1601.9701601.97888.987542.74291
Lower 

Fill
26.9089199.654.7294318

1435.2401435.24796.567486.317291
Lower 

Fill
30.7638593.784.7294319

123301233684.463417.875291
Lower 

Fill
34.78027723.894.7294320

1014.101014.1544.209332.248285
Middle 

Fill
38.75235876.044.1935421

776.9690776.969418.121255.269285
Middle 

Fill
42.7064728.584.1935422

512.6990512.699277.607169.483285
Middle 

Fill
46.93223303.914.1935423

220.2030220.203122.08474.5342285
Middle 

Fill
51.52751525.284.1935424

35.3686035.368617.492710.6796251
Upper 

Fill
54.55364.17681.0096725
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

67.689661.2509128.9431.564119.274250Clay-22.6069555.3344.71461

200.044174.323374.36793.28256.9609250Clay-19.40711580.514.71462

318.041269.072587.113148.30590.5596250Clay-16.26922439.554.71463

422.616342.95765.566198.069120.947251
Silt and 

Clay
-13.35432795.664.178784

573.355398.414971.769268.359163.868251
Silt and 

Clay
-10.64813540.274.178785

768.404441.1711209.58359.313219.408251
Silt and 

Clay
-7.965774423.154.178786

951.645471.5121423.16444.759271.584251
Silt and 

Clay
-5.300965256.084.178787

1107.48489.6381597.12517.428315.958251
Silt and 

Clay
-2.647645990.844.178788

1235.66495.6671731.33577.199352.456251
Silt and 

Clay
06628.44.178789

1338.75489.6381828.39625.271381.81251
Silt and 

Clay
2.647647174.454.1787810

1436.14471.5121907.65670.683409.54251
Silt and 

Clay
5.300967697.854.1787811

1515.3441.1711956.47707.596432.08251
Silt and 

Clay
7.965778138.844.1787812

1575.17398.4141973.58735.511449.126251
Silt and 

Clay
10.64818477.624.1787813

1619.93342.951962.88756.386461.873251
Silt and 

Clay
13.35438714.34.1787814

1653.39272.8291926.22770.988470.789250Clay16.14399181.674.337315

1678.2186.9921865.19782.558477.854250Clay19.02629200.854.337316

1695.7985.76361781.55790.759482.862250Clay21.95979091.644.337317

1649.301649.3915.219558.861291
Lower 

Fill
25.229710383.15.1114718

1497.4401497.44831.046507.463291
Lower 

Fill
28.86719799.155.1114719

1314.9901314.99729.913445.708291
Lower 

Fill
32.63748904.685.1114720

1123.4601123.46602.355367.817285
Middle 

Fill
36.38087050.244.6307321

910.6210910.621489.186298.712285
Middle 

Fill
40.11975836.034.6307322

662.5690662.569357.295218.175285
Middle 

Fill
44.07854321.894.6307323

367.5320367.532200.42122.383285
Middle 

Fill
48.32522439.884.6307324

108.4150108.41551.554731.4809251
Upper 

Fill
51.9277411.4522.720625

 

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.63796
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-121.1271

14.1114103.756412.722461.837-116.7452

14.1114353.9511407.95460.177-112.3633

14.1114679.8312704.24458.8-107.9824

14.11141013.314030.77457.783-104.0045

14.11141386.155513.85456.98-100.0276

14.11141790.377121.76456.382-96.04987

14.11142196.068735.52455.986-92.07258

14.11142577.1710251.5455.789-88.09529

14.11142913.3411588.7455.789-84.11810

14.11143189.1912686455.986-80.140711

14.11143396.3213509.9456.382-76.163412

14.11143525.8314025.1456.98-72.186213

14.11143571.2614205.8457.783-68.208914

14.11143529.814040.9458.8-64.231715

14.11143399.313521.8460.056-60.200316

14.11143185.0912669.7461.551-56.168917

14.11142896.3711521.2463.3-52.137518

14.11142574.8310242.2465.7-47.40819

14.11142137.128501.06468.515-42.678620

14.11141615.676426.83471.8-37.949221

14.11141107.714406.28475.166-33.755622

14.1114620.7392469.18479.036-29.562123

14.1114221.113879.547483.523-25.368624

14.11147.5317829.96488.8-21.17525

000490.218-20.165426
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-123.2341

2.4521114.7302343.975461.837-118.5192

4.85093104.7471234.24460.176-113.8053

7.14572309.5162468.88458.8-109.094

9.05554595.0533733.59457.808-104.9115

10.8193990.2645181.64457.022-100.7326

12.41331497.956805.53456.438-96.55367

13.8182088.648491.88456.05-92.37488

15.01822715.210120.4455.857-88.1969

16.0023324.6211592.8455.857-84.017210

16.76093865.4312834.6456.05-79.838411

17.28914297.1413805.8456.438-75.659612

17.58284584.3514466.8457.022-71.480913

17.63994703.7914792.5457.808-67.302114

17.46024647.1914774.8458.8-63.123315

17.02444408.5614397.8460.055-58.78616

16.3384010.1813680.1461.551-54.448717

15.40653488.1612658.1463.3-50.111418

14.00552878.8211541.6465.709-44.999919

12.29592161.099915.1468.526-39.888520

10.30531434.227887.85471.8-34.77721

8.29028838.9635757.72475.212-30.146322

6.10951383.9613587.18479.114-25.515523

3.80362108.1121626.15483.598-20.884824

1.418466.95312280.8488.8-16.254125

000492.273-13.533526

 

List Of Coordinates

Water Table

YX

463.8-250

463.8150

 

Focus Search Line

YX

449-78

467-78

 

External Boundary
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YX

492.89-8.81

492.55-12.64

488.8-24.7427

483.71-41.17

472-76.5298

471.8-77.1337

470.46-81.18

464.5-102.38

463.8-107

463.8-250

458.8-250

454.8-250

400-250

400150

454.8150

458.8150

460150

484.45150

484.4537.12

488.822.5371

493.028.39

492.90

 

Material Boundary

YX

484.4537.12

47273.7826

471.874.3715

463.897.9298

463.399.4022

460109.12

460150

 

Material Boundary

YX

488.8-24.7427

488.822.5371

 

Material Boundary

YX

471.8-77.1337

471.874.3715

 

Material Boundary

YX

463.3-107

463.8-107

Periodic Safety Factor Assessment: Page 8 of 9
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Material Boundary

YX

463.3-107

463.399.4022

 

Material Boundary

YX

458.8-250

458.8150

 

Material Boundary

YX

454.8-250

454.8150
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1.641.64

W

1.641.64

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 115 1 25

Middle Fill 118 5 28

Lower Fill 120 1 29

Clay 120 0 25

Silt and Clay 120 1 25

Sand 120 1 31

Fly Ash 112

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

56
0

54
0

52
0

50
0

48
0

46
0

-140 -120 -100 -80 -60 -40 -20 0 20 40 60

 Load Case: Static, Maxium Surcharge Pool Section Location: Section 2 - Fly Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_2\max. xsect_2.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

max. xsect_2File Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

Static, Maxium Surcharge PoolAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 2 - Fly Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Material Properties

Fly AshSandSilt and ClayClayLower FillMiddle FillUpper FillProperty

Color

No strengthMohr-CoulombMohr-Coulomb
Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb
Strength Type

112120120120120118115
Unit Weight [lbs/

ft3]

110151Cohesion [psf]

312525292825Friction Angle [deg]

NoneWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

111111Hu Value

0Ru Value

 

Global Minimums

Method: spencer
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1.637240FS

-86.320, 539.120Center:

83.833Radius:

-123.129, 463.800Left Slip Surface Endpoint:

-17.681, 490.988Right Slip Surface Endpoint:

4.94721e+006 lb-ftResisting Moment:

3.02169e+006 lb-ftDriving Moment:

53775.6 lbResisting Horizontal Force:

32845.3 lbDriving Horizontal Force:

1225.33 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.637730FS

-86.320, 543.600Center:

88.139Radius:

-123.744, 463.800Left Slip Surface Endpoint:

-14.993, 491.821Right Slip Surface Endpoint:

5.39866e+006 lb-ftResisting Moment:

3.29642e+006 lb-ftDriving Moment:

55893.9 lbResisting Horizontal Force:

34128.8 lbDriving Horizontal Force:

1262.8 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Method: gle/morgenstern-price

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.63724
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

90.011260.4818150.49341.972925.6364250Clay-24.4439496.0384.264751

241.876172.784414.66112.78968.8897250Clay-21.27861417.084.264752

355.021268.303623.324165.549101.115250Clay-18.18032200.474.264753

440.831348.759789.59206.563126.165251
Silt and 

Clay
-15.10062938.154.366364

567.682414.548982.23265.715162.294251
Silt and 

Clay
-12.02913740.794.366365

746.439465.1351211.57349.07213.206251
Silt and 

Clay
-8.992544708.64.366366

922.919500.9671423.89431.364263.47251
Silt and 

Clay
-5.981275652.654.366367

1072.89522.3481595.24501.296306.184251
Silt and 

Clay
-2.986556475.364.366368

1199.35529.4561728.81560.268342.203251
Silt and 

Clay
07178.224.366369

1306.13522.3481828.47610.056372.612251
Silt and 

Clay
2.986557767.684.3663610

1412.5500.9671913.47659.659402.909251
Silt and 

Clay
5.981278318.564.3663611

1503.9465.1351969.03702.279428.941251
Silt and 

Clay
8.9925487654.3663612

1577.1414.5481991.64736.412449.789251
Silt and 

Clay
12.02919085.254.3663613

1633.71348.7591982.47762.81465.912251
Silt and 

Clay
15.10069277.854.3663614

1673.25272.1561945.4780.248476.563250Clay18.05448381.453.9176715

1697.87185.6471883.52791.73483.576250Clay20.89588329.463.9176716

1710.8285.09071795.91797.767487.263250Clay23.79238171.643.9176717

1650.2101650.21915.725559.31291
Lower 

Fill
27.07149490.514.7307918

1483.6101483.61823.38502.907291
Lower 

Fill
30.7698879.274.7307919

1280.2401280.24710.646434.051291
Lower 

Fill
34.61567998.364.7307920

1061.4601061.46569.388347.773285
Middle 

Fill
38.44496235.054.2728121

823.0510823.051442.624270.348285
Middle 

Fill
42.28365067.874.2728122

557.5180557.518301.438184.114285
Middle 

Fill
46.37433625.034.2728123

262.9790262.979144.82888.4586285
Middle 

Fill
50.80211829.024.2728124

57.1143057.114327.632816.8777251
Upper 

Fill
54.0369154.8421.5876125

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63773
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

67.389360.6805128.0731.424119.1876250Clay-23.5422520.9114.463931

199.564173.188372.75293.058656.8217250Clay-20.41111486.734.463932

318.864268.507587.371148.68990.7897250Clay-17.34262304.994.463933

421.649346.892768.541197.618120.666251
Silt and 

Clay
-14.35632924.264.369434

565.605409.374974.979264.746161.654251
Silt and 

Clay
-11.4413698.844.369435

762.468457.4731219.94356.545217.707251
Silt and 

Clay
-8.555594646.164.369436

956.86491.571448.43447.191273.055251
Silt and 

Clay
-5.691895576.754.369437

1119.9511.9261631.83523.22319.479251
Silt and 

Clay
-2.842426391.884.369438

1251.52518.6951770.21584.592356.953251
Silt and 

Clay
07092.844.369439

1354.94511.9261866.86632.817386.399251
Silt and 

Clay
2.842427686.054.3694310

1450.99491.571942.56677.608413.748251
Silt and 

Clay
5.691898246.54.3694311

1527.27457.4731984.74713.176435.466251
Silt and 

Clay
8.555598708.354.3694312

1583.45409.3741992.82739.373451.462251
Silt and 

Clay
11.4419050.264.3694313

1624.26346.8921971.15758.403463.082251
Silt and 

Clay
14.35639271.314.3694314

1652.82272.3361925.16770.724470.605250Clay17.21858795.114.1021815

1672.44186.0021858.44779.873476.191250Clay20.03388771.634.1021816

1685.9785.26631771.24786.18480.042250Clay22.90088634.544.1021817

1633.8501633.85906.658553.607291
Lower 

Fill
26.132510013.94.9274418

1479.7601479.76821.247501.454291
Lower 

Fill
29.7629413.634.9274419

1296.1201296.12719.452439.298291
Lower 

Fill
33.52888522.024.9274420

1103.301103.3591.636361.254285
Middle 

Fill
37.27996736.844.4780221

888.6330888.633477.494291.558285
Middle 

Fill
41.03955539.484.4780222

638.8890638.889344.703210.476285
Middle 

Fill
45.02954054.324.4780223

341.5560341.556186.609113.944285
Middle 

Fill
49.3232208.964.4780224

94.6263094.626345.124927.5533251
Upper 

Fill
52.7895304.6822.2937925

 

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.63724
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-123.1291

13.885899.1398401.032461.861-118.8642

13.8858342.0071383.46460.201-114.63

13.8858664.3942687.55458.8-110.3354

13.88581030.514168.54457.622-105.9695

13.88571431.565790.85456.691-101.6026

13.88581868.597558.67456-97.23597

13.88582313.939360.11455.543-92.86958

13.88582734.1611060455.315-88.50329

13.88583103.4212553.7455.315-84.136810

13.88583402.5313763.6455.543-79.770511

13.88573620.914647456-75.404112

13.88583747.4115158.7456.691-71.037713

13.88583774.6715269457.622-66.671414

13.88583700.0114967458.8-62.30515

13.88583547.2514349460.077-58.387316

13.88583319.0113425.8461.573-54.469717

13.88583023.9212232.1463.3-50.55218

13.88572691.4610887.3465.718-45.821219

13.88582246.379086.84468.535-41.090420

13.88581720.366959.06471.8-36.359621

13.88571197.54844.04475.192-32.086822

13.8858692.3612800.68479.078-27.81423

13.8858268.9251087.83483.561-23.541224

13.885821.714887.839488.8-19.268425

000490.988-17.680826

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63773
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-123.7441

2.3012813.4531334.766461.855-119.282

4.5571996.26031207.69460.194-114.8163

6.72421286.7282431.93458.8-110.3524

8.721585.7993818.85457.682-105.9825

10.56161004.535387.62456.797-101.6136

12.21811546.347141.16456.14-97.24367

13.66792180.248965.5455.705-92.87418

14.89332849.9610716455.488-88.50479

15.88073492.5312276.3455.488-84.135310

16.62094047.8513560.2455.705-79.765911

17.1074469.7314522.8456.14-75.396412

17.33524720.0615121.6456.797-71.02713

17.3044776.7815332.7457.682-66.657614

17.01344636.4515152.5458.8-62.288115

16.50644337.2614636.3460.071-58.18616

15.77653901.8813810.6461.567-54.083817

14.82933365.412711.2463.3-49.981618

13.41612740.8111490.4465.717-45.054119

11.72122031.789792.85468.535-40.126720

9.771941330.77726.49471.8-35.199321

7.80932765.8125583.81475.209-30.721222

5.69811341.8383425.92479.107-26.243223

3.4760891.41241504.89483.59-21.765224

1.18544.87676235.683488.8-17.287225

000491.821-14.993426

 

List Of Coordinates

Water Table

YX

463.8-250

463.8150

 

Focus Search Line

YX

449-71

470.104-70.7033

 

External Boundary
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YX

492.89-8.81

492.55-12.64

488.8-24.7427

483.71-41.17

472-76.5298

471.8-77.1337

470.46-81.18

464.5-102.38

463.8-107

463.8-250

458.8-250

454.8-250

400-250

400150

454.8150

458.8150

460150

491.3150

491.314.969

493.028.39

492.90

 

Material Boundary

YX

491.314.969

488.822.5873

47273.7826

471.874.3715

463.897.9298

463.399.4022

460109.12

460150

 

Material Boundary

YX

471.8-77.1337

471.874.3715

 

Material Boundary

YX

463.3-107

463.8-107

 

Material Boundary

YX

463.3-107

463.399.4022
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Material Boundary

YX

458.8-250

458.8150

 

Material Boundary

YX

454.8-250

454.8150

 

Material Boundary

YX

488.8-24.7427

488.822.5873
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1.081.08

W

1.081.08

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 115 1 25

Middle Fill 118 5 28

Lower Fill 120 1 29

Clay 120 0 25

Silt and Clay 120 1 25

Sand 120 1 31

Fly Ash 112

  0.13

Safety Factor
0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00+

57
5

55
0

52
5

50
0

47
5

45
0

-160 -140 -120 -100 -80 -60 -40 -20 0 20 40 60 80

 Load Case: Seismic Section Location: Section 2 - Fly Ash Pond

 File Path/Name:  P:\Amerenue\2015012432\Labadie\calc\xsect_2\seismic xsect_2.sli

 Analysis By:  J. Bertel  Checked By:  J. Gilliam  Figure:   Project Number:  2015012432

 Client:  Ameren - Labadie Energy Center Project Name:  Periodic Safety Factor Assessment



Slide Analysis Information

Periodic Safety Factor Assessment

 

Project Summary

seismic xsect_2File Name:

6.035Slide Modeler Version:

Periodic Safety Factor AssessmentProject Title:

SeismicAnalysis:

J. BertelAuthor:

Ameren - Labadie Energy CenterCompany:

Comments

2015012432

Section 2 - Fly Ash Pond

J. Gilliam

 

General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:

 

Groundwater Analysis
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Loading

0.13Seismic Load Coefficient (Horizontal):

 

Material Properties

Fly AshSandSilt and ClayClayLower FillMiddle FillUpper FillProperty

Color

No strengthMohr-CoulombMohr-Coulomb
Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb
Strength Type

112120120120120118115
Unit Weight [lbs/

ft3]

110151Cohesion [psf]

312525292825Friction Angle [deg]

NoneWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

111111Hu Value

0Ru Value
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Global Minimums

Method: spencer

1.076260FS

-92.367, 538.620Center:

83.099Radius:

-128.524, 463.800Left Slip Surface Endpoint:

-26.199, 488.349Right Slip Surface Endpoint:

3.85203e+006 lb-ftResisting Moment:

3.57909e+006 lb-ftDriving Moment:

42703.3 lbResisting Horizontal Force:

39677.5 lbDriving Horizontal Force:

1035.76 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.076980FS

-92.367, 536.043Center:

80.842Radius:

-128.649, 463.800Left Slip Surface Endpoint:

-27.357, 487.990Right Slip Surface Endpoint:

3.73912e+006 lb-ftResisting Moment:

3.47184e+006 lb-ftDriving Moment:

42499.9 lbResisting Horizontal Force:

39462 lbDriving Horizontal Force:

1041.86 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

5511Number of Valid Surfaces:

1925Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 1925 surfaces

 

Method: gle/morgenstern-price

5511Number of Valid Surfaces:

1925Number of Invalid Surfaces:

 

Error Codes:

Error Code -103 reported for 1925 surfaces

 

Error Codes

The following errors were encountered during the computation:
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-103 = Two surface / slope intersections, but one or more surface / nonslope external polygon intersections lie between them. 

This usually occurs when the slip surface extends past the bottom of the soil region, but may also occur on a benched slope 

model with two sets of Slope Limits.

 

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.07626

Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

115.9560.8305176.78154.068650.2375250Clay-24.1491508.7064.348591

295.906173.473469.379137.984128.207250Clay-20.9011450.74.348592

414.905268.643683.548193.473179.764250Clay-17.7222246.574.348593

490.135346.273836.408229.553213.288251
Silt and 

Clay
-14.65052798.194.202054

531.99407.634939.624249.071231.423251
Silt and 

Clay
-11.67363294.044.202055

598.009454.8491052.86279.856260.026251
Silt and 

Clay
-8.728393830.484.202056

720.483488.3091208.79336.967313.091251
Silt and 

Clay
-5.806364528.894.202057

862.404508.2811370.68403.145374.58251
Silt and 

Clay
-2.899445284.084.202058

978.274514.9211493.19457.176424.782251
Silt and 

Clay
05933.424.202059

1071.5508.2811579.78500.649465.175251
Silt and 

Clay
2.899446475.444.2020510

1145.18488.3091633.49535.004497.095251
Silt and 

Clay
5.806366909.734.2020511

1210.45454.8491665.3565.441525.376251
Silt and 

Clay
8.728397272.234.2020512

1274.02407.6341681.65595.085552.919251
Silt and 

Clay
11.67367586.524.2020513

1321.06346.2731667.33617.018573.298251
Silt and 

Clay
14.65057780.774.2020514

1353.79272.4511626.24631.283586.553250Clay17.59387474.823.9974415

1374.14186.2441560.38640.772595.369250Clay20.51127436.553.9974416

1384.0585.39241469.45645.395599.665250Clay23.48557285.723.9974417

1347.6401347.64748.011695.01291
Lower 

Fill
26.36376290.963.5743418

1229.4901229.49682.519634.158291
Lower 

Fill
29.15025982.763.5743419

1097.2501097.25609.216566.049291
Lower 

Fill
32.01475575.213.5743420

951.340951.34528.336490.9291
Lower 

Fill
34.97250593.5743421

781.4880781.488420.525390.728285
Middle 

Fill
38.31815113.574.1916822

574.8280574.828310.642288.631285
Middle 

Fill
42.10854003.854.1916823

351.4270351.427191.857178.263285
Middle 

Fill
46.14282630.464.1916824

113.6720113.67265.440560.8036285
Middle 

Fill
50.5014936.4084.1916825
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Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.07698

Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

75.411160.4031135.81435.164832.6513250Clay-25.0463481.2514.143011

225.79172.622398.412105.28897.7623250Clay-21.84371375.334.143012

364.32268.218632.538169.886157.743250Clay-18.71152136.984.143013

480.464346.86827.324225.044208.958251
Silt and 

Clay
-15.69762651.843.975554

567.172409.876977.048265.477246.501251
Silt and 

Clay
-12.78933133.623.975555

645.263459.7111104.97301.891280.313251
Silt and 

Clay
-9.914163581.213.975556

766.724496.7621263.49358.529332.902251
Silt and 

Clay
-7.064114170.253.975557

914.471521.311435.78427.425396.874251
Silt and 

Clay
-4.231574862.643.975558

1034.34533.5391567.88483.322448.775251
Silt and 

Clay
-1.409385489.333.975559

1120.32533.5391653.86523.412486251
Silt and 

Clay
1.409386022.523.9755510

1177.24521.311698.55549.957510.647251
Silt and 

Clay
4.231576462.223.9755511

1211.52496.7621708.28565.943525.491251
Silt and 

Clay
7.064116809.383.9755512

1244.07459.7111703.78581.118539.581251
Silt and 

Clay
9.914167122.633.9755513

1269.83409.8761679.71593.132550.736251
Silt and 

Clay
12.78937362.863.9755514

1286.41346.861633.27600.864557.916251
Silt and 

Clay
15.69767498.713.9755515

1298.03272.0821570.11605.282562.018250Clay18.5847208.863.8052916

1306.93185.5021492.43609.432565.871250Clay21.45597141.143.8052917

1314.0385.02011399.05612.74568.943250Clay24.38566971.683.8052918

1258.8801258.88698.808648.859291
Lower 

Fill
27.70868043.144.6017219

1106.9801106.98614.608570.677291
Lower 

Fill
31.4637425.894.6017220

939.770939.77521.923484.617291
Lower 

Fill
35.37556573.814.6017221

774.2290774.229416.665386.883285
Middle 

Fill
39.19794810.653.9840322

590.2930590.293318.864296.072285
Middle 

Fill
42.94923761.213.9840323

377.9740377.974205.972191.25285
Middle 

Fill
46.94692467.433.9840324

128.8940128.89473.534468.2783285
Middle 

Fill
51.2727877.6063.9840325

 

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.07626
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-128.5241

18.5145166.634497.597461.85-124.1762

18.5145551.7171647.52460.19-119.8273

18.51451034.513089.22458.8-115.4784

18.51451521.334542.95457.701-111.2765

18.51451977.655905.59456.833-107.0746

18.51452405.257182.5456.188-102.8727

18.51452822.838429.47455.761-98.67018

18.51453219.029612.57455.548-94.46819

18.51443560.0910631.1455.548-90.26610

18.51443821.9711413.1455.761-86.06411

18.51463988.8311911.3456.188-81.861912

18.51454053.7812105.3456.833-77.659913

18.51454014.7711988.8457.701-73.457814

18.51453871.6211561.3458.8-69.255815

18.51453643.2310879.3460.068-65.258316

18.51453337.229965.51461.563-61.260917

18.51452970.268869.7463.3-57.263418

18.51452731.098155.52465.071-53.689119

18.51452410.977199.59467.065-50.114820

18.51452026.56051.49469.3-46.540421

18.51451598.954774.74471.8-42.966122

18.51461059.43163.54475.113-38.774423

18.5144562.0551678.4478.901-34.582724

18.5145185.073552.661483.263-30.39125

000488.349-26.199326

 

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.07698
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-128.6491

3.0806518.0802335.942461.864-124.5062

6.09335130.7411224.72460.203-120.3633

8.97425393.1482489.48458.8-116.224

11.5625798.2343901.64457.683-112.2455

13.93641329.615358.12456.78-108.2696

16.06321951.426777.19456.085-104.2947

17.91912646.338183.87455.593-100.3188

19.48723381.319555.29455.299-96.34269

20.7574086.8210783455.201-92.36710

21.72164690.8711774.7455.299-88.391511

22.37795133.9212469.5455.593-84.415912

22.7245375.8512836.3456.085-80.440413

22.75915401.8912876.3456.78-76.464914

22.48335213.7912597.6457.683-72.489315

21.89724831.6212020.7458.8-68.513816

21.04674316.6811218460.079-64.708517

19.91563701.1710215.7461.575-60.903218

18.50893034.99065.69463.3-57.097919

16.45122353.437969.95465.717-52.496220

14.02561628.546519.31468.533-47.894521

11.268962.1494829.13471.8-43.292722

8.65118491.8923232.95475.049-39.308723

5.86601178.4581736.98478.758-35.324724

2.9632729.4015567.98483.022-31.340625

000487.99-27.356626

 

List Of Coordinates

Water Table

YX

463.8-250

463.8150

 

External Boundary
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YX

492.89-8.81

492.55-12.64

488.8-24.7427

483.71-41.17

472-76.5298

471.8-77.1337

470.46-81.18

464.5-102.38

463.8-107

463.8-250

458.8-250

454.8-250

400-250

400150

454.8150

458.8150

460150

484.45150

484.4537.12

488.822.5371

493.028.39

492.90

 

Material Boundary

YX

484.4537.12

47273.7826

471.874.3715

463.897.9298

463.399.4022

460109.12

460150

 

Material Boundary

YX

488.8-24.7427

488.822.5371

 

Material Boundary

YX

471.8-77.1337

471.874.3715

 

Material Boundary

YX

463.3-107

463.8-107
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Material Boundary

YX

463.3-107

463.399.4022

 

Material Boundary

YX

458.8-250

458.8150

 

Material Boundary

YX

454.8-250

454.8150
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1.271.27

W

1.271.27

Material Name Color
Unit Weight

(lbs/�3)

Cohesion

(psf)

Phi

(deg)

Upper Fill 115 1 25

Middle Fill 118 5 28
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Fly Ash 112
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General Settings

Imperial UnitsUnits of Measurement:

secondsTime Units:

feet/secondPermeability Units:

Right to LeftFailure Direction:

StandardData Output:

20Maximum Material Properties:

20Maximum Support Properties:

 

Analysis Options

VerticalSlices Type:

 

Analysis Methods Used

Half SineGLE/Morgenstern-Price with interslice force function:

Spencer

  

25Number of slices:

0.005Tolerance:

50Maximum number of iterations:

YesCheck malpha < 0.2:

1Initial trial value of FS:

YesSteffensen Iteration:
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Water SurfacesGroundwater Method:

62.4Pore Fluid Unit Weight [lbs/ft3]:

YesUse negative pore pressure cutoff:

0Maximum negative pore pressure [psf]:

NoneAdvanced Groundwater Method:

 

Random Numbers

10116Pseudo-random Seed:

Park and Miller v.3Random Number Generation Method:

 

Surface Options

CircularSurface Type:

Grid SearchSearch Method:

10Radius Increment:

DisabledComposite Surfaces:

Create Tension CrackReverse Curvature:

Not DefinedMinimum Elevation:

Not DefinedMinimum Depth:

Not DefinedMinimum Area:

Not DefinedMinimum Weight:

 

Seismic

NoAdvanced seismic analysis:

NoStaged pseudostatic analysis:

 

Material Properties

LIQ 1Fly AshSandSilt and ClayClayLower FillMiddle FillUpper FillProperty

Color

Undrained
No 

strength

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb

Mohr-

Coulomb
Strength Type

120112120120120120118115
Unit Weight [lbs/

ft3]

110151Cohesion [psf]

312525292825
Friction Angle 

[deg]

180Cohesion Type

NoneNoneWater TableWater TableWater TableWater TableWater TableWater TableWater Surface

111111Hu Value

00Ru Value
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LIQ 5LIQ 4LIQ 3LIQ 2Property

Color

UndrainedUndrainedUndrainedUndrainedStrength Type

120120120120Unit Weight [lbs/ft3]

1508530275Cohesion Type

NoneNoneNoneNoneWater Surface

0000Ru Value

 

Global Minimums

Method: spencer

1.274630FS

-68.868, 560.386Center:

105.202Radius:

-110.564, 463.800Left Slip Surface Endpoint:

11.223, 492.175Right Slip Surface Endpoint:

7.4873e+006 lb-ftResisting Moment:

5.87408e+006 lb-ftDriving Moment:

64081.8 lbResisting Horizontal Force:

50274.7 lbDriving Horizontal Force:

2020.54 ft2Total Slice Area:

 

Method: gle/morgenstern-price

1.262510FS

-57.100, 545.997Center:

87.248Radius:

-93.893, 466.886Left Slip Surface Endpoint:

11.503, 492.091Right Slip Surface Endpoint:

5.03766e+006 lb-ftResisting Moment:

3.9902e+006 lb-ftDriving Moment:

51191.1 lbResisting Horizontal Force:

40547.1 lbDriving Horizontal Force:

1728.11 ft2Total Slice Area:

 

Valid / Invalid Surfaces

Method: spencer

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Method: gle/morgenstern-price

7436Number of Valid Surfaces:

0Number of Invalid Surfaces:

 

Slice Data

Periodic Safety Factor Assessment: Page 3 of 10

SLIDEINTERPRET 7.018

xsect_2 POST EQ.sli Ameren - Labadie Energy Center   



Global Minimum Query (spencer) - Safety Factor: 1.27463

Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

5.106583.128.226583.381242.65272251
Upper 

Fill
-23.28081.336370.2324121

156.3650156.3653023.5362030LIQ 3-21.8311601.8154.706552

455.0570455.0573023.5362030LIQ 3-19.09381914.684.706553

793.510793.513023.5362030LIQ 3-16.40133433.84.706554

798.875316.0581114.93372.521292.258250Clay-14.9277443.0120.4878345

958.67359.4431318.11448.035351.502251
Silt and 

Clay
-13.29775811.955.333316

1220.5429.0971649.59570.127447.288251
Silt and 

Clay
-10.32877485.935.333317

1774.8801774.888566.686085LIQ 4-7.1949610274.36.037368

2054.0902054.098566.686085LIQ 4-3.8895512096.76.037369

2289.0102289.018566.686085LIQ 4
-

0.597097
13693.86.0373610

2476.5802476.588566.686085LIQ 42.6933815038.16.0373611

2618.3402618.348566.686085LIQ 45.9928161306.0373612

2311.65447.2842758.931078.94846.473251
Silt and 

Clay
9.3616317473.86.2149213

2392.42371.2162763.641116.61876.027251
Silt and 

Clay
12.813180746.2149214

2429.29319.5582748.851132.8888.728250Clay14.8072701.540.91634815

2769.5102769.513023.5362030LIQ 316.618416145.65.4648616

2455.98120.7112576.691145.24898.488250Clay20.412222552.27.7093517

2371.6802371.681315.641032.17291
Lower 

Fill
24.268615395.55.4087918

2185.302185.31212.33951.123291
Lower 

Fill
27.546147375.4087919

1967.0601967.061091.36856.217291
Lower 

Fill
30.9246138095.4087920

1679.8401679.84898.188704.666285
Middle 

Fill
34.319111497.85.0863821

1306.0701306.07699.452548.749285
Middle 

Fill
37.74849332.745.0863822

909.7430909.743488.719383.42285
Middle 

Fill
41.34576818.635.0863823

502.6580502.658272.268213.606285
Middle 

Fill
45.15553980.455.0863824

162.520162.5276.784560.2406251
Upper 

Fill
48.3501736.4933.0015925
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Effective  

Normal 

Stress  

[psf]

Pore  

Pressure  

[psf]

Base  

Normal 

Stress  

[psf]

Shear  

Strength  

[psf]

Shear  

Stress  

[psf]

Base  

Friction 

Angle  

[degrees]

Base  

Cohesion  

[psf]

Base  

Material

Angle  

of Slice 

Base  

[degrees]

Weight  

[lbs]

Width  

[ft]

Slice  

Number

246.580246.58137.681109.053291
Lower 

Fill
-23.3359862.2554.490931

723.1090723.109401.826318.275291
Lower 

Fill
-20.15872508.954.490932

970.50756.88611027.39452.555358.457250Clay-17.69852131.662.579893

1159.8701159.873023.7622030LIQ 3-15.29464780.554.448884

1483.0301483.033023.7622030LIQ 3-12.28486141.954.448885

1766.2901766.293023.7622030LIQ 3-9.309217368.854.448886

2008.3802008.383023.7622030LIQ 3-6.358778469.34.448887

2208.902208.93023.7622030LIQ 3-3.425229446.164.448888

2389.6902389.693023.7622030LIQ 3013994.35.973139

2518.4902518.493023.7622030LIQ 33.176499306.513.6938510

2587.202587.23023.7622030LIQ 35.610129713.863.6938511

2635.4902635.493023.7622030LIQ 38.0539810050.83.6938512

2664.6902664.693023.7622030LIQ 310.5127103123.6938513

2519.02163.7082682.731174.64930.401250Clay13.442914264.65.0244414

2514.4678.71912593.181172.51928.713250Clay16.863514366.45.0244415

2456.0302456.031362.411079.13291
Lower 

Fill
20.1712857.74.5229216

2310.6102310.611281.791015.27291
Lower 

Fill
23.370412614.94.5229217

2145.7202145.721190.38942.868291
Lower 

Fill
26.650312197.54.5229218

1959.9401959.941087.41861.308291
Lower 

Fill
30.027711574.54.5229219

1723.7301723.73921.526729.916285
Middle 

Fill
33.31379248.163.9963520

1441.3201441.32771.365610.977285
Middle 

Fill
36.51717961.993.9963521

1141.1301141.13611.749484.55285
Middle 

Fill
39.85986480.123.9963522

826.7840826.784444.609352.163285
Middle 

Fill
43.37514821.583.9963523

490.4940490.494265.8210.533285
Middle 

Fill
47.1092940.423.9963524

160.9360160.93676.045960.2339251
Upper 

Fill
50.4392641.3632.7189825
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000463.8-110.5641

12.5460.32051.44021463.7-110.3312

12.54690.6207407.216461.815-105.6253

12.546280.31259.56460.185-100.9184

12.546549.6212469.8458.8-96.21185

12.546613.672757.61458.67-95.7246

12.5461401.296296.88457.409-90.39077

12.54592289.8510289.8456.437-85.05748

12.5462680.6312045.8455.675-79.029

12.5462958.0113292.2455.265-72.982710

12.5463079.813839.5455.202-66.945311

12.5463013.0213539.4455.486-60.90812

12.5462733.4712283.2456.12-54.870613

12.5463277.0614725.9457.144-48.655714

12.5463621.3516273458.558-42.440815

12.5463654.716422.9458.8-41.524416

12.5462678.1312034.5460.431-36.059517

12.5462577.0711580.4463.3-28.350218

12.5462534.4711389465.739-22.941419

12.5462309.2410376.9468.56-17.532620

12.5461923.148641.88471.8-12.123821

12.5461424.096399.32475.272-7.0374522

12.546901.6524051.69479.21-1.9510723

12.546430.261933.43483.6863.1353124

12.546100.383451.085488.88.2216925

000492.17511.223326
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Interslice  

Force Angle  

[degrees]

Interslice  

Shear Force  

[lbs]

Interslice  

Normal Force  

[lbs]

Y  

coordinate - Bottom  

[ft]

X  

coordinate  

[ft]

Slice  

Number

000466.886-93.89251

1.997533.756967.855464.949-89.40162

3.95457248.2093590.46463.3-84.91063

5.04537473.3725361.76462.477-82.33074

6.84459825.6646878.69461.26-77.88195

8.512261260.48421.21460.291-73.4336

10.01961734.139815.1459.562-68.98417

11.34232189.7310916.6459.066-64.53528

12.46052565.6211610.6458.8-60.08649

13.61412846.3211752.6458.8-54.113210

14.11742848.0911324.2459.005-50.419411

14.45492699.7910473.3459.368-46.725512

14.62412396.279183.58459.891-43.031713

14.62371942.537444.88460.576-39.337814

14.35092277.348901.29461.777-34.313415

13.76842357.669621.55463.3-29.28916

12.9862404.2410425.5464.961-24.76617

11.96932227.0310505466.916-20.243118

10.73231876.849902.25469.186-15.720219

9.29331419.898677.11471.8-11.197320

7.87202977.387068.95474.426-7.2009221

6.33001582.1255247.62477.385-3.2045722

4.68929277.0783377.9480.7220.79178223

2.9743986.48671664.5484.4984.7881424

1.211978.38677396.426488.88.7844925

000492.09111.503526

 

List Of Coordinates

Water Table

YX

463.8-250

463.8150

 

Focus Search Line

YX

447.537-23.3589

465.537-23.3589

 

External Boundary
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YX

492.89-8.81

492.55-12.64

488.8-24.7427

483.71-41.17

472-76.5298

471.8-77.1337

470.46-81.18

464.5-102.38

463.8-107

463.8-250

463.7-250

458.8-250

458.7-250

456.7-250

454.8-250

454.7-250

444.7-250

442.7-250

400-250

400150

445.5150

448.5150

454.8150

458.5150

458.8150

459.5150

460150

484.45150

484.4537.12

488.822.5371

493.028.39

492.90

 

Material Boundary

YX

484.4537.12

47273.7826

471.874.3715

463.897.9298

463.399.4022

460109.12

460150

 

Material Boundary

YX

488.8-24.7427

488.822.5371

 

Material Boundary
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YX

471.8-77.1337

471.874.3715

 

Material Boundary

YX

463.3-107

463.567-107

463.8-107

 

Material Boundary

YX

463.3-107

463.3-100.952

463.399.4022

 

Material Boundary

YX

458.8-250

458.8-15

458.8150

 

Material Boundary

YX

454.8-250

454.8-100.5

454.8150

 

Material Boundary

YX

463.7-250

463.7-110

463.567-107

463.3-100.952

459.5-15

459.5150

 

Material Boundary

YX

458.7-250

458.7-110

458.5-15

458.5150

 

Material Boundary
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YX

458.8-15

459.5-15

 

Material Boundary

YX

444.7-250

444.7-110

448.5-15

448.5150

 

Material Boundary

YX

442.7-250

442.7-110

445.5-15

445.5150

 

Material Boundary

YX

456.7-250

456.7-110

455.7-15

 

Material Boundary

YX

454.7-250

454.7-110

454.8-100.5

455.7-15

 

Material Boundary

YX

445.5-15

448.5-15
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GEOTECHNICAL ANALYSES FOR 
AMEREN MISSOURI LABADIE ENERGY CENTER 

BOTTOM ASH POND CLOSURE 
 
INTRODUCTION 
 
The geotechnical analyses and recommendations presented in this report are for the design of the 
permanent closure of the Bottom Ash Pond (BAP) at the Ameren Missouri Labadie Energy Center (LEC).  
This work was done for GREDELL Engineering Resources (GER), the designer of the closure.  Reitz & 
Jens, Inc. (R&J) was a subconsultant to GER. 
 
The findings from the geotechnical investigation for the permanent closure are presented in the Data 
Report for the Bottom Ash and Fly Ash Ponds Closure, dated August 15, 2017.  A summary of the history 
of the site is included in the Data Report. 
 
MISSOURI RIVER FLOOD LEVELS 
 
According to panel 29071C0190D of the Flood Insurance Rate Map (FIRM) for Franklin County, 
effective October 18, 2011, the existing ponds are within Zone AE of the 100-year floodplain with a Base 
(100-year) Flood Elevation (BFE) of 484 NGVD.  The FIRM also shows the areas outside of the 
perimeter berms to be within the Zone AE and the regulatory floodway with a BFE of 483 NGVD.  
However, the BFEs in this area are created entirely by backwater flooding from the Missouri River.  As a 
result, proposed improvements will not decrease the conveyance of the Missouri River or create a rise in 
the BFE.  GER used this information to set the elevation of the top of the perimeter berm. 
 
CDG Engineers completed a detailed Missouri River Floodplain Analysis for the Labadie Energy Center 
in June 2012.  According to this analysis, the BFE along the perimeter berms (River Mile Sections 57.52 
to 58.15) increases from 484.34 to 485.52 NGVD. 
 
SETTLEMENT 
 
Settlement analyses were completed using the computer program SETTLE3D 3.013.  The program 
calculates the effective vertical stress at depths for a uniform surface load on an assumed elastic half-
space using the Boussinesq stress distribution.  Settlement of the BAP was estimated for loading due to 
added CCR fill, in accordance with the preliminary grading plan developed by GER, dated July 6, 2017, 
as well as lowering of the water level in the pond.  The water in the BAP is maintained at about el. 484.  
We anticipated that the water level initially would be lowered to about el. 480 to complete the grading 
over most of the BAP, outside of the existing detention pond on the west end of the BAP.  We assumed 
that over time the water level within the BAP would be lowered by natural drainage to about el. 465, that 
is slightly above the prevailing high groundwater table surrounding the BAP. 
 
R&J performed a geotechnical investigation for the West Detention Basin (WDB) which is being 
constructed along the northern portion of the BAP (see Figure 1).  Our findings were presented in a report 
to Ameren Missouri and GER dated May 3, 2016.  We completed a settlement analysis of the WDB in 
May 2017.  We estimated that the construction of the perimeter berms would produce settlements of 3 to 
8 inches.  We estimated that the initial filling of the WDB would produce additional settlements of 6.5 to 
9 inches.  Because the estimated differential settlements could affect the liner and the buried pipes, we 
recommended placing a preload fill over the area of the WDB using bottom ash.  We also recommended  
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monitoring the settlements produced by the preload fill, to verify the magnitude of the estimated 
settlement and time required for the settlement to occur, which we estimated would primarily occur 
during the construction of the preload fill.  Settlement plates were installed after the area had been 
prepared and prior to the placement of fill.  The preload fill was completed on May 2, 2017.  We 
monitored the settlement through May 25, at which point it appears that the primary settlement was 90% 
or more completed.  The settlements ranged from 0.6 inches to 5.0 inches.  The distribution of settlements 
was in general agreement with the anticipated settlements. 
 
The BAP stratigraphy was estimated using field data obtained from the fall of 2015, which included CPT 
soundings and borings.  The site consists of varying thicknesses of coarse and fine ash underlain by silty 
sand and sand.  The ash thickness varied from 24 to 82 feet throughout the BAP.  The stratigraphy at 
those five locations are shown below: 

 

 
The CPT measurements of side friction and cone resistance reflect the material’s engineering behavior 
rather than the composition and was used to estimate Equivalent Standard Penetration Test (SPT) N60 

values, with empirical corrections developed by R&J.  A correlation for the stress-strain elastic soil 
modulus (Es) was used which accounted for the percent fines in a non-cohesive material and the N60 

corrected value (Source: Das, Principles of Foundation Engineering 2007) as follows: 
 

௦ܧ ൌ ߙ௔݌ ଺ܰ଴ 
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where 
pa  = atmospheric pressure of approximately 2 ksf 
  = 5 for sands with fines, 10 for clean normally consolidated sand 
N60  = the corrected SPT blow count 
 
The values of ES were estimated as described above.  These values were then modified by multiple 
analyses to approximate the settlements which were measured for the WDB preload fill.  The following 
tables presents the estimated ES and the adjusted ES for the various materials in the BAP. 
 

Table of Estimated and Adjusted ES for the BAP and Thicknesses (feet) in CPT’s 
E (tsf) E adjusted (tsf) CPT 29 CPT 21 CPT 6 CPT 12 CPT 16

Fine Ash 1 50 100 0 0 0 17 8

Coarse Ash 1 60 180 0 0 3 0 0

Coarse Ash 2 300 900 0 4 0 3 0

Mixed Ash 80 240 15 24 0 0 0

Fine Ash 1 50 100 0 0 5 13 0

Soft Fine Ash 20 40 4 0 11 0 21

Mixed Ash 80 240 0 0 12 0 5

Fine Ash 2 100 300 43 3 0 0 0

Mixed Ash 80 240 0 2 0 0 0

Soft Fine Ash 20 40 0 0 10 0 0

Coarse Ash 2 300 900 0 0 0 6 0

Fine Ash 1 50 100 0 0 18 23 0

Sand 1 100 300 0 0 3 0 4

Sand 2 250 750 5 29 0 9 9

Gravelly Sand 400 1200 0 12 5 0 0  
 
Settlement will have two components:  elastic deformation based upon the ES, and one-dimensional 
consolidation.  The elastic deformation component would occur quickly due to changes in stress 
conditions.  Settlement will also occur from dissipation of excess pore pressures which result in 
consolidation of the materials.  We calculated the settlement based upon the adjusted ES in the above table 
for the full depth of the CCR.  As a check, we also calculated the strain due to consolidation in the fine-
grain materials.  Materials, such as fine fly ash, which exhibited increases in pore pressures during the 
CPT sounding were modeled as consolidating layers.  One-dimensional consolidation test laboratory 
results on ponded and recompacted fly ash from May 2016 were used to estimate the field properties of 
sluiced fly ash.  Layers, which did not exhibit excessive pore pressures from the CPT soundings, such as 
coarse ash, interbedded fine and coarse ash or sand, were only modeled as elastic materials. 
 
The applied load was assumed to have a moist unit weight of 120 pcf, which is an estimate of the 
compacted ash fill.  The model of the applied surface loads in the SETTLE3D analyses is shown in Figure 
2.  The plan of the resulting settlement due to the CCR fills is shown in Figure 3.  As shown in Figures 2 
and 3, “imaginary” boreholes had to be incorporated in the model to replicate the boundaries of the initial 
excavation of the BAP, that is where the thickness of the CCR are much greater than around the perimeter 
of the BAP.  The parameters for these “imaginary” boreholes were inferred based upon the closest actual 
borings and CPT soundings.  These results are plotted along the profiles of the proposed drainage 
channels, BAP2, BAP4, BAP6 and BAP8, in Figures 5 through 12, and are termed “Initial Settlement” 
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because we judge that most of this settlement will occur during placement and grading of the CCR fills, as 
it did for the WDB.  To check the impact of this assumption, we also substituted estimated consolidation 
properties for the fine-grain ash layers.  This resulted in settlements that are approximately 10% greater 
than those shown in Figures 3 and 5 through 12.  This is within the accuracy of the data used in our 
settlement analyses, so we judge that the settlements shown in Figures 3 and 5 through 12 are the most 
reasonable estimates. 
 
Similarly, increases in the stress condition will occur in the materials as the water level in the BA Pond is 
lowered.  Lowering the water level increases the effective stresses in the materials by decreasing the pore 
water pressure.  This will result in settlement due to the consolidation of the materials, in particular the 
fine-grain materials.  This consolidation is time-dependent.  SETTLE3D provides a means to model the 
lowering of the water level.  The plan of the resulting total settlement due to both the placement of the 
CCR fills and the subsequent lowering of the water level is shown in Figure 4.  These results are also 
plotted in the profiles in Figures 5 through 12.  Again, substituting estimated consolidation properties for 
the fine-grain ash layers resulted in total settlements that are approximately 10% greater than those shown 
in Figures 4 and 5 through 12. 
 
Significant amounts of estimation and judgement were required to build the model in SETTLE3D for 
these settlement analyses, as described briefly in the foregoing paragraphs.  Even in the best conditions 
with homogeneous soils, and extensive field investigation and laboratory testing, research has shown that 
these methods of settlement analysis are usually conservative, overestimating settlement by up to 40%.  
We have tried to be conservative in our analyses; however, it must be recognized that our estimates of 
settlement are approximate.  Our distinction of “initial” and “total” settlement is also based upon 
judgement.  At least a portion of the “initial” settlement will take time to occur and may not be complete 
at the end of construction. 
 
If all of the “initial” settlement does occur during construction, then this will result in an apparent 
“shrinkage” for the contractor, that is more CCR will have to be moved and placed to achieve the 
specified surface grades than would be calculated based upon the initial topographic survey and the 
specified surface grades.  We estimated the volume of the “initial” settlement using the end-area method.  
The calculated volume of the “initial” settlement was about 67,000 cubic yards. 
 
The net final grades along the proposed drainage channels are plotted in Figures 6, 8, 10 and 12.  Based 
upon our estimate of the total settlement, that is the long-term settlement primarily due to the lowering of 
the water level in the BA Pond, it appears that the proposed profiles along these channels will have a 
positive slope toward the south perimeter embankment as intended as the total estimated settlement had 
occurred.  We estimate that there may be a settlement of the CCR of 3 to 6 inches at the proposed storm 
water inlets (at el. 480).  Therefore, some maintenance of grade should be anticipated at each of these 
inlets. 
 
Settlement Due to Liquefaction  
 
We reviewed published papers on recent research of the liquefaction potential of ponded fly ash.  Some 
research indicates that ponded fly ash is less likely to liquefy than natural soils of the same consistency 
and grain-size distribution due to diagenesis of ponded fly ash (i.e. changes in chemistry, density and 
cementation), and because fly ash tends to be more dilatant under shear stress than natural soil.  Other 
research indicates that ponded fly ash may liquefy at lower cyclic stress ratios than natural soils because 
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fly ash has a lower specific gravity.  Although, we measured the specific gravity of fly ash and bottom ash 
samples from Labadie and found that the specific gravities are similar to natural soils (see Data Report).  
It is possible that some irregular, differential settlements may occur due to liquefaction after a large 
earthquake, which may require repairing and re-grading the cap. 
 
SLOPE STABILITY 
 
Reitz & Jens completed a geotechnical investigation of the BAP and the FAP at the Labadie EC in 2010.  
The purpose of that investigation was to evaluate the stability of the ash pond perimeter embankments.  
Slope stability analyses were conducted for the load cases required by the Missouri Department of Natural 
Resources (MDNR) Dam Safety Program (DSP).  These findings were submitted in a report to Ameren 
Missouri, dated November 16, 2010.  The investigation included four borings and 8 CPT soundings, the 
approximate locations of which are shown in Figure 1.  These borings and CPT soundings were made 
through the perimeter embankments and at the exterior toe of the embankments of the BAP and the FAP.  
Two temporary piezometers were installed to help define the line of seepage through the embankment.  
The piezometers were located as close to the downstream crest as possible, with the tips located in the 
lower most embankment fill above the native soils.  The locations of the piezometers are shown in Figure 
1 (PZ-1 and PZ-2).  These were removed at the end of the investigation.  The logs of the 2010 borings and 
CPT soundings are included in the Data Report, as well as the results of the laboratory testing of samples 
obtained from the borings. 
 
Reitz & Jens evaluated the periodic safety factor assessments for the Labadie ash ponds in accordance 
with the 2015 EPA CCR Rule - 40 CFR §257.73(e).  The findings were submitted to Ameren Missouri in 
June 2016.  The model of the geometry of the BAP perimeter berm and the properties of the berm and 
foundation soil strata were developed for slope stability analyses of two critical sections.  The basis for 
the models is presented in the 2016 report.  Only Section 3 in the 2016 report was re-analyzed for this 
study because Section 3 would be modified by the proposed grading plan for the BAP closure.  The 
location of Section 3 is shown in Figure 1.  These results of this re-evaluation are presented in this 
section. 
 
Seismicity 
 
The critical cross-section was analyzed using a pseudo-static acceleration as a horizontal body force on 
the soil mass to calculate the minimum factor of safety for a seismic event.  The seismic acceleration was 
based upon the USGS 2014 seismic hazard maps for a Peak Horizontal Ground Acceleration (PHGA) for 
seismic loading event with a 2% probability of exceedance in 50 years.  The PHGA was factored for the 
seismic site class in accordance with ASCE 7 Minimum Design Loads for Buildings and Other Structures, 
International Building Code.  A seismic coefficient of 0.5 was applied to the PHGA, which is consistent 
with MSHA’s 2009 Engineering and Design Manual for Coal Refuse Disposal Facilities, in particular 
Chapter 7, “Seismic Design: Stability and Deformation Analyses.”  The manual cites research by Hynes-
Griffen and Franklin (1984) which found that for seismic coefficient of 0.5 would result in deformations 
of less than 3 feet for a safety factor of 1.0. 
 
The probabilistic PHGA for the design earthquake at the Labadie site is 0.180g (that is, 18.0% of standard 
gravity acceleration of 32.2 feet/sec2).  This value takes into account attenuation of bedrock shaking with 
distance from the probable sources and general soil interactions such as damping for a hypothetical soil 
profile.  This value is meant to be a conservative estimate.  Based upon the data, the most probable 
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earthquake magnitudes (Mw) for these accelerations are between 7.0 and 8.0.  We applied a multiplier of 
1.440 to the base PHGA to account for the soil profile at the LEC to obtain a site specific PHGA of 
0.259g.  Therefore, the pseudo-static seismic load was 0.130g, which was used in the re-evaluation of the 
critical cross-section presented herein. 
 
Liquefaction 
 
The liquefaction slope stability analysis is a post-earthquake, static analysis which includes the effects of 
potential liquefaction or softening of the soils.  Liquefaction occurs when ground shaking is sufficient to 
produce cyclic particle movements that cause excess pore water pressures to build to the point that most 
of the shear strength of the soil is lost.  Liquefaction occurs in loose sandy soils with less than about 35% 
fines (soils which are finer than standard U.S. #200 or 0.075mm).  Liquefaction can occur in very loose 
soils with up to 50 percent fines, and soils up to the size of fine gravel.  Liquefaction only occurs below 
the ground water table (phreatic surface).  The presence of soil susceptible to liquefaction in the top 50 
feet of the soil profile at the LEC typically included the foundation silts and sands.  Conservative 
estimates of post-earthquake or residual shear strengths in the liquefied strata were assumed using a 
correlation between the normalized residual shear strength ratio for liquefied soils and overburden-
correction CPT penetration resistance recommended by Idriss and Boulanger (2008). 
 
Results of Stability Analyses 
 
The slope stability of Section 3 was evaluated for four load cases using the computer program SLIDE 6.0.  
This program uses the Spencer method, which resolves the static forces on each vertical slice of soil 
profile along a given circular or irregular assumed failure surface.  The program searches for the 
minimum factor of safety (FS) against slope failure for each center point in the grid by incrementally 
varying the radius of the failure surface.  The plotted results from the program show the minimum FS, the 
center and radius of the failure surface with the minimum FS.  The output of the program also plots 
contours of equal FS within the grid of possible center points.  The input to the slope stability analyses 
and graphical representations of the results are included in Figures 13 through 16. 
 
The first analysis was the “static” case, using the drained strength properties of the embankment and 
subsurface soil strata, as shown in Figure 13.  The bottom ash was assumed to have no shear strength, 
which is very conservative but had no effect on the critical failure surfaces through the exterior slope of 
the embankment.  The minimum FS was 2.69, much greater that the minimum acceptable FS of 1.5. 
 
The seismic load was analyzed for both undrained shear strength properties for the embankment and 
subsurface soil strata (Figure 14) and using the drained shear strength properties (Figure 15).  The 
minimum FS for the seismic-undrained case was 1.99, and 1.85 for the seismic-drained case.  The 
minimum acceptable FS for the seismic load case is 1.0. 
 
The fourth analysis was the post-earthquake condition in which reduced shear strength properties are used 
in the subsurface soil strata that have been identified as having a high liquefaction potential, as shown in 
Figure 16.  The identification of the liquefiable strata and the post-liquefaction shear strength properties 
are discussed in the 2016 CCR periodic safety factor assessment.  The minimum FS for this condition was 
1.69.  The minimum FS in the CCR Rule is 1.20. 
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Therefore, the re-analyses of the slope stability for the critical Section 3 with the proposed modifications 
demonstrated that the slope stability is acceptable. 
 
SHRINKAGE 
 
R&J excavated test pits at various locations in the BAP and the FAP to measure the in-situ densities of the 
bottom ash and the fly ash.  The approximate locations of the test pits are shown in Appendix H in the 
Data Report.  The field densities were measured with a nuclear density gage.  Because of the problems 
associated with measuring the moisture content of CCR with a nuclear density gauge, a bag sample or a 
drive tube was collected for each field density test.  The corrected field dry densities are listed in the 
Table 1.  Test Pits BA-1, BA-2 and BA-3 were made along the southern berm of the BAP.  BA-1 and BA-
2 were made in temporary roads constructed by Charah for the field investigation using bottom ash.  The 
bottom ash in these 3 test pits were well compacted, with an average dry unit weight (γd) or dry density 
(DD) of 99.9 PCF.  Test Pits BA-5 and BA-6 were made in the stockpiled bottom ash.  These test pits 
were excavated in 1-foot increments and the dry density was measured at each increment.  Test Pits BA-7 
and BA-8 were also made in the stockpiled bottom ash.  The DD of the stockpiled bottom ash ranged 
from 86.3 to 102.9 PCF, and averaged 94.1 PCF.  Test Pits BA-9 and BA-10 were made in the bottom ash 
outside the area of stockpiled bottom ash, and are thought to represent the general bottom ash that has 
been moved and graded but not compacted.  The DD from these 2 test pits averaged 81.8 PCF.  The 
overall average DD of the (corrected) field tests on the bottom ash was 93.7 PCF (see Table 2). 
 

The standard calculation for Shrinkage = ቀ1 െ ூ௡	ௌ௜௧௨	ୈ୰୷	ୈୣ୬ୱ୧୲୷

୘ୟ୰୥ୣ୲	ୈ୰୷	ୈୣ୬ୱ୧୲୷
	ቁ  %100	ݔ

 
For the in-situ Dry Density, we recommend using the average in-situ Dry Density minus one Standard 
Deviation.  We recommend using a Target Dry Density of 94 PCF for the bottom ash.  This was the 
average DD measured for the stockpiled bottom ash, which represents the level of compaction effort for 
the placement and grading of the bottom ash in the BAP.  It is also the required DD for the construction of 
the berms of the West Detention Basin (Relative Density, Dr = 75%) for the gray and tan bottom ash from 
the stockpile.  The computed Shrinkage for the bottom ash field density tests are listed in Table 2.  The 
overall Shrinkage for the bottom ash is about 8% if the Standard Deviation of the field density tests is 
included. 
 

The standard calculation of Shrinkage Factor (SF) = 1 – Shrinkage/100% = ( 
ூ௡	ௌ௜௧௨	ୈ୰୷	ୈୣ୬ୱ୧୲୷

୘ୟ୰୥ୣ୲	ୈ୰୷	ୈୣ୬ୱ୧୲୷
 ) 

 
The overall SF for the bottom ash is 0.92.  We recommend using a non-weighted average of 0.9. 
 
SUITABILITY OF SOIL FOR VEGETATIVE COVER 
 
The outside of the east end of the southern embankment of the BAP is to be excavated to a depth of about 
5 feet.  The construction plans show that the southern embankment was raised in 1989-1990 by placing a 
mixture of bottom ash and fly ash on the exterior (southern) face of the embankment as well as the top, 
with a 1-foot soil cap.  Therefore, most of the excavated material from the southern embankment of the 
BAP will be CCR and will have to be disposed of in the BAP; it will not be suitable for the vegetative 
cap.  In addition, 2 feet of the CCR fill will have to be removed to construct the closure cap on the 
exposed CCR in the outside face of the embankment. 
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Approximately 15 feet of the outside portion of the existing perimeter embankment of the FAP is to be 
excavated.  The fill used to construct the perimeter embankment of the FAP was excavated from the top 
few feet of the soil in the interior of the FAP.  It appears that this will be suitable material for the 
vegetative cap.  The fill is probably heterogeneous and was placed in thin lifts.  Some of the fill material 
may be unsuitable for the vegetative cover, for example sand or non-plastic silt which is highly erodible.  
Up to one-half of the excavated fill material may not be suitable for the clay cap for the BAP.  The 
unsuitable excavated soil may need to be segregated, or mixed with the clayey soil to make a suitable mix 
for the vegetative cover. 
 
CONSTRUCTABILITY 
 
Most of the major difficulties in closing of CCR ponds is the constructability of the CCR, in particular 
drying of the CCR so that it may be placed and compacted, and trafficability.  The bottom ash is similar to 
a fine sand in that it dries fairly quickly.  The fly ash does not tend to lose moisture unless it is disced and 
spread out.  A pile of fly ash does not lose moisture content by gravity. 
 
Charah was able to build roads across the BAP for the exploration borings and CPT sounding using 2 to 3 
feet of dried bottom ash from the stockpile after the ground water level in the BAP had been lowered 3 
feet or more below the working surface.  It should not be necessary to use a woven geotextile or geo-grid 
to reinforce the base of temporary roads within the BAP if the ground water level is lowered and 
construction equipment with low ground pressure is used.  The contractor will be responsible for planning 
of haul roads, selection of equipment, and means and methods. 
 
RECOMMENDATIONS FOR EARTHWORK 
 
Clearing and Grubbing 
 
The majority of the BAP is overgrown with various grasses, small shrubs and some large trees.  The 
grasses and fine vegetation may be plowed into the CCR.  The woody vegetation and trees are a problem 
because surface settlement may occur where the woody vegetation is concentrated and as it rots.  Also, it 
would be difficult to get compaction of the CCR around the fallen trees.  The thick woody vegetation and 
trees should be removed. 
 
Compaction of CCR 
 
The compaction of the CCR fill is needed to control settlement due to consolidation within the fill.  If the 
CCR fill is compacted sufficiently for trafficability then it should be adequate for compaction of the clay 
cap and vegetative cover.  As stated above, the target DD for the bottom ash is 94 PCF, and 83 PCF for 
the fly ash.  The contractor should cooperate with the CQA Engineer to establish a compaction procedure 
at the start of the fill.  The contractor should propose the compaction equipment and procedures, such as a 
minimum of two uniform complete coverages with a tracked bulldozer or loader with a minimum applied 
ground pressure of 1350 PSF.  The contractor should construct a test pad of sufficient size to test the 
operation of the proposed compaction equipment.  The CQA Engineer will test the density obtained and 
make recommendations of equipment, moisture content conditioning, or procedures necessary to achieve 
the minimum desired dry unit weight.  Field density testing of the CCR should not be required.  The CQA 
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Engineer may perform periodic field density tests to monitor whether the target DD are being achieved or 
if the CCR fill is being over-compacted, resulting in greater “Shrinkage.” 
 
Compaction of Clay Cap 
 
The clay should be placed in 6- to 8-inch lifts, and compacted using a pad-foot or similar kneading type of 
compactor – not by a vibratory compactor.  The minimum compaction should be 95% of the maximum 
dry unit weight as determined by the Standard Proctor Moisture-Density Test (ASTM D698).  We 
recommend a minimum of one field density test for every 1 acre if the placement and compaction is under 
full-time observation by an experienced and qualified soils technician. 
 
We recommend a full set of laboratory tests on the clay cap material a minimum of every 25,000 C.Y. or 
when there is a change in the borrow source or the material classification.  A full set of laboratory tests 
should include a standard Proctor moisture-density test, percent passing U.S. #200 sieve, a hydraulic 
conductivity test and Atterberg liquid and plastic limits tests. 
 
Compaction of Vegetative Cover 
 
Compaction of the vegetative cover should be accomplished by a minimum of two uniform complete 
coverages with a tracked bulldozer or loaded with a minimum applied ground pressure of 1000 PSF.  The 
CQA Engineer or his representative should observe to verify the compaction effort. 
 
Excavations 
 
Construction of the perimeter storm water pipes will require excavations up to about 20 feet deep, unless 
the pipes are installed by directional boring.  If installed by excavation, the contractor will have to use 
temporary slopes or shoring, or a combination.  Temporary slopes through the CCR mix used to raise the 
southern embankment of the BAP will have to be cut to 3(H)-to-1(V) or flatter if there is seepage out of 
the cut slope.  Temporary slopes in the soil fill may be cut to 2(H)-to-1(V) or flatter.  The excavations will 
have to be designed by a registered Professional Engineer in accordance with OSHA Section 1926, 
Subpart P – Excavations. 
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TABLE 1 ‐ RESULTS OF FIELD DENSITY TESTS ON CCP

Corrected Oven MC Ratio High

Moist Dry Moisture Tube Moisture Nuclear Field at Lower Oven MC

Test No. Depth Density Density Content Dry Density Content Dry Density Average S.D. Temp. to Low

feet pcf pcf % pcf % pcf pcf pcf % Oven MC

BA‐1 0 114.0 110.7 3.0 7.1 106.4 2.37

BA‐2 0 101.5 98.6 2.9 5.6 96.1 1.94

BA‐3 0 103.9 100.2 3.7 6.8 97.3 1.84

0 105.3 103.3 1.9 4.5 100.8 2.36

1 109.8 107.3 2.3 6.7 102.9 2.91

2 101.1 98.6 2.5 7.1 94.4 2.82

3 98.1 94.3 4.0 13.6 86.3 3.41

4 100.7 97.7 3.1 10.3 91.3 3.34

0 99.4 96.7 2.8 6.1 93.7 2.17

1 101.2 97.7 3.6 9.7 92.3 2.68

2 105.0 99.1 6.0 14.4 91.8 2.41

3 100.2 95.7 4.7 12.1 89.4 2.57

4 96.8 92.5 4.6 9.0 88.8 1.96

BA‐7 0 104.9 102.3 2.5 5.1 99.8 2.04

BA‐8 0 102.2 99.7 2.5 4.5 97.8 1.82 0.46 9.87

BA‐9 0 87.4 72.7 20.2 10.8 78.9 0.53 5.6 1.93

BA‐10 0 92.6 81.1 14.2 9.3 84.7 0.65 4.1 2.27

0 92.2 76.6 20.3 78.6 24.4 74.1 1.20 32.35 0.75

1 112.7 97.6 15.5 78.6 30.0 86.7 1.94 38.63 0.78

2 102.1 91.6 11.5 13.2 90.2 1.15 16.14 0.82

3 101.8 92.9 9.6 86.2 15.8 87.9 1.65 14.86 1.06

4 98.1 82.8 18.4 71.7 32.2 74.2 1.75 41.95 0.77

0 89.7 76.3 17.5 75.7 23.3 72.7 1.33 33.31 0.70

1 103.9 85.7 21.2 17.0 88.8 0.80 23.27 0.73

2 112.7 99.8 12.9 23.6 91.2 1.83 27.14 0.87

3 99.2 86.3 14.9 84.9 19.4 83.1 1.30 25.44 0.76

4 104.0 89.3 16.4 81.5 27.4 81.6 1.67 29.56 0.93

0 106.4 103.5 2.8 92.4 6.0 100.4 2.14 14.8 0.41

1 96.0 82.2 16.8 67.2 33.0 72.2 1.96 39.95 0.83

2 95.5 79.1 20.7 77.4 27.7 74.8 1.34 28.2 0.98

3 89.0 73.1 21.7 69.0 29.0 69.0 1.34 32.03 0.91

4 84.5 59.8 41.2 53.0 67.6 50.4 1.64 74.32 0.91

0 103.8 93.6 10.9 20.1 86.4 1.84 16.8 1.20

1 104.1 86.6 20.2 70.2 31.9 78.9 1.58 32.2 0.99

2 100.7 85.2 18.3 26.9 79.4 1.47 28.46 0.95

3 91.5 67.2 36.2 58.4 66.4 55.0 1.83 62.21 1.07

4 95.7 70.0 36.8 56.2 67.9 57.0 1.85 63.65 1.07

FA‐5 0 118.2 116.8 1.2 3.2 114.5 2.67

FA‐6 0 97.6 91.0 7.2 6.8 91.4 0.94

FA‐7 Trench 69.4 49.5 47.6 1.04

FA‐8 Trench 71.5 40.8 55.5 0.74

Max. 1.20

All Fly Ash 82.2 5.1 Min. 0.41

Average 0.87
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BA‐5 Test 

Pit
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No Tube 

Densities ‐ 

Bottom Ash 

Sample not 

retained in 

tubes.

103.0 11.6

70.5 1.0

Ratio 

Oven MC 

to Nuke 

MC

81.8 2.9

83.1 6.7

72.3 14.5

Corrected Field Dry 

Density

99.9 4.6

94.1 5.0

1.60 ‐0.41

Ratio of Oven MC to 

Nuke MC

Average Stand. Dev.

2.22 0.75

REITZ & JENS, INC.
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TABLE 2 ‐ SHRINKAGE AND SHRINKAGE FACTORS

Average Standard Ratio

In‐Situ Deviation Target DD Standard Standard

Dry Density In‐Situ  DD (In‐Situ DD ‐ Shrinkage Shrinkage

PCF PCF Stand. Dev.) % Factor

Stockpiled 94.1 5.0 1.05 5.2 0.95

South Berm 99.9 4.6 0.99 ‐1.4 1.01

Non‐Stockpiled 81.8 2.9 1.19 16.1 0.84

All Bottom Ash Tests 93.7 6.8 1.08 7.5 0.92

Older Stockpiled 83.1 6.7 1.09 8.0 0.92

Recent Stockpiled 72.3 14.5 1.44 30.3 0.70

All Stockpiled 77.7 12.5 1.27 21.5 0.79

Trenches 70.5 1.0 1.20 16.3 0.84

All Fly Ash Tests 82.2 5.1 1.08 7.1 0.93

Notes: Target Dry Density (DD) for bottom ash is 94.0 PCF.  Target DD for fly ash is 83.0 PCF.

Standard Shrinkage = [1 ‐ (Avg. DD ‐ Stand. Dev. DD)/Target DD] x 100%

Shrinkage Factor = 1 ‐ (Stand. Shrinkage)/100
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GEOTECHNICAL ANALYSES FOR 
AMEREN MISSOURI LABADIE ENERGY CENTER 

FLY ASH POND CLOSURE 
 
INTRODUCTION 
 
The geotechnical analyses and recommendations presented in this report are for the design of the 
permanent closure of the Fly Ash Pond (FAP) at the Ameren Missouri Labadie Energy Center (LEC).  
This work was done for GREDELL Engineering Resources (GER), the designer of the closure.  Reitz & 
Jens, Inc. (R&J) was a subconsultant to GER. 
 
The findings from the geotechnical investigation for the permanent closure are presented in the Data 
Report for the Bottom Ash and Fly Ash Ponds Closure, dated August 15, 2017.  A summary of the history 
of the site is included in the Data Report. 
 
MISSOURI RIVER FLOOD LEVELS 
 
According to panel 29071C0190D of the Flood Insurance Rate Map (FIRM) for Franklin County, 
effective October 18, 2011, the existing ponds are within Zone AE of the 100-year floodplain with a Base 
(100-year) Flood Elevation (BFE) of 484 NGVD.  The FIRM also shows the areas outside of the 
perimeter berms to be within the Zone AE and the regulatory floodway with a BFE of 483 NGVD.  
However, the BFEs in this area are created entirely by backwater flooding from the Missouri River.  As a 
result, proposed improvements will not decrease the conveyance of the Missouri River or create a rise in 
the BFE.  GER used this information to establish the top of the perimeter berm. 
 
CDG Engineers completed a detailed Missouri River Floodplain Analysis for the Labadie Energy Center 
in June 2012.  According to this analysis, the BFE along the perimeter berms (River Mile Sections 57.52 
to 58.15) increases from 484.34 to 485.52 NGVD. 
 
SETTLEMENT 
 
Settlement analyses were completed using the computer program SETTLE3D 3.013.  The program 
calculates the effective vertical stress at depths for a uniform surface load on an assumed elastic half-
space using the Boussinesq stress distribution.  Settlement of the BAP was estimated for loading due to 
added CCR fill, in accordance with the preliminary grading plan developed by GER, dated July 6, 2017.  
The proposed cut and fill thicknesses in feet are reproduced in Figure 2.  We assumed a moist unit weight 
of 127 PCF, to be conservative.  The majority of the FAP will be unloaded, that is the fly ash will be 
excavated and used to close the BAP.  The rebound of the fly ash due to unloading will not be significant. 
 
The basin at the south end of the FAP will be dewatered and filled with fly ash.  The dewatering of the 
basin will increase the effective stress on the fly ash, which would also cause some consolidation and 
settlement.  However, the fly ash does not drain readily.  Therefore, only the fly ash in the vicinity of the 
basin will probably be affected by the dewatering for the short period of time until the basin is filled with 
fly ash.  Since the FAP is lined, the existing water level in the FAP probably will not change very much 
over time.  Therefore, the potential settlement due to lowering of the ground water level in the FAP was 
not included in our analysis. 
 
No borings or CPT soundings have been made in the FAP since it was constructed.  The geotechnical 
borings shown in Figure 1 – G-1 through G-7 – were made by Geotechnology, Inc. for the design of the 
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FAP in 1992.  These borings were only 20 feet deep.  All of the CCR in the FAP is fly ash.  The 
consolidation properties of the fly ash used in our analysis were based upon a consolidation test 
performed on a compacted sample of the Labadie EC fly ash (see Data Report).  The consolidation 
properties of the underlying natural soils were estimated based upon the borings by Geotechnology.  The 
consolidation properties of the clays were based upon consolidation tests on the natural clays performed 
for the Detailed Site Investigation for the Labadie EC Utility Waste Landfill (UWL).  The compressibility 
(elastic modulus) of the natural sand strata were estimated based upon the N-values from the Standard 
Penetration Tests in the same borings. 
 
The plan of the resulting settlement due to the fly ash fills is shown in Figure 3.  These results are plotted 
along the profiles of the proposed drainage channels, FAP2, FAP4, FAP6 and FAP8, in Figures 4 through 
11.  Most of this settlement should occur over a long time, due to the fine-grain nature of the fly ash and 
the fact that the FAP is lined.  There is significant settlement in the area of the filled basin because Boring 
G-6 revealed 20 feet of silts and clays, and this area has only been loaded by the ponded water in the 
basin.  The other areas of maximum settlement (up to 21 inches) is where the new fly ash fills are the 
thickest.  We estimated the volume of the settlement using the end-area method.  The calculated volume 
was about 43,000 cubic yards. 
 
Significant amounts of estimation and judgement were required to build the model in SETTLE3D for 
these settlement analyses, as described briefly in the foregoing paragraphs.  Even in the best conditions 
with homogeneous soils, and extensive field investigation and laboratory testing, research has shown that 
these methods of settlement analysis are usually conservative, overestimating settlement by up to 40%.  
We have tried to be conservative in our analyses; however, it must be recognized that our estimates of 
settlement are approximate. 
 
The net final grades along the proposed drainage channels are plotted in Figures 5, 7, 9 and 11.  There is 
very little estimated settlement along Profile FAP2 since this is mostly across areas of cut.  There is some 
estimated settlement near the southeast embankment, where the fill in the basin extends to Profile FAP2.  
The estimated settlement below the thickest areas of fill along Profiles FAP4 (Figure 7) and FAP6 (Figure 
9) would result in ponding along these drainage swales.  If the FAP is to have a GCL cover, then it may 
be problematic to correct the grades in the future.  So, an additional 18 inches of fill may be placed along 
Profile FAP4 to compensate for the estimated settlement.  The problem is less extensive along FAP6.  An 
additional 8 inches of fill may be placed at the west end of FAP6 to compensate for future settlement.  
There is also potential for ponding at the west end of FAP8 (Figure 11) if the intention is for drainage to 
be toward the east along the entire length of FAP8. 
 
Settlement Due to Liquefaction  
 
We reviewed published papers on recent research of the liquefaction potential of ponded fly ash.  Some 
research indicates that ponded fly ash is less likely to liquefy than natural soils of the same consistency 
and grain-size distribution due to diagenesis of ponded fly ash (i.e. changes in chemistry, density and 
cementation), and because fly ash tends to be more dilatant under shear stress than natural soil.  Other 
research indicates that ponded fly ash may liquefy at lower cyclic stress ratios than natural soils because 
fly ash has a lower specific gravity.  Although, we measured the specific gravity of fly ash and bottom ash 
samples from LEC and found that the specific gravities are similar to natural soils (see Data Report).  It is 
possible that some irregular, differential settlements may occur due to liquefaction after a large 
earthquake, which may require repairing and re-grading the cap. 
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SLOPE STABILITY 
 
Reitz & Jens completed a geotechnical investigation of the BAP and the FAP at the Labadie EC in 2010.  
The purpose of this investigation was to evaluate the stability of the ash pond perimeter embankments.  
Slope stability analyses were conducted for the load cases required by the Missouri Department of Natural 
Resources (MDNR) Dam Safety Program (DSP).  These findings were submitted in a report to Ameren 
Missouri, dated November 16, 2010.  The investigation included four borings and 8 CPT soundings, the 
approximate locations of which are shown in Figure 1.  These borings and CPT soundings were made 
through the perimeter embankments and at the exterior toe of the embankments of the BAP and the FAP.  
The logs of the 2010 borings and CPT soundings are included in the Data Report, as well as the results of 
the laboratory testing of samples obtained from the borings. 
 
Reitz & Jens evaluated the periodic safety factor assessments for the Labadie ash ponds in accordance 
with the 2015 EPA CCR Rule - 40 CFR §257.73(e).  The findings were submitted to Ameren Missouri in 
June 2016.  The model of the geometry of the FAP perimeter berm and the properties of the berm and 
foundation soil strata were developed for slope stability analyses of two critical sections.  The basis for 
the models is presented in the 2016 report.  Sections 1 and 2 in the 2016 report were re-analyzed for this 
study because these sections would be modified by the proposed grading plan for the FAP closure.  The 
locations of Sections 1 and 2 are shown in Figure 1. 
 
Seismicity 
 
The critical cross-section was analyzed using a pseudo-static acceleration as a horizontal body force on 
the soil mass to calculate the minimum factor of safety for a seismic event.  The seismic acceleration was 
based upon the USGS 2014 seismic hazard maps for a Peak Horizontal Ground Acceleration (PHGA) for 
seismic loading event with a 2% probability of exceedance in 50 years.  The PHGA was factored for the 
seismic site class in accordance with ASCE 7 Minimum Design Loads for Buildings and Other Structures, 
International Building Code.  A seismic coefficient of 0.5 was applied to the PHGA, which is consistent 
with MSHA’s 2009 Engineering and Design Manual for Coal Refuse Disposal Facilities, in particular 
Chapter 7, “Seismic Design: Stability and Deformation Analyses.”  The manual cites research by Hynes-
Griffen and Franklin (1984) which found that for seismic coefficient of 0.5 would result in deformations 
of less than 3 feet for a safety factor of 1.0. 
 
The probabilistic PHGA for the design earthquake at the Labadie site is 0.180g (that is, 18.0% of standard 
gravity acceleration of 32.2 feet/sec2).  This value takes into account attenuation of bedrock shaking with 
distance from the probable sources and general soil interactions such as damping for a hypothetical soil 
profile.  This value is meant to be a conservative estimate.  Based upon the data, the most probable 
earthquake magnitudes (Mw) for these accelerations are between 7.0 and 8.0.  We applied a multiplier of 
1.440 to the base PHGA to account for the soil profile at the LEC to obtain a site specific PHGA of 
0.259g.  Therefore, the pseudo-static seismic load was 0.130g, which was used in the slope stability 
analyses presented herein. 
 
Liquefaction 
 
The liquefaction slope stability analysis is a post-earthquake, static analysis which includes the effects of 
potential liquefaction or softening of the soils.  Liquefaction occurs when ground shaking is sufficient to 
produce cyclic particle movements that cause excess pore water pressures to build to the point that most 
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of the shear strength of the soil is lost.  Liquefaction occurs in loose sandy soils with less than about 35% 
fines (soils which are finer than standard U.S. #200 or 0.075mm).  Liquefaction can occur in very loose 
soils with up to 50 percent fines, and soils up to the size of fine gravel.  Liquefaction only occurs below 
the ground water table (phreatic surface).  The presence of soil susceptible to liquefaction in the top 50 
feet of the soil profile at the LEC typically included the foundation silts and sands.  Conservative 
estimates of post-earthquake or residual shear strengths in the liquefied strata were assumed using a 
correlation between the normalized residual shear strength ratio for liquefied soils and overburden-
correction CPT penetration resistance recommended by Idriss and Boulanger (2008). 
 
Results of Stability Analyses 
 
The slope stability of Sections 1 and 2 were evaluated for four conditions using the computer program 
SLIDE 6.0.  This program uses the Spencer method, which resolves the static forces on each vertical slice 
of soil profile along a given circular or irregular assumed failure surface.  The program searches for the 
minimum factor of safety (FS) against slope failure for each center point in the grid by incrementally 
varying the radius of the failure surface.  The plotted results from the program show the minimum FS, the 
center and radius of the failure surface with the minimum FS.  The output of the program also plots 
contours of equal FS within the grid of possible center points.  The input to the slope stability analyses 
and graphical representations of the results are included in Figures 12 through 19.  The resulting 
minimum FS are summarized in the following table: 
 

Minimum FS from Slope Stability Analyses 

Condition Section 1 Section 2 
Minimum 
Acceptable 

Static (Long-term) 2.70 2.18 1.5 
Seismic (Drained Strength) 1.58 1.30 1.0 
Seismic (Undrained Strength) 1.86 2.28 1.0 
Liquefaction 1.54 1.56 1.2 

 
The first condition that was analyzed was the “static” case, using the drained strength properties of the 
embankment and subsurface soil strata as shown in Figures 12 and 16.  The bottom ash was assumed to 
have no shear strength, which is very conservative but had no effect on the critical failure surfaces 
through the exterior slope of the embankment.  The minimum FS were much greater than the minimum 
acceptable FS of 1.5. 
 
The seismic load case was analyzed using both undrained shear strength properties for the embankment 
and subsurface soil strata and using the drained shear strength properties.  The minimum FS were much 
greater than the minimum acceptable FS of 1.0. 
 
The fourth analysis was the post-earthquake condition in which reduced shear strength properties are used 
in the subsurface soil strata that have been identified as having a high liquefaction potential, as shown in 
Figures 15 and 19.  The identification of the liquefiable strata and the post-liquefaction shear strength 
properties are discussed in the 2016 CCR periodic safety factor assessment.  The minimum FS for this 
condition were greater than the minimum FS in the CCR Rule (1.2). 
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Therefore, the re-analyses of the slope stability for the critical Sections 1 and 2 with the proposed 
modifications demonstrated that the slope stability is acceptable. 
 
SHRINKAGE 
 
R&J excavated test pits at various locations in the BAP and the FAP to measure the in-situ densities of the 
bottom ash and the fly ash.  The approximate locations of the test pits are shown in Appendix H in the 
Data Report.  The field densities were measured with a nuclear density gage.  Because of the problems 
associated with measuring the moisture content of CCR with a nuclear density gauge, a bag sample or a 
drive tube was collected for each field density test.  The corrected field dry densities (DD) are listed in the 
Table 1.  Test Pits FA-1 through FA-4 were made in the stockpiled fly ash.  These test pits were 
excavated in 1-foot increments and the dry density was measured at each increment.  FA-1 and FA-2 were 
excavated in the “older” stockpile of fly ash at the northern end of the FAP.  FA-3 and FA-4 were 
excavated in the more recently stockpiled fly ash.  FA-5 and FA-6 were excavated in the fly ash that 
appears to have been in place for some time; the DD were much greater (average 103 PCF) and the 
moisture contents were much less (3.2% and 6.8%) than any of the other fly ash field tests.  Test Pits FA-
7 and FA-8 were excavated from two of the sedimentation trenches that were dry at the surface.  Drive 
tube samples were obtained from the bucket of the trackhoe (see photos in Appendix H of the Data 
Report).  The DD of the stockpiled fly ash ranged from 72.3 PCF to 103.0 PCF, and averaged 77.7 PCF.  
The average DD of all of the fly ash field tests was 82.2 PCF. 
 

The standard calculation for Shrinkage = ቀ1 െ ூ௡	ௌ௜௧௨	ୈ୰୷	ୈୣ୬ୱ୧୲୷

୘ୟ୰୥ୣ୲	ୈ୰୷	ୈୣ୬ୱ୧୲୷
	ቁ  %100	ݔ

 
For the in-situ Dry Density, we recommend using the average in-situ Dry Density minus one Standard 
Deviation.  We recommend using a Target Dry Density of 83 PCF for the fly ash.  This was the average 
DD measured for the older stockpiled fly ash, which represents the level of compaction effort for the 
placement and grading of the fly ash.  The computed Shrinkage for the fly ash field density tests are listed 
in Table 2.  The Shrinkage varied from 8% for the older stockpiled fly ash to 30% for the recently 
stockpiled fly ash.  The high values of Shrinkage are due in part to the high Standard Deviations.  The 
overall simple average Shrinkage for the fly ash is about 7% if the Standard Deviation of the field density 
tests is included. 
 

The standard calculation of Shrinkage Factor (SF) = 1 – Shrinkage/100% = ( 
ூ௡	ௌ௜௧௨	ୈ୰୷	ୈୣ୬ୱ୧୲୷

୘ୟ୰୥ୣ୲	ୈ୰୷	ୈୣ୬ୱ୧୲୷
 ) 

 
The overall SF for the fly ash is 0.93.  However, we recommend using a non-weighted average of 0.85 
because of the variability of the field DD. 
 
SUITABILITY OF SOIL FOR VEGETATIVE COVER 
 
Approximately 15 feet of the outside portion of the existing perimeter embankment of the FAP is to be 
excavated.  The fill used to construct the perimeter embankment of the FAP was excavated from the top 
few feet of the soil in the interior of the FAP.  It appears that this will be suitable material for the 
vegetative cap.  The fill is probably heterogeneous and was placed in thin lifts.  Some of the fill material 
may be unsuitable for the vegetative cover, for example sand or non-plastic silt which are highly erodible.  
Up to one-half of the excavated fill material may not be suitable for the clay cap for the BAP.  The 
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unsuitable excavated soil may need to be segregated, or mixed with the clayey soil to make a suitable mix 
for the vegetative cover. 
 
CONSTRUCTABILITY 
 
Most of the major difficulties in closing of CCR ponds is the constructability of the CCR, in particular 
drying of the CCR so that it may be placed and compacted, and trafficability.  Charah has been running 
earth moving equipment across the FAP during normal operations.  The top several feet of the fly ash 
dries to form a shale-like structure (see photos in Appendix H of the Data Report).  However, if the top 
several feet of non-stockpile fly ash is removed, the subgrade fly ash will probably be very wet and not 
able to support construction traffic.  The fly ash does not tend to lose moisture unless it is disced and 
spread out.  A pile of fly ash does not lose moisture content by gravity.  The contractor will have to dry 
some of the fly ash that is to be excavated for the BAP closure.  It should not be necessary to use a woven 
geotextile or geo-grid to reinforce the base of temporary roads within the FAP if construction equipment 
with low ground pressure is used.  The contractor will be responsible for planning of haul roads, selection 
of equipment, and means and methods. 
 
RECOMMENDATIONS FOR EARTHWORK 
 
Clearing and Grubbing 
 
The grasses and fine vegetation may be plowed into the CCR.  The thick woody vegetation and trees 
should be removed. 
 
Compaction of CCR 
 
The compaction of the CCR fill is needed to control settlement due to consolidation within the fill.  If the 
CCR fill is compacted sufficiently for trafficability then it should be adequate for compaction of the clay 
cap and vegetative cover.  As stated above, the target DD is 83 PCF for the fly ash.  The contractor should 
cooperate with the CQA Engineer to establish a compaction procedure at the start of the fill.  The 
contractor should propose the compaction equipment and procedures, such as a minimum of two uniform 
complete coverages with a tracked bulldozer with a minimum applied ground pressure of 1350 PSF.  The 
contractor should construct a test pad of sufficient size to test the operation of the proposed compaction 
equipment.  The CQA Engineer will test the density obtained and make recommendations of equipment, 
moisture content conditioning, or procedures necessary to achieve the minimum desired dry unit weight.  
Field density testing of the CCR should not be required.  The CQA Engineer may perform periodic field 
density tests to monitor whether the target DD are being achieved or if the CCR fill is being over-
compacted, resulting in greater “Shrinkage.” 
 
Compaction of Vegetative Cover 
 
Compaction of the vegetative cover should be accomplished by a minimum of two uniform complete 
coverages with a tracked bulldozer with a minimum applied ground pressure of 1000 PSF.  The CQA 
Engineer or his representative should observe to verify the compaction effort. 
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Excavations 
 
Construction of the perimeter storm water pipes will require excavations up to about 20 feet deep, unless 
the pipes are installed by directional boring.  If installed by excavation, the contractor will have to use 
temporary slopes or shoring, or a combination.  Temporary slopes through the CCR mix used to raise the 
southern embankment of the BAP will have to be cut to 3(H)-to-1(V) or flatter if there is seepage out of 
the cut slope.  Temporary slopes in the soil fill may be cut to 2(H)-to-1(V) or flatter.  The excavations will 
have to be designed by a registered Professional Engineer in accordance with OSHA Section 1926, 
Subpart P – Excavations. 
 



Ameren Labadie Ash Pond Closures

TABLE 1 ‐ RESULTS OF FIELD DENSITY TESTS ON CCP

Corrected Oven MC Ratio High

Moist Dry Moisture Tube Moisture Nuclear Field at Lower Oven MC

Test No. Depth Density Density Content Dry Density Content Dry Density Average S.D. Temp. to Low

feet pcf pcf % pcf % pcf pcf pcf % Oven MC

BA‐1 0 114.0 110.7 3.0 7.1 106.4 2.37

BA‐2 0 101.5 98.6 2.9 5.6 96.1 1.94

BA‐3 0 103.9 100.2 3.7 6.8 97.3 1.84

0 105.3 103.3 1.9 4.5 100.8 2.36

1 109.8 107.3 2.3 6.7 102.9 2.91

2 101.1 98.6 2.5 7.1 94.4 2.82

3 98.1 94.3 4.0 13.6 86.3 3.41

4 100.7 97.7 3.1 10.3 91.3 3.34

0 99.4 96.7 2.8 6.1 93.7 2.17

1 101.2 97.7 3.6 9.7 92.3 2.68

2 105.0 99.1 6.0 14.4 91.8 2.41

3 100.2 95.7 4.7 12.1 89.4 2.57

4 96.8 92.5 4.6 9.0 88.8 1.96

BA‐7 0 104.9 102.3 2.5 5.1 99.8 2.04

BA‐8 0 102.2 99.7 2.5 4.5 97.8 1.82 0.46 9.87

BA‐9 0 87.4 72.7 20.2 10.8 78.9 0.53 5.6 1.93

BA‐10 0 92.6 81.1 14.2 9.3 84.7 0.65 4.1 2.27

0 92.2 76.6 20.3 78.6 24.4 74.1 1.20 32.35 0.75

1 112.7 97.6 15.5 78.6 30.0 86.7 1.94 38.63 0.78

2 102.1 91.6 11.5 13.2 90.2 1.15 16.14 0.82

3 101.8 92.9 9.6 86.2 15.8 87.9 1.65 14.86 1.06

4 98.1 82.8 18.4 71.7 32.2 74.2 1.75 41.95 0.77

0 89.7 76.3 17.5 75.7 23.3 72.7 1.33 33.31 0.70

1 103.9 85.7 21.2 17.0 88.8 0.80 23.27 0.73

2 112.7 99.8 12.9 23.6 91.2 1.83 27.14 0.87

3 99.2 86.3 14.9 84.9 19.4 83.1 1.30 25.44 0.76

4 104.0 89.3 16.4 81.5 27.4 81.6 1.67 29.56 0.93

0 106.4 103.5 2.8 92.4 6.0 100.4 2.14 14.8 0.41

1 96.0 82.2 16.8 67.2 33.0 72.2 1.96 39.95 0.83

2 95.5 79.1 20.7 77.4 27.7 74.8 1.34 28.2 0.98

3 89.0 73.1 21.7 69.0 29.0 69.0 1.34 32.03 0.91

4 84.5 59.8 41.2 53.0 67.6 50.4 1.64 74.32 0.91

0 103.8 93.6 10.9 20.1 86.4 1.84 16.8 1.20

1 104.1 86.6 20.2 70.2 31.9 78.9 1.58 32.2 0.99

2 100.7 85.2 18.3 26.9 79.4 1.47 28.46 0.95

3 91.5 67.2 36.2 58.4 66.4 55.0 1.83 62.21 1.07

4 95.7 70.0 36.8 56.2 67.9 57.0 1.85 63.65 1.07

FA‐5 0 118.2 116.8 1.2 3.2 114.5 2.67

FA‐6 0 97.6 91.0 7.2 6.8 91.4 0.94

FA‐7 Trench 69.4 49.5 47.6 1.04

FA‐8 Trench 71.5 40.8 55.5 0.74

Max. 1.20

All Fly Ash 82.2 5.1 Min. 0.41

Average 0.87
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Nuclear Density Gauge Laboratory Results
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Pit
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Sample not 

retained in 

tubes.

103.0 11.6

70.5 1.0

Ratio 

Oven MC 

to Nuke 

MC

81.8 2.9

83.1 6.7

72.3 14.5

Corrected Field Dry 

Density

99.9 4.6

94.1 5.0

1.60 ‐0.41

Ratio of Oven MC to 

Nuke MC

Average Stand. Dev.

2.22 0.75
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TABLE 2 ‐ SHRINKAGE AND SHRINKAGE FACTORS

Average Standard Ratio

In‐Situ Deviation Target DD Standard Standard

Dry Density In‐Situ  DD (In‐Situ DD ‐ Shrinkage Shrinkage

PCF PCF Stand. Dev.) % Factor

Stockpiled 94.1 5.0 1.05 5.2 0.95

South Berm 99.9 4.6 0.99 ‐1.4 1.01

Non‐Stockpiled 81.8 2.9 1.19 16.1 0.84

All Bottom Ash Tests 93.7 6.8 1.08 7.5 0.92

Older Stockpiled 83.1 6.7 1.09 8.0 0.92

Recent Stockpiled 72.3 14.5 1.44 30.3 0.70

All Stockpiled 77.7 12.5 1.27 21.5 0.79

Trenches 70.5 1.0 1.20 16.3 0.84

All Fly Ash Tests 82.2 5.1 1.08 7.1 0.93

Notes: Target Dry Density (DD) for bottom ash is 94.0 PCF.  Target DD for fly ash is 83.0 PCF.

Standard Shrinkage = [1 ‐ (Avg. DD ‐ Stand. Dev. DD)/Target DD] x 100%

Shrinkage Factor = 1 ‐ (Stand. Shrinkage)/100
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2.6952.695

W

2.6952.695

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 Mohr-Coulomb 1 27.5

Lower Fill 120 Mohr-Coulomb 1 29

Clay 120 Mohr-Coulomb 400 18

Sand & Silt 120 Mohr-Coulomb 1 30

Sand 120 Mohr-Coulomb 1 35

Fly Ash 120 No strength
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 Load Case:  Static Section Location:  Section 1 - Fly Ash Pond

 Analysis By:  J. Bertel  Checked By:  L. Sutton  Figure: 12 Project Number:  2015120905

 Client:  Gredell Project Name:  Labadie Fly Ash Pond Closure



1.5761.576

W

1.5761.576

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 Mohr-Coulomb 1 27.5

Lower Fill 120 Mohr-Coulomb 1 29

Clay 120 Mohr-Coulomb 400 11

Sand & Silt 120 Mohr-Coulomb 1 30

Sand 120 Mohr-Coulomb 1 35

Fly Ash 120 No strength

 0.13
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1.8651.865

W

1.8651.865

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Upper Fill 120 Mohr-Coulomb 1 27.5

Lower Fill 120 Mohr-Coulomb 1 29

Clay 120 Mohr-Coulomb 950 0

Sand & Silt 120 Mohr-Coulomb 1 30

Sand 120 Mohr-Coulomb 1 35

Fly Ash 120 No strength

 0.13
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Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Cohesion

Type

Upper Fill 120 Mohr-Coulomb 1 27.5

Lower Fill 120 Mohr-Coulomb 1 29

Clay 120 Mohr-Coulomb 1200 0

Sand & Silt 120 Mohr-Coulomb 1 30

Sand 120 Mohr-Coulomb 1 35

Fly Ash 120 No strength

LIQ 1 120 Undrained 190 Constant

LIQ 2 120 Undrained 260 Constant

LIQ 3 120 Undrained 270 Constant

LIQ 4 120 Undrained 50 Constant
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 Load Case:  Liquefaction (Post Earthquake) Section Location:  Section 1 - Fly Ash Pond
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Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Middle Fill 118 Mohr-Coulomb 5 28

Clay 120 Mohr-Coulomb 0 25

Silt and Clay 120 Mohr-Coulomb 1 25

Sand 120 Mohr-Coulomb 1 31
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 Load Case:  Static Section Location:  Section 2 - Fly Ash Pond

 Analysis By:  J. Bertel  Checked By:  L. Sutton  Figure: 16  Project Number:  2015120905

 Client:  Gredell  Project Name:  Labadie Fly Ash Pond Closure



1.3011.301

W

1.3011.301

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Middle Fill 118 Mohr-Coulomb 5 28

Clay 120 Mohr-Coulomb 0 25

Silt and Clay 120 Mohr-Coulomb 1 25

Sand 120 Mohr-Coulomb 1 31

Fly Ash 112 No strength

 0.13
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 Load Case:  Seismic - Drained Strength Properties Section Location:  Section 2 - Fly Ash Pond

 Analysis By:  J. Bertel  Checked By:  L. Sutton  Figure: 17  Project Number:  2015120905

 Client:  Gredell Project Name:  Labadie Fly Ash Pond Closure



2.2782.278

W

2.2782.278
Material Name Color

Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Cohesion

Type

Middle Fill 118 Undrained 2000 Constant

Clay 120 Undrained 1200 Constant

Silt and Clay 120 Undrained 1600 Constant

Sand 120 Mohr-Coulomb 1 31

Fly Ash 112 No strength

 0.13

Safety Factor
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 Load Case:  Seismic - Undrained Strength Properties Section Location:  Section 2 - Fly Ash Pond

 Analysis By:  J. Bertel  Checked By:  L. Sutton  Figure: 18 Project Number:  2015120905

 Client:  Gredell Project Name:  Labadie Fly Ash Pond Closure



1.5581.558

W

1.5581.558

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)

Cohesion

Type

Upper Fill 115 Mohr-Coulomb 1 25

Middle Fill 118 Mohr-Coulomb 5 28

Lower Fill 120 Mohr-Coulomb 1 29

Clay 120 Mohr-Coulomb 0 25

Silt and Clay 120 Mohr-Coulomb 1 25

Sand 120 Mohr-Coulomb 1 31

Fly Ash 112 No strength

LIQ 1 120 Undrained 180 Constant

LIQ 2 120 Undrained 275 Constant

LIQ 3 120 Undrained 30 Constant

LIQ 4 120 Undrained 85 Constant

LIQ 5 120 Undrained 150 Constant
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0.000

0.500

1.000

1.500

2.000

2.500

3.000

3.500

4.000

4.500

5.000

5.500

6.000+

80
0

70
0

60
0

50
0

40
0

-300 -200 -100 0 100 200 300

 Load Case:  Liquefaction (Post Earthquake) Section Location:  Section 2 - Fly Ash Pond

 Analysis By:  J. Bertel  Checked By:  L. Sutton  Figure: 19  Project Number:  2015120905

 Client:  Gredell Project Name:  Labadie Fly Ash Pond Closure
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APPENDIX E: INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN §257.82 
 
 
1.0 INTRODUCTION 
 
The Labadie Energy Center (LEC) is located in northeastern Franklin County, Missouri along the 
Missouri River.  The plant is approximately 3 miles north of the Town of Labadie on the south bank of 
the Missouri River at river mile 57.5.  The LEC is located within the floodplain of the Missouri River.  
The LEC has two active surface impoundments that are designated as LCPA (Bottom Ash Pond) and 
LCPB (Fly Ash Pond).  The single stage industrial embankment dams impound an area of approximately 
243-acres.  The surface impoundments have been dewatered, no longer receive CCRs and are currently 
being closed.  A map showing the location of the surface impoundments is attached as Figure 1. 
 
1.1 Purpose 
 
40 CFR §257.82 requires the owner or operator of an existing CCR surface impoundment to prepare 
periodic inflow design flood control system plans for the CCR unit.  The plan should document how the 
inflow design flood control system has been designed, constructed, operated and maintained to meet the 
requirements of §257.82.  The section specifies that the inflow design flood control system must 
adequately manage flow into the CCR unit during and following the peak discharge of the inflow design 
flood and must manage flow from the CCR unit to collect and control the peak discharge resulting from 
the inflow design flood.  Because the existing CCR surface impoundments at the Labadie Energy Center 
are classified as Low Hazard Potential dams, 40 CFR §257.82 requires that the 100-Year flood is used as 
the design flood in this analysis.  
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2.0 REVIEW OF INITIAL INFLOW DESIGN FLOOD CONTROL SYSTEM 
 PLAN 
 
The initial inflow design flood control system plan was completed for the active CCR surface 
impoundments LCPA and LCPB at the Labadie Energy Center in 2016.  These CCR units have been 
dewatered and are currently being closed.  Stormwater falling within the footprint of these impoundments 
is actively managed by the closure contractor to prevent overtopping of the perimeter embankment.  
During closure construction the principal and emergency spillways for both impoundments were removed 
or reused as a stormwater inlet.  Rainfall falling within the footprint of the LCPA and LCPB is routed 
over closed portions of the impoundments to ten stormwater outlets located around the perimeter 
embankment. 
 
3.0 CONCLUSIONS 
 
LCPA and LCPB have been dewatered and are currently being closed.  Closure of LCPA and LCPB was 
designed so that water is not permanently impounded within the perimeter embankments.  The interior of 
the LCPA and LCPB have been graded and capped to route stormwater to 10 locations around the 
perimeter embankment.  Stormwater is discharged through gravity outlet pipes with stormwater 
management features to prevent erosion.  An inflow design flood control system plan is no longer 
applicable or necessary for the LCPA and LCPB. 
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