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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 5™ 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 Bottom Ash Active
(LCPA)
Fly Ash Pond (LCPB) Fly Ash Active

24 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

REITZ & JENS, INC.
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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:

1.  Stable foundations and abutments;

il.  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

REITZ & JENS, INC.
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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 | Description

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, 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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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Table 3 — Bottom Ash Pond (LCPA)
CCR Maximum | Maximum | Minimum | Crest | Upstream | Downstream
Unit Pond Dam Crest Length Slope Slope
Area Height Width (feet) | Steepness | Steepness
(acres) (feet) (feet) (H:V) (H:V)
Bottom
— 164 26.3 20 10,500 2:1 3:1
Pond
(LCPA)

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° 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° 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.

REITZ & JENS, INC.
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34 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 1x107°
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 | Approximate Est. Est. Average Est.
of CCR (CY) Bottom Elev. Maximum Depth of CCR Maximum
of CCR Unit CCR Elev. (feet) Depth of CCR
(feet) (feet) (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 Ngo-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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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Table 5 — Fly Ash Pond (LCPB)
CCR Maximum | Maximum | Minimum | Crest | Upstream | Downstream
Unit Pond Dam Crest Length Slope Slope
Area Height Width (feet) | Steepness | Steepness
(acres) (feet) (feet) (H:V) (H:V)
Fly Ash
Pond 79 29.5 10 6,100 2:1 &3:1 3:1
(LCPB)

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 | Approximate Est. Est. Average Est.
of CCR (CY) Bottom Elev. Maximum Depth of CCR Maximum
of CCR Unit CCR Elev. (feet) Depth of CCR
(feet) (feet) (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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5.0 PERIODIC HAZARD POTENTIAL CLASSIFICATION

40 CFR Part 257
Periodic Hazard Potential Classification Assessments for CCR Surface Impoundments
§257.83(a)(2)

The 2020 Periodic Hazard Potential Classification Assessment was conducted for active CCR surface
impoundments LCPA and LCPB at the Labadie Energy Center. These CCR surface impoundments are
low hazard potential because failure of the impoundment is not expected to cause a loss of human life,
and the economic, environmental and lifeline losses are expected to be low and generally limited to the
owner. The hazard potential classification was completed in general accordance with Federal Guidelines
for Dam Safety: Hazard Potential Classification for Dams by the Federal Emergency Management
Agency (January 2004).

CCR Unit Hazard Potential
Classification
LCPA Low
LCPB Low

The basis for the hazard potential classification is documented in Appendix B: Labadie Energy Center
Hazard Potential Classification. The subsequent assessment of the hazard potential must be conducted
within 5 years of this initial assessment.
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6.0 PERIODIC STRUCTURAL STABILITY ASSESSMENT

40 CFR Part 257
Periodic Structural Stability Assessment for CCR Surface Impoundments §257.73(d)(1)

The 2020 Periodic Structural Stability Assessment was conducted for the active CCR surface
impoundments LCPA and LCPB at the Labadie Energy Center. The structural stability assessment was
completed in general accordance with 40 CFR Part §257.73(d)(1). Assessment of both CCR Units found
no structural stability deficiencies, no significant issues with the current operations and maintenance, and
that the design and construction are adequate, however some corrective measures were recommended.

Requirement LCPA (Bottom Ash Pond) LCPB (Fly Ash Pond)
Periodic assessment was
completed in general
accordance with the Yes Yes
requirements of 40 CFR Part
§257.73(d)(1)

Refer to Appendix C for the 2020 Periodic Structural Stability Assessment report. The first subsequent
Periodic Structural Stability Assessment must be conducted within 5 years of this initial assessment.
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7.0 PERIODIC SAFETY FACTOR ASSESSMENT

40 CFR Part 257
Periodic Safety Factor Assessment for CCR Surface Impoundments §257.73(e)(1)

The initial periodic safety factor assessments for LCPA and LCPB were completed in October 2016. The
initial assessment found that the calculated factors of safety for the critical cross-sections of each CCR
unit exceed the minimum factors of safety for each loading condition required by 40 CFR §257.73(e).
LCPA and LCPB no longer receive CCRs, have been dewatered and are currently being closed. The
current conditions are no longer representative of those used in the 2016 assessment. A separate safety
factor assessment for the closed condition has been performed by Reitz & Jens. This assessment found
that the static and seismic stability factors of safety meet or exceed the minimum requirements.

Requirement LCPA LCPB

The calculated static factor of safety under the long-term,
maximum storage pool loading condition must equal or exceed 21.50 >21.50

1.50.
The calculated static factor of safety under the maximum 51,40 >1.40
surcharge pool loading condition must equal or exceed 1.40.

The calculated seismic factor of safety must equal or exceed 1.00. 21.00 21.00
The calculated liquefaction factor of safety must equal or exceed 120 >1.20

1.20.

Reitz & Jens’s initial periodic safety factor assessment and closure stability report is included in
Appendix D.

Engineer’s Seal
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Date: October 15, 2021
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8.0 HYDROLOGIC AND HYDRAULIC CAPACITY REQUIREMENTS

40 CFR Part 257
Initial Hydrologic and Hydraulic Capacity Requirements for CCR Surface Impoundment §257.82

The initial inflow design flood control system plan was completed in 2016 for LCPA and LCPB in
general accordance with 40 CFR Part §257(e)(1) using the 100-year design flood for low hazard potential
CCR surface impoundments. 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.

Requirement LCPA LCPB

The periodic inflow design

flood control system plan

meets the requirements of
40 CFR Part §257.82

Yes Yes

Refer to Appendix E for the Initial Inflow Design Control System Plan.
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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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APPENDIX A
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SECTION 1

GENERAL
This operation and maintenance plan, (hereafter referred to as the O&M Manual), outlines
objectives, proposed policies, responsibilities, and procedures for Ameren personnel who are

responsible for the management of the Labadie Bottom Ash and Fly Ash Ponds.

REASONS FOR DEVELOPMENT AND DISSEMINATION OF THE O&M MANUAL

As an ash pond embankment owner, Ameren is responsible for the safety of the public and
for maintaining the structures within the Ameren’s jurisdiction for both safety and economy.
The overall public interest is served by providing a document to serve as a basis for the safe
and economical operation and maintenance of the ash pond embankment during both
emergency and day-to-day conditions.

GENERAL RESPONSIBILITIES CONCERNING ASH POND EMBANKMENTS

Shift Supervisor

Contacts local agencies when emergency conditions exist at the Labadie Bottom Ash or Fly
Ash Ponds.

Plant Engineer

Ensures operation and maintenance program is being implemented as outlined in this
document. Ensures performance of weekly inspections. Performs annual assessment of the
Operation and Maintenance Manual.

Chief Dam Safety Engineer

Reviews all updates to the Operation and Maintenance Manual.

Dam Safety Group

Performs annual bottom ash and fly ash pond embankment inspection with the Plant
Engineer. Reviews weekly dam safety inspection reports.



SECTION 2

DEFINITIONS

Abutment - That part of the valley side or concrete walls against which the dam is
constructed. Right and left abutments are those on respective sides of an observer when
viewed looking downstream.

Appurtenant Works - The structures or machinery auxiliary to dams that are built to operate
and maintain dams; such as outlet works, spillways, gates, valves, channels, etc.

Auxiliary Spillway - A spillway that works in conjunction with the principal spillway to
control flood flows and is constructed of non-erodible materials.

Boil - A stream of water discharging from the ground surface downstream of the dam
carrying with it a volume of soil that is distributed around the hole formed by the discharging
water.

Berm - A horizontal step or bench in the sloping profile of an embankment dam.

Breach - A break, gap, or opening (failure) in a dam that releases impoundment water.

Concrete Block - An erosion protection method using interlocking concrete blocks, usually
with openings that are filled with soil and grass.

Core - A zone of material of low permeability in an earthen dam.
Dam - A barrier built for impounding or diverting the flow of water.

Dike (Levee) - An embankment or structure built alongside a river to prevent high water
from flooding bordering land.

Drain, Layer or Blanket - A layer of pervious material in a dam to facilitate the drainage of
the embankment, including such items as a toe drain, a weep hole, and a chimney drain.

Drawdown - The resultant lowering of water surface level due to the controlled release of
water from the impoundment.

Embankment - Fill material, usually earth or rock, placed with sloping sides.

Emergency Spillway - A spillway designed to operate very infrequently, only during
exceptionally large floods, usually constructed of materials expected to erode slowly.

Earthen Dam - Any dam constructed of excavated natural materials.



Failure - An incident resulting in the uncontrolled release of water from a dam.
Freeboard - The vertical distance between a stated water level and the top of a dam.

Gate or Valve - In general, a device in which a leaf or member is moved across the waterway
to control or stop the flow.

Groin - The junction of the upstream or downstream face of the dam with the valley wall.

Maintenance - The upkeep, involving labor and materials, necessary for efficient operation of
dams and their appurtenant works.

Operation - The administration, management, and performance needed to operate the dam
and appurtenant works.

Operation and Maintenance Inspection - Inspections conducted by the Plant Engineer. These
inspections are frequent visual inspections of the dam surface and appurtenant works.

Outlet - An opening through which water can freely discharge for a particular purpose from
an impoundment.

Phreatic Surface - The upper surface of saturation in an embankment.

Piping - The progressive development of internal erosion by seepage, appearing downstream
as a hole or seam, discharging water that contains soil particles.

Principal Spillway - The main spillway that controls both normal and flood flows and is
constructed of non-erodible materials.

Riprap - A layer of large stones, broken rock or precast blocks placed in a random fashion,
usually on the upstream slope of an embankment dam, on a reservoir shore, or on the sides of
a channel as a protection against current, wave and ice action.

Silt/Sediment - Soil particles and debris in an impoundment.

Slump/Slide Area - A portion of earth embankment that moves downslope, sometimes
suddenly, often with cracks developing.

Spillway System - A structure or structures over or through which flows are discharged. If
the flow is controlled by gates, it is considered a controlled spillway. If the elevation of the
spillway crest is the only control of the flows, it is considered an uncontrolled spillway.



Stilling Basin - A basin constructed to dissipate the energy of fast flowing water, such as
from a spillway, and to protect the stream bed from erosion.

Toe of Embankment - The junction of the face of the dam with the ground surface in the
floodplain upstream or downstream of the dam.

Trash Rack - A structure of metal or concrete bars located in the waterway at an intake to
prevent the entry of floating or submerged debris.



SECTION 3

INFORMATION ABOUT THE ASH POND EMBANKMENT

LOCATION

The Labadie Power Station is located in northeastern Franklin County, Missouri in the flood
plain of the Missouri River. The plant is located north of the Town of Labadie on the south
bank of the Missouri River at river mile marker 57.5. The plant is located in Sections 18 and
19, Township 44 North, Range 2 East of the 5t Principal Meridian.

DESCRIPTION OF ASH POND EMBANKMENT AND APPURTENANCES

The Labadie Ash Ponds are a single stage industrial ash pond embankment. The
embankment impounds an area of approximately 233-acres for coal combustion ash
sedimentation purposes. The perimeter of the ash pond embankment has a length of
approximately 11,700-lineal-feet (If) and a maximum height of 29.5-ft. The ash pond
embankment forms the perimeter of two impoundments which are separated by an interior
levee. The two impoundments are the Bottom Ash Pond and Fly Ash Pond.

Bottom Ash Pond

The Bottom Ash pond is located south of the plant and forms the southwest portion of the ash
impoundment area. The Bottom Ash Pond is approximately 154-acres. Design plans for the
Bottom Ash Pond were issued for construction in 1969 and construction was completed
shortly after. The dam was constructed of compacted earth fill with design slopes of 2
horizontal (H) to 1 vertical (V) upstream slopes and 3H:1V downstream slopes. The pond
embankment was raised from its original design approximately 8.5 feet to create additional
storage due to the amount of bottom ash deposited in the pond. The material used for the
levee raise consisted of bottom and fly ash and was blended to achieve a permeability of 1 x
10" centimeters per second or less.

A 75-ft wide broad crested weir emergency spillway is located on the southwest side of the
bottom ash pond. The emergency spillway is constructed of MODOT Type 4 Rip-Rap on the
upstream and downstream slopes. The crest of the emergency spillway is constructed of
aggregate sufficient to withstand design flows.

Fly Ash Pond

The Fly Ash Pond is located to the east of the plant and is in the northeast portion of the ash
impoundment area. The Fly Ash Pond was built in the 1990’s and has an area of
approximately 79 acres. The upstream slopes of the Fly Ash Pond range from 2H:1V to
3H:1V. The downstream slopes are primarily 3H:1V with a short section of 2H:1V in the
northwest corner. The Fly Ash Pond is also lined with a 60 mil high-density polyethylene



(HDPE) liner from the bottom to an elevation of 491-ft. No data was provided regarding the
initial geotechnical design assumptions or construction criteria.

A 50-ft wide broad crested weir emergency spillway is located on the southwest side of the
fly ash pond. The emergency spillway is constructed of MODOT Type 4 Rip-Rap on the
upstream and downstream slopes. The crest of the emergency spillway is constructed of
aggregate sufficient to withstand design flows.

HAZARD CLASSIFICATION

The Labadie Dam Impoundment is not currently subject to MDNR dam safety regulations. If
regulations did apply, the Labadie Dam would be classified as a Class I1I, LOW HAZARD
POTENTIAL, as defined by Missouri Department of Natural Resources (MDNR), because
there are no dwellings downstream. In addition, there are no dams currently registered with
MDNR directly influencing the Labadie Ash Ponds.

PURPOSE OF ASH POND EMBANKMENT

The dam forms the perimeter of two impoundments which are separated by an interior levee.
The two impoundments are the Bottom Ash and Fly Ash Ponds. The active reservoirs are
used for coal combustion (Bottom Ash and Fly Ash) sedimentation storage.

PERTINENT DATA

Pertinent data about the ash pond embankment, appurtenant works, and reservoir is presented
in Table 1.



TABLE 1

PROJECT DATA
Drainage Area 387-Acres
Ash Pond Embankment:
Type Earth Embankment

Elevation, Top of Embankment

Varies from 491 to 494 feet

Height Above Streambed

Approximately 29.5 feet

Length 11,700 feet

Top Width Varies

Minimum Freeboard Requirements | 2.5 Feet
Bottom Ash Pond:

Upstream Slope 2(H)on 1 (V)

Downstream Slope

3(H)onl (V)

Elevation, Top of Embankment

492.7 to 494.6 feet (490.0 — Flow Line of

Emergency Spillway)
Elevation, Normal Pool 484 feet
Area 154 acres
Freeboard, Normal Pool 8.3 feet
Liner Not Lined

Outlet Works.:

Structure Type

8 ft CMP Skimmer, 36” dia. metal discharge
pipe, Two 36’ dia, motor operated butterfly
valves

Inlet Invert Elevation

478.5 feet

Outlet Invert Elevation

472 feet

Emergency Spillway

75’ Broad Crested Weir (Elevation 490.0 feet)

Fly Ash Pond:

Upstream Slope

3(H)onl (V)

Downstream Slope

3(H)on 1 (V)

Elevation, Top of Embankment

492.7 to 494 feet (491.7 — Flow Line of

Emergency Spillway)
Elevation, Normal Pool 485 feet
Area 79 acres
Freeboard, Normal Pool 7.7 feet
Liner 60 MIL HDPE from bottom to El. 491°
Outlet Works:
Structure Type Two submersible pumps discharge into 6” PVC

pipes, original construction included a 10 ft CMP
Skimmer that is currently not used

Inlet Invert Elevation

Pumps at El. 460 feet

Outlet Invert Elevation

Discharge into BA Pond at El. 491.3 feet

Emergency Spillway

50’ Broad Crested Weir (Elevation 491.7 feet)




SECTION 4

OPERATION ACTIVITIES

NORMAL OPERATION

The Fly Ash Pond receives flow from sluice water used to transport coal combustion fly ash.
The water is carried through a series of open ditches and eventually flows into a pond where
the ash is settled out. The Fly Ash Pond level is regulated by two submersible pumps that
discharge through two, six-inch diameter PVC pipes. The discharge from the Fly Ash Pond
flows into the Bottom Ash Pond.

The Bottom Ash Pond receives discharge from the Fly Ash Pond and flow from sluice water
used to transport coal combustion bottom ash. The Bottom Ash Pond also receives flow
from the Combined Drain Sump (CDS) which collects drainage from approximately 154
acres of the plant facility. The Bottom Ash Pond outfall structure consists of an 8-ft diameter
galvanized CMP skimmer and a 36-in diameter carbon steel pipe. Upstream, the 36-in
diameter pipe is upturned to an elevation of 478.5-ft and the invert elevation on the
downstream end is 472-ft. Two 36-in diameter motor operated butterfly valves are installed
within the pipe. The outfall discharges to a canal running along the west boundary of the
plant. A National Pollutant Discharge Elimination System (NPDES) permit is required at the
discharge of the Bottom Ash Pond.

INSTRUMENTATION MONITORING DATA

There is a staff gage mounted at the skimmer in the Bottom Ash Pond. The staff gage is
checked weekly to ensure that the reservoir level is at or below the standard operating level
of 485-feet. The Fly Ash Pond does not have a staff gage.

TYPES OF ASH POND EMBANKMENT INSPECTIONS

Weekly visual inspections are conducted at the ash pond embankment by plant operations
staff. The Ameren Missouri Dam Safety Group performs annual inspections with plant
operations. In addition, the Ameren Missouri Dam Safety Group may conduct unannounced
safety inspections. The following sections describe each type of inspection.

Pond water level elevations should be maintained in accordance with Table 1. At no time
should the water levels be above the minimum required 2.5 foot freeboard.

Weekly Inspection:
Weekly inspections are conducted by plant staff or support staff familiar with the ash pond

embankments. The weekly inspection consists of visually inspecting the crest and slopes of
the ash pond embankment to identify any new or changed conditions. Checklists are



completed and are made available to the Dam Safety Group for review. A recommended
inspection checklist for the weekly inspection is included in Appendix A.

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 Bottom Ash
Pond and Fly Ash Pond. Items inspected include the embankment crest, interior and exterior
slopes, downstream toe area, inlet/outlet works, and appurtenant structures. A recommended
inspection checklist for the annual inspection is included in Appendix A.

An inspection report is 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
activities occurring at the ash pond embankment is to be kept current by the Ameren
Missouri Dam Safety Group.

Special Inspection:

These inspections are conducted when extreme events which may impact stability (seismic
activity, severe flooding, etc.). 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 plant or dam safety staff, a special inspection will be
conducted. Responsibility for performance of special inspections will be evaluated based on
severity of the event. An annual inspection checklist (included in Appendix A) can be
utilized when conducting a special inspection.

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 inspection documentation, and interviews with plant personnel
to review their understanding of the required inspection procedure.

The inspection checklists are to be completed and filed for each inspection. Checklists for
inspections are located in Appendix A. Condition codes are given to each item listed on the
inspection checklist. The condition codes are defined below.

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

Examples: Whirlpools, piping situation, embankment slough extending through half
crest width, sinkhole in crest



IM - Item needing immediate maintenance to restore or ensure its safety or integrity.
Remediation should be completed within 1 month.

Examples: Sinkhole on downstream slopes, gate of valve failure

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

Examples: Crest rutting, rodent holes and animal burrows, tree growth on
embankment slope, minor downstream embankment slough

OB - Condition requires regular observation to ensure that the condition does not become
worse.

Examples: Minor seepage — No evidence of material movement
GC - Good Condition.
NE - No evidence of a problem.

NI - Not Inspected. Reason should be stated in comment.

10



SECTION 5

MAINTENANCE ACTIVITIES

Timely repairs are a must after problem areas have been identified. The Plant Engineer is to
specify the work by generating a Job Request (JR) and provide direction to correct items
noted in the operation and maintenance and engineering inspections. Prioritization of
maintenance JR’s should be reviewed with the Dam Safety Group to ensure proper emphasis
has been placed on the JR. Such items include mowing, seeding, tree and brush removal,
painting, replacing riprap, repairing fences and locks, clearing debris, etc. The maintenance
activities specified in the following sections are minimum requirements. Maintenance
activities should be documented. NOTE: NO alterations or repairs to structural elements
should be made without the approval of the Chief Dam Safety Engineer.

Ash Pond Stacking: Ash may be temporarily stacked up to an elevation of 15 feet above the
top levee elevation with the toe of the slope of the stacked ash a minimum of 125 feet from
the existing ash containment levee. The ash stack slope shall be a minimum 3 horizontal to 1
vertical. No perched water level above the crest of the perimeter embankment is permissible.

Debris: Remove all trash, logs and other debris that may obstruct flow from the outlet works.

Concrete Block and Rip Rap: Replace or level blocks and rip rap as needed to provide
adequate protection against erosion.

Vegetation Control:

(1) A good grass cover on the embankment should be maintained by seeding,
fertilizing and mulching areas that are refilled, barren, or thinly vegetated.
Seeding mixtures used for maintenance reseeding shall result in cover compatible
with adjacent cover.

(2) Grassed areas such as the embankment and areas beyond the embankment toe for
a distance of approximately 20 feet should be mowed at least twice annually,
where physically accessible.

(3) All eroded areas should be filled and compacted, reseeded, fertilized and mulched
to establish a thick erosion resistant cover.

(4) All trees and brush on the ash pond embankment should be removed to prevent
development of a root system that could provide seepage paths. Herbicides

utilized for tree and brush control are discussed in Appendix B.

(5) All brush and trees should be removed to a distance of approximately 20 feet
beyond the toe of the ash pond embankment, where physically accessible.

11



Animal Damage: Rodent holes should be filled with compacted clay dirt and reseeded. If
rodents become a nuisance, an effective rodent control program as approved by the Missouri
Department of Natural Resources District Wildlife Biologist should be implemented.

Concrete: Spalled and cracked areas on concrete structures should be patched to guard
against any further deterioration of the structure. Concrete construction joints should be

filled with a suitable joint filler, such as a bituminous sealant, to protect against weathering.

Drains: All drains and weep holes should be kept open and functional by cleaning them of
silt and debris.

Painting: All metal work, fencing, railing, etc. should be properly prepared and repainted as
necessary to protect against rusting.

Signs: All warning signs and staff gages should be maintained (repaired, painted, or
replaced) as needed.

12



SECTION 6

EMERGENCY CONDITIONS

If a condition arises where there is a possibility of ash pond embankment failure, the
following plan will be put into effect (Refs. Labadie Emergency Implementing Procedure LB
-EIP-DAMINT-16 and LB-EIP-NOTIFY-17).

(1) The pond level will be lowered by the outlet structure, and the area will be closely
monitored for changes in conditions. If the outlet structure should become
inoperable, supplemental pumps will be used to lower the level of the pond.

(2) The following agencies would be notified by Ameren concerning the status of the
ash pond embankment. These agencies will inform the public as to what action
would be taken. Ameren will do whatever possible to minimize damage at
downstream locations.

A. Franklin County Sheriff 636-583-2560
B. Franklin County Emergency Management 636-583-1679
C. MDNR -Dam Safety 573-368-2175
D. Army Corps of Engineers (St. Louis District) 314-331-8567
E. Ameren Chief Dam Safety Engineer 314-210-4356

13
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APPENDIX A
INSPECTION CHECKLISTS



Fly Ash Pond Page 1 of 2

Annual Inspection Checksheet Date
Inspector
Lake Level
Tem perature
Weather
Item Condition Comments
Code *
Obstruction
% Inlet Piping Supports
5
Leakage
o )
° =
g Outfall Condition
o]
'c Qutfall Gate
Other
Vertical & Horizontal
Alignment of Crest
Liner
|Seepage
-
S [Erosi
rosion
£
X
= Fencing
2
=
w
= Vegetation
)
]
w
Unusual Movement or
Cracking At or Beyond Toe|
Other

Condition Codes

4
EC = Emergency Condition. A serious dam safety condition exists that needs immediate action.
Egnergency measures implemented as instructed by Chief Dam Safety Engineer; pool draw down, work

IM = Item needing immediate maintenance to restore or ensure its safety or integrity. Remediation should
be completed within 1 month.

MM = 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 to ensure that the condition does not become worse.

GC = Good Codition.

NE = No evidence of a problem.

NI = Not Inspected. Reason should be stated in comment




Bottom Ash Pond B ' = Page20f2

Annual Inspection Checksheet Date
Inspector
Lake Level
Tem perature
Weather
Item Condition Comments
Code *
Obstruction
T Inlet Piping Supports
5
o Leakage
-]
s Qutfall Concrete Condition
@
E Outfall Valve
Other

Vertical & Horizontal
Alignment of Crest

Liner

|Seepage

|Erosion

Fencing

Earth Embankment

Vegetation

Unusual Movement or
Cracking At or Beyond Toe|

Other

‘Candition Codes

EL = Emergency Condition. A serious dam safety condition exists that needs immediate action.

IM = Item needing immediate maintenance to restore or ensure its safety or integrity. Remediation should

MM = ltem needing minor maintenance and/or repairs within the year. The safety or integrity of the item is

OB = Condition requires regular observation to ensure that the condition does not become worse.

GC = Good Codition.

NE = No evidence of a problem.

NI = Not Inspected. Reason should be stated in comment




Labadie Fly Ash Pond Page 1 of 2

Weekly Inspection Checksheet Date

Inspector

Lake Level

Tem perature

Weather

Item Condition Comments
Code *

Structure / Supports

OQutfall Condition

Other

Inlet / Outlet

Vertical & Horizontal
Alignment of Crest

Pond Liner

Seepage

|Erosion

Vegetation

Unusual Movement or
Cracking

Earth Embankment

Other

Condition Codes

4
EC = Emergency Condition. A serious dam safety condition exists that needs immediate action.
Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool draw down, work

sipppage, plant stoppage.

IM = Item needing immediate maintenance to restore or ensure its safety or integrity. Remediation should
be completed within 1 month.

MM = ltem 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 to ensure that the condition does not become worse.

GC = Good Codition.

NE = No evidence of a problem.

NI = Not Inspected. Reason should be stated in comment




Labadie Bottom Ash Pond ' T Page20f2

Weekly Inspection Checksheet Date

Inspector

Lake Level

Temperature

Weather

Item Condition Comments
Code *

Obstruction

|Structure / Supports

Leakage

Outfall Condition

Inlet and Outlet

Other

Vertical & Horizontal
Alignment of Crest

Seepage (known seepage
at SWC)

|Erosion

Vegetation

Unusual Movement or
Cracking

Other

Earth Embankment

Condition Codes

4
EC = Emergency Condition. A serious dam safety condition exists that needs immediate action.
Emergency measures implemented as instructed by Chief Dam Safety Engineer; pool draw down, work

sipppage, plant stoppage.

IM = Item needing immediate maintenance to restore or ensure its safety or integrity. Remediation should
be completed within 1 month.

MM = 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 to ensure that the condition does not become worse.

GC = Good Codition.

NE = No evidence of a problem.

NI = Not Inspected. Reason should be stated in comment




APPENDIX B

HERBICIDES



HERBICIDES

Site personnel should check with the Missouri Department of Natural Resources, Regional
Fisheries Biologist and the Regional Wildlife Biologist before using any herbicide. Read the
product label prior to use and follow the use directions and precautions accordingly.

On March 1, 1979 the U.S. Environmental Protection Agency (U.S.E.P.A.) halted the use of
the herbicide 2, 4, 5-T in parks and recreation areas. The use of silvex (2, 4, 5-TP) around
water has also been banned.

Some examples of approved herbicides are:

1) | Tordon RTU by DOW Chemical. (Can be obtained with blue dye.)
2) | WEEDONE 170 by Union Carbide

3) | WEEDONE, 2, 4-DP by Union Carbide

4) | A 1% to 2% solution of ROUNDUP

5) | Garlon by DOW Chemical

6) | Banvel by Sandoz

Your distributor may carry brand name herbicides other than those listed above. Be certain
that the product does not contain the ingredients 2, 4, 5-T or 2, 4, 5-TP. An example of an
| unacceptable product is ESTERON 2, 4, 5 by DOW Chemical.




APPENDIX C

SUPPLEMENTAL CALCULATIONS



GEN-ADM-3205 —~ Engineering Design Caiculations

Engtneermg De5|gn Calculatlons Form GEN FRM-ADM-3205.01
- (Calculattons Performed ByAmeren) “ R

Calculation Number: LB-CALC-000068
Plant / Station: Labadie Energy Center

Project Title & ID: Labadie Fly Ash and Bottom Ash Pond Emergency Spillway

Description: Calculate Peak Discharge and Size Emergency Spillway for Fly Ash and Bottom Ash Pond

Date: May 5, 2012 Rev.: 0
Calculation Performed by: Gene Campbell Company: Ameren Missouri
Independent Reviewer: Matt Balven Company: Ameren Missouri

Index:
Design Control Number (DCN) (If Applicable): LB-2012-DC-0005

Design Assumptions: See Calculation

List Formula{s): See Caiculation

Define Symbols: See Calculation

Define Units: See Calculation

Reference Material: See Calculation

Computer Generated Information: See Calcuiation

Calculation Performed By: DJ/VQ q G?W\%Q)m Date: & 5/ /2002

Srgna ure’
Independent Reviewer: W&\ j%\ Date: 5/ 7/ ZO/Z/
Signature
Supervisor: ??//fy’ / . Date: A g{
fgnature
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GEN-ADM-3205 — Engineering Design Calculations

Engineering Design Calculations Form Instructions
(Calculations Performed By Ameren)

(GEN-FRM-ADM3205-01)
Page 1 of 2

Section 1

Calculation No: Enter the unique calculation number as assigned by the Electronic
Document Management System (EDMS).

Plant: /dentify name of power plant / station.

Project Title & ID: Enter the project title or study title and Project ID (WQ) number that
calculation is associated with.

Description: Define the scope of the calculation, including the reason for the
calculation, description of constraints, and the design objectives.

Date: Provide the date the calculation was initiated.
Rev.: Provide current revision for the calculation.

Calculation Performed By / Company: [dentify who performed the calculation and the
name of the company for which they work.

Independent Reviewer / Company: Identify who was assighed to perform the
independent review of the calculation and associated documentation and the name of
the company for which they work.

Section 2
Index: Provide an index on the first page.
Design Assumptions: List design assumptions on the first page.

List Formulas: List any formulas that were used in the performance of the
calculation(s).

Define Symbols: List and define symbols used.
Define Units: List and define units used.

Design Basis Review: Perform a review of the existing design basis documentation. If
the design basis documentation does not exist or is inadequate, then address this per
GEN-ADM-3203, Design Basis. Ensure that the new design basis documentation is
filed and/or submitted to the Document Controf Administrator per GEN-ADM-2100,
Document Control. The Document Control Number (DCN) shall be recorded on the
Engineering Design Calculations Form — GEN-FRM-ADM3205-01.

Perform Calculations: Perform calculation; ensuring calculation is neat and legible.

Number Pages: Ensure that the pages are numbered in the proper order to align with
the above Index

Page 2 of 3 Rev 1 — December 1, 2010




GEN-ADM-3205 — Engineering Design Calculations

Engineering Design Calculations Form Instructions
(Calculations Performed By Ameren)

(GEN-FRM-ADM3205-01)
Page 2 of 2

Reference Material: /f applicable, include copies of reference material (codes,
standards, catalogs, other handwritten or computer calculations, other inputs to the
calculation, efc.).

Computer-Generated Information: If applicable, document the computer software
used, version number and any applicable certification for computer generated
calculations. Label copies of computer-generated information such as tables, graphs,
input and output data, etc., and include them at the end of the calculation.

Self-Check: When the calculation package is complete, the engineer performs a
self-check of the package. When the self-check is complete, submit the calculation
package to an Independent Reviewer.

Independent Review: Independent Reviewer checks the calculation package for
completeness, technical accuracy and compliance with applicable codes, laws and
regulations; industry standards; specific project requirements (including acceptable
margins of safety); Ameren standards and policies; and stated assumptions. Special,
intricate or unusual designs shall be checked in detail.

Reconcile and Review: /f necessary, the engineer reconciles the Independent
Reviewer’'s comments, revises the calculation package, and initials and dates the
revisions.

P.E. Seal: If required, the engineer provides or obtains a Professional Engineer’s Seal
on the package.

Section 3

Calculation Performed By / Date: Signature and date of the engineer who performed
the calculation.

Independent Reviewer / Date: Signature and date of the Independent Reviewer.

Supervisor / Date: Signature and date of the Supervisor. Supervisor Reviews to
ensure calculation has been prepared and processed in accordance with this
procedtire.

Page 3 of 3 Rev 1 — December 1, 2010




GEN-ADM-3205 — Engineering Design Calcutations

. Calculation Review Form — GEN-FRM-ADM3205-03
Date: May 5, 2012

Calculation Number: LB-CALC-000068 Revision: 0
Calculation Performed by: Gene Campbell , Company: Ameren Missouri
Independent Reviewer: Matt Balven Company: Ameren Missouri

/ Include stone Sia-z'n’q chart

Independent Reviewer: M 2. Mﬁ Date: 5/ /12

Signature

Page 1 of 1 Rev 1 - December 1, 2010




‘ ' PROJECT Fly Ash and Bottom Ash Pend Emergency Spillway
: / Dam Safety & NAME Gene Campbell DATE
W A mem” Hydro Engineering| e
m;: Ash and Bottom Ash Pond Emergency Spillway Design W.0. # 0A263

JLOCATION | abadie Energy Center

SHEET 1 OF 30

ijIv Ash Pond

Install an Emergency overﬂow Splllway on i
“the South West Corner of the Fly AshPond. "

Watershed Area = 79 Acres
‘Low Elevation = 492.70 ft. T A S
'Area of Pond at Overtopping = 62.4 Acres
-Design Flood = 100 yr. 24 hr. Storm
"CN =98 (WinTR-55 Limitation)

-t¢ = 0.1 hr (WinTR-55 Limitation)
"Assume no Discharge from Outfall
-Assume 14-cfs Sluice Water from Plant

-Try 50 Foot L.ong Broad Crested Emergency Splllway @ 491 70 ft
-which is 12" below the lowest spot of the existing levee.

-Peak Outflow = 44.68 cfs (WinTR-55) + 14 cfs (Plant Sluice) = 58.68 cfs
- A 50' Broad Crested Emergency Spillway will peak at 492.26 ft.

::—Recommend using a 50' Long Emergency Spillway with trafficable .




PROJECT Fly Ash and Bottom Ash Pond Emergency Spillway

é_‘ ’.-/-;‘ Dam Safety & NAME Gene Campbell DATE

7 A mem” Hydro Engineering| -

SUBJECT | abadie Fly Ash and Bottom Ash Pond Emergency Spillway Design W.0.# 0A263

LOCATION  |abadie Energy Center SHEET 2 OF%0Q
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WinTR-55 Current Data Description

--- Identification Data ---

User: G Campbell Date: 05/03/2012
Project: Labadie Spillway Units: English
SubTitle: Fly Ash Pond Areal Units: Acres
State: Migsouri

County: Franklin

Filename: G:\Hydro DamSafelLy\Dam Safety & Hydro Engineering\Labadie\Projects\0A263 Labadie Spillway\

--- Sub-Area Data ---

Name Description Reach Area{ac) RCN Tc

Total area: 79 [(ac)

--- Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 1¢-Yr 25-Y¥r 50-Yr 100-Yr 1-Yr
(in) (in) (in) (in) {in} (in) (in)
3.5 4.5 5.1 5.8 6.5 7.2 3.0
Storm Data Source: Franklin County, MO (NRCS)
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard:

WinTR-55, Version 1.00.0% Page 1 05/03/2012 10:43:05 AM




G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Misscuri
Storm Data

Rainfall Depth by Rainfall Return Period

2-¥Yr 5-Y¥r 10-Yr 25-Yr 50-Yr 100-Y¥r
(in) (in) {in) (in) {in} {in)
3.5 4.5 5.1 5.8 6.5 7.2
Storm Data Source: Franklin County, MO (NRCS)
Rainfall Distribution Type: Type II

Dimensicnless Unit Hydregraph: <standard:=

WinTR-55, Version 1.00.09 Page 1 05/03/2012
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PUET

G Campbell Labadie Spillway
Fly Ash Pond
Frankiin County, Misscuri

Watershed Peak Table

Sub-Area Peak Flow by Rainfall Return Period
or Reach ANALYSIS:
Identifier (cfs)
SUBAREAS
Fly ash 728.55
REACHES
ES 728.55
Down 44 .68
QUTLET 44 .68

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:43:05 AM
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G Campbell Labadie Spillway
Fly Ash pPond
Franklin County, Missouri

Hydrograph Peak/Peak Time Table

Sub-Area Peak Flow and Peak Time (hr) by Rainfall Returan Period
or Reach ANALYSIS:
Igentifier (cEs)
{hr)
SUBAREAS
Fly Ash 728.55
11.93
REACHES
ES 728.55
11.93
Down 44 68
12.75 -
OUTLET 44 .68

WinTR-55, Version 1.00.09 Page 1 0s5/03/2012 10:43:05 aM
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G Campbell Labadie Spillway
Fly aAsh Pond
Franklin County, Missouri

Structure Output Takle

Reach Peak Flow (PF), Storage Volume (SV), Stage {5TG)
Identifier by Rainfall Return Period
Structure

Identifier ANALYSIS:

Reach: ES

Weir : ES
50{ft}
PF (cEs) 44 .68
sV {(ac ft) 26.88
STG (£t) .45

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:43:05 AM




G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Missouri

Sub-Area Summary Table

Sub-Area
Description

Sub-Area  Drainage Time of Curve Receiving
Identifier Area Concentration Number Reach
(ac) {hr)
¥ly Ash 79.00 0.100 98 ES
Total Area: 79 (ac)

WinTR-55, Version 1.00.09 Page 1

05/03/2012

10:43:05 AM
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G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Missouri

Reach Summary Table

_ Receiving Reach Routing
Reach Reach Length Method
Identifier Identifier (£t)
ES outlet STRUCTURE (ES)

WinTR-53, Versien 1.00.09 Page 1 05/03/2012 10:43:06 AM




G Campbell Labadie Spillway
Fiy Ash Pond
Franklin County, Missouri

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted

Identifier/ Length Slope n Area Perimeter  Velccity
(ft) {(fr/fr) (sg ft) {ft) (ft/sec)

Fly Ash

User-provided

Time of Concentration

Travel
Time
(hr)

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:43:06 AM




G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Missouri

Sub-Area Land Use and Curve Number Details

Sub-Area Hydrologic
Identifier Land Use Soil
Group

Sub-Area
Area
(ac)

[L/ga

Curve
Number

Fly Ash CN directly entered by user -

Total Area / Weighted Curve Number

WinTR-55, Version :.00.09 Page 1

05/03/2012

10:43:06 BM
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G Campbell Labadie Spillway
Fly ash Pond
Franklin County, Missouri

Reach Channel Rating Details

Reach Reach Reach Friction Bottom Side
Identifier Length Manning's Slope Width Slope
(&) n (ft/ft) (ft)
ES (This reach is a structure: EF}
Reach End Top Friction
Identifier Stage Flow Area width Slope
(fr) {cfs} {sg ft) (ft) (ft/£t)
ES (This reach is a structure: ES}

WinTR-55, Version 1.00.09 Page 1 05/03/2012 106:43:06 AM
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G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Missouri
Structure Description - User Entered
Surface Height surface
Reach Area @ Above Area @ Pipe
Identifier Crest Crest Ht Above Diameter
(ac) (£t} (ac) {in)
ES
58.6 1 62 .4

WinTR-55, Version 1.00.09 Page 1

Head on Weir
Pipe Length
{fe} (fr}
50

05/03/2012 10:43:06 AM




G Campbell Labadie Spillway
Fly Ash Pond
Franklin County, Missouri

Structure Rating Details - Computed

Flows {cfs) @ Weir Length

Length #3
ft

\5 /30

Reach Pool
Idendifier Stage Storage Length #1 Length #2

{ft) {ac ft) 50ft fe

ES 0 0.00 0.000

0.5 29.78 49.497

1 60.50 140.000

2 124.80 395.980

5 340.50 1565.248

10 776.00 4427.189

20 1932.00 12521.981

WinTR-55, Version 1.00.09 Page 1

05/03/2012

10:43:06 AM




: ‘ ' PROJECT Fly Ash and Bottom Ash Pond Emergency Spiflway
é L Dam Safety & NAME Gene Campbell DATE

7 A mem” Hydro Engineering| . -
SUBJECT | apadie FTy Ash and Bottom Ash Pond Emergency Spillway Design W.0. # 0A263
LOCATION | gbadie Energy Center SHEET 1L,0F30

Install an Emergency Overﬂow Splllway on the South Slde of the Bottom -
‘Ash Pond. I

‘Watershed Area = 308 Acres

Low Elevation = 492.69 ft.

-Area of Pond at Overtopping = 123.5 Acres
Design Flood = 100 yr. 24 hr. Storm

-CN =98 (WinTR-55 Limitation)

“tc = 0.1 hr (WinTR-55 Limitation)

-Peak Discharge from Fly Ash Pond = 58.68 cfs
“Assume no Discharge from Outfall

“Assume 14-cfs Sluice Water from Plant
“Assume 50-cfs from PIant CDS

-Try 75 foot Long Broad Crested Emergency Splllway @ 490.00 ft

-Peak Outflow = 72.55 cfs (WinTR-55) + 14 cfs (Plant Sluice) + 50 cfs
(Plant CDS)+ 58.68 cfs (Fly Ash Pond) = 195.23 cfs

_ A75'Broad Crested Emergency Spillway will peak at 49095 ft. -

slopes.




PROJECT Fly Ash and Bottom Ash Pond Emergency Spillway

..'.S rf‘ - Dam Safety & NAME Gons Cammbal __
7 Ameren - = [
W.0. # 0A263

SUBJECT | ahadie Fly Ash and Bottom Ash Pond Emergency Spillway Design

LOCATION  |_abadie Energy Center

T
SHEET 2 oF 3D

usﬁ y’ 5ro~c' PﬂoPEszyw'
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WinTR-55 Current Data Description

--- Identification Data ---

User: G Campbell Date: 05/03/2012
Project: ZILabadie Spillway Units: English
SubTitle: Bottom Ash Pond Areal Units: Acres
State: Missouri

County: Franklin

Filename: G:\Hydro DamSafety\Dam Safety & Hydrc Engineering\Labadie\Projects\0A263_Labadie Spillway\

--- Sub-Area Data ---

Name Description Reach Areaf{ac) RCW Tc

Bottom Ash Pond ES 154 98 0.100

Total area: 154 (ac)

--- Storm Dbata --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-¥r 50-¥r 100-Yr i-Yr
(in) (im) {(in) (in) (in) {in) (in)
3.5 4.5 5.1 5.8 6.5 7.2 3.0
Steorm Data Source: ) Franklin County, MO (NRCS)
Rainfall Distribution Type: Type II

Dimensicnless Unit Hydregraph: <standards

WinTR-55, Versiom 1.00.09 page 1 05/03/2012  10:41:48 AM




G Campbell Labadie Spillway
Bottom Ash Pond
Franklin Ceounty, Missouri
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-¥r 10-¥r 25-¥r 50-Yr 100-Yr
{in) {(in) (in) {in) {in} (in)
3.5 4.5 5.1 5.8 6.5 7.2
Storm Data Scource: Franklin County, MC (NRCS)
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standards

WinTR-55, Version 1.00.09 Page 1 - 05/03/2012

‘lt)/ﬁtD

10:41:48 AM
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G Campbell Labadie Spillway

Bottom Ash Pond

Franklin County, Missouri
Watershed Peak Table

Sub-Area Peak Flow by Rainfall Return Period
or Reach ANALYSIS:
Identifier {cfs)
SUBAREAS

Bottom Ash 1420.22

REACHES

ES 1420.22
Down 72 .55

OUTLET 72.585

WinTR-55, Version 1.00.09

Page 1

05/03/2012

10:41:48 AM




G Campbell

Sub-Area

Identifier

Labadie Spiliway
Bottom Ash Pond

Franklin County,

Missouri

Hydrograph Peak/Peak Time Table

Peak Flow and Peak Time (hr) by Rainfall Return Pericd
or Reach ANALYSIS:

(cfs)
(hr}

SUBAREAS

Bottom Ash

REACHES
ES

Down

OUTLET

WinTR-55,

1429.22
11.93

1420.22
11.93

72.55
13.00

72.55

Version 1.00.09

Page

1

05/03/2012

10:41:48 AM
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G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Structure Cutput Table

Reach Peak Flow (PF), Storage Volume (SV)}, Stage (ST@)
Identifier by Rainfall Return Period
Structure

Identifier ANALYSIS:

Reach: ES
Weir : ES
75(ft)
bR (cfs) 72.55
8V {ac ft) 54 .80
STG (ft) .49

WinTR-55, Version 1.00.09 Page 1 05/03/2012  10:41:48 BM
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G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Sub-Area Summary Table

Sub-Area Drainage Time of Curve Receiving Sub-Area
Identifier Area Concentration Number Reach Degcription
{ac) (hr)
Bottom Ash 154 .00 0.100 98 ES Pond
Total Area: 154 (ac)

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:41:48 AM




G Campbell Labadie Spillway
Bottom Ash Pond
Franklin Ceounty, Missouri

Reach Summary Table

Receiving Reach Routing
Reach Reach Length Method
Identifier Identifier (£t)
ES Outlet STRUCTURE (ES)

WinTR-55, Version 1.00.09 Page 1

05/03/2012

A

10:41:48 AM
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G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity  Time
{fr} (Ft/ft) {sg £t) (£t} (ft/see) (hr)
Bottom Ash
User-provided g.100C
Time of Concentration 0.100C

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:41:48 AM




G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Sub-Area Land Use and Curve Number Details

Sub-Area Hydreologic
Identifier Land Use Soii
Group

Sub-Area
Area
(ac}

/o

Curve
Number

Bottom AshCN directly entered by user -

Total Area / Weighted Curve Number

WinTR-55, Version 1.00.09 Page 1

05/03/2012

10:41:48 AM




Bottom
wWidth
(ft)

Friction
Slope
(Et/fE)

G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri
Reach Channel Rating Details
Reach Reach Reach Friction
Identifier Length Manning's Slope
{ft) n (ft/ft)
BS {This reach is a structure: ES)
Reach End
Identifier Stage Flow Area
(££) {cts) (sq ft)
ES (This reach is a structure: ES)
WinTR-55, Version 1.00.09 Page 1

05/03/2012

10:41:48 AM
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1973

G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Structure Description - User Entered

Surface Height Surface
Reach Area @ Above Area @ Pipe Head on Welr
Identifier Crest Crest - Et Above Diameter Pipe Length
{ac) (£t} (ac) {in) {ft) {ft)
ES
111 2.69 123.5 75

WinTR-55, Version 1.00.09 Page 1 05/03/2012 10:41:48 AM




G Campbell Labadie Spillway
Bottom Ash Pond
Franklin County, Missouri

Structure Rating Details - Computed

Flows (cfs) @ Weilr Length

Length #3
ft

Reach Pool
Idendifier Stage Storage Length #1 Length #2

(fr) (ac ft) 75fc ft

ES o] 0.c0 0.000C

0.5 565.08 74,246

1 113.32 210.000C

2 231.29 593.970

= 613.09 2347.871

10 1342.34 6640.783

20 3149.37 18782.971

WinTR-55, WVersion 1.00.09 Page 1

05/03/2012

10:41:48 AM
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APPENDIX D

PROJECT DRAWINGS
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KEY TO BORING LOGS

Symbol  Description

KEY TO SOIL SYMBOLS

T (&) 1
Q%%C Crushed Limestone

SO
eSS

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

JXT Boring continues

® Moisture content (%)
A N-value from Standard
Penetration

Test, ASTM D-1586 (blows/ft)
SOIL SAMPLERS

ﬂ 2-in. O.D. Split-Spoon
I] 3-in. O.D. Shelby Tube
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 or occur between
samples.

Figure 2-0




File: 2010012488

ReITz & JENS, INC.

CONSULTING ENGINEERS

BORING LOG B-1

Ash Pond Stability
Labadie Power Plant

CLIENT: Ameren Missouri

LOCATION: N 990518.668 E 725765.215
ELEVATION: 467.7
DATE DRILLED: 6-21-10

DATUM: NAVDS88

@ SHEAR STRENGTH, tsf
—_ w
™ [=]
A
> gﬂ; EE QU/? .PP2 []SV3 STV
u =53 | EQ ' ' '
— 8 [ 23 22 STANDARD PENETRATION TEST
& > = § E ﬁ MATERIAL DESCRIPTION Gy ¢ | 8% | a N-VALUE (BLOWS PER LAST FOOT)
o =T = O Ll = Ead |2k
z 5 & E Z & 3 g 'f 2 iy ® MOISTURE CONTENT, %
sl @ |2l 3138 2585 |8E| O % FINES (PASSING #200 SIEVE)
o [ 2| 0 |6 a omex Sao PL | | LL
o4 L Fr-----—— ] 20 40 60
L pONG N 8" CRUSHED LIMESTONE, 1-1/2" clean
i woek o
78 Fill, gray-brown, very stiff, silty clay, dry, with 248|175 i
465 Z trace ash /
i Clayey SILT (ML), brown, moist, with very /
5 58| fine sand, fine roots and trace limonite 84.4 310 / |
S (AN A I I /
L SILT (ML), brownish gray, medium dense, /
92 - 902 [315f .
L 460 trace clay and very fine sand, soft, very moist : D
/
B Becoming clayey, stiff /
83 g eayey 0111 [383[4 .
10 1 Began mud rotary drilling at 10’ \
1 |
455 \
2l 89 Sandy SILT (SM), brown, fine grain, with fine 243 [280 \A ®
15— sand lenses, loose |
[ \
450 \\
I Becoming gray, and medium dense |
89 8 &y 446 |257[ A ®
20 —
445
2l 94 SAND (SP), gray, fine grain, trace silt and 6-12-13 &
25 lignite, dense \\
I |
|
I \\
440
IS Without silt |
gg| O 6-10-19
30
DRILLER: Terra Drill WATER LEVELS: DURING DRILLING 3 FEET
METHOD: HSA STRATIFICATION LINES ARE N__ BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic NS ACTOAL OHANGES 1A e AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): 88.6 GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett SAMPLES. PIEZOMETER:  INSTALLED AT __ FEET

Figure 2-1 Sheet 1 of 2




BORING LOG B-1

(™ 4§

CONSULTING ENGINEERS

REITZ & [ENS, INC.

O sv STV

SHEAR STRENGTH, tsf
m PP
2

==
-

[t
[
[
[
[
[

STANDARD PENETRATION TEST
A N-VALUE (BLOWS PER LAST FOOT)

% FINES (PASSING #200 SIEVE)

A QU2
® MOISTURE CONTENT, %

(@]

PL

B
o=

- 4-
L a-
- 4-
L a-
-r
o=

1HOIIM A9 LN3DYH3d
LN3LINOD 3dNLSION

'S3A ALITVYNO MO0d =ady
S3IHONI 9 43d SMO149
(40d) LHOIFM LINN AYA

|
[
-
I N
1

9-12-19
9-12-17

MATERIAL DESCRIPTION

, and tracg_5_6

Becoming fine to medium grain sand

coarse sand

Becoming dense

coarse grain sand, trace fine gravel

Boring terminated at 50'-0"

AY3INO0D3Y INIOH3d

-8 Becoming medium dense

67

IdAL ITdNVS

90T JIHdVYO

EREEAAR-ETR /N

NOILVAI3

Ash Pond Stability

(1334) H1d3a

8817¢T00T0C 34

Sheet 2 of 2

Figure 2-1




File: 2010012488

ReITz & JENS, INC.

CONSULTING ENGINEERS

BORING LOG PZ-1

Ash Pond Stability
Labadie Power Plant

CLIENT: Ameren Missouri

LOCATION: N 990578.486 E 725699.099
ELEVATION: 493.6
DATE DRILLED: 06-25-10

DATUM: NAVDS88

@ SHEAR STRENGTH, tsf
—_ w
™ [=]
% ESE EE AQU/? .PP2 []SV3 STV
u =53 | EQ ' ' '
— 8 [ 23 22 STANDARD PENETRATION TEST
& > = § E ﬁ MATERIAL DESCRIPTION Gy ¢ | 8% | a N-VALUE (BLOWS PER LAST FOOT)
L 8|52 lult a8 | Bt
z 5 & E Z & 3 2 'f 2 iy ® MOISTURE CONTENT, %
sl @ |2l 3138 2585 |8E| O % FINES (PASSING #200 SIEVE)
a [ 2| 0 |6 a omex Sao PL | | LL
o4 k| Fe- ] 20 40 60
L FILL, consisting mostly of bottom ash, layered
1 with sand, high plastic clay, silty clay and fly
. 67 ash, medium dense, dry 2-79 16.5
I ]
- 490 /
B 89 4-6-7 |17.0 A®
5 —]
i Becoming very dense
r 100 g Ve 6-22-32 | 14.6 . Y
— 485
B 89 12-22-21 | 16.9 [
10—
I Loo| Becoming dense, mois 211-17 272 o«
15
-4 <X _
i 100] CLAY (CH), gray, high plastic, with silt and 2-3-6 |23.8 f ®
20 1 / fine sand, stiff [
I % PZ-1, screened interval from 22'6" to 27'6"
— 470 Becoming gray-brown and dark grayish tan, I‘
s / 96| with silty clay, clayey silt and very fine sand 984 2397 ®
N l
I / |
n |
] / |
N |
] |
465 CLAY (CH, gray-brown, igh prastic, with |
i 100 / ( ‘ ), gray- rown, high plastic, wi 23.6 |24.0[ ®
30 — / variable silt content, stiff
|
DRILLER: Terra Drill WATER LEVELS: DURING DRILLING 33 FEET
METHOD: HSA/Mud Rotary STRATIFICATION LINES ARE N__ BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic NS ACTOAL OHANGES 1A e AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): 88.6 GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: 1P SAMPLES. PIEZOMETER:  INSTALLED AT __ FEET
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File: 2010012488

ReITz & JENS, INC.

CONSULTING ENGINEERS

BORING LOG PZ-2

Ash Pond Stability
Labadie Power Plant

CLIENT: Ameren Missouri

LOCATION: N 989158.946 E 722726.691
ELEVATION: 489.2
DATE DRILLED: 06-23-10

DATUM: NAVDS88

@ SHEAR STRENGTH, tsf
—_ w
™ [=]
> gmt . A QU2 W PP O sv STV
B S35 | g8 ! 7 2
— 8 ‘3 23 z HBJ STANDARD PENETRATION TEST
& z = § E ﬁ MATERIAL DESCRIPTION Gy ¢ | 8% | a N-VALUE (BLOWS PER LAST FOOT)
B8 |22 5l £ES | g
= | % |x| |3 & 2% | 28 | ® MOISTURE CONTENT, %
sl @ |2l 3138 2585 |8E| O % FINES (PASSING #200 SIEVE)
o [ 2| 0 |6 a omex So PL | | LL
o4  bed|l Fa- ] 20 40 60
i FILL, consisting of bottom ash, fly ash and 1
T 9y | trace coal, very dense, dry 18-50/5 |24.7 N L
485 94 12-28-40 | 14.7 o &
51
T Trace crushed limestone
4 100 10-18-20 | 15.2 | 7y
" 480 1001 FILL, brown, clayey silt, very stiff, moist | 4-6-8 |20.5 49
4 \\
| PZ-2, screened interval from 11'4" to 21'4" Y
i \
- \\
475 2 97| Becoming sandy silt, and gray and brown 109.5 |20.3 ? \
15— ) \
—4 SAND (SP), tan, fine grain, very dense Began \
1 mud rotary drilling at 15.5' \\
4 \
i \
—470 94 10-18-16 A
20—
L oes ool Sty SAND (S0, gray. fine grain, medium | 2c s |2pal | s le
| dense ’ /
25— ]
T /
i /
- /
4 /
i Becoming tan-brown, loose, very moist
- 460 100 s v 125 |30.1| 4 .
301
i \
- \
4 \
DRILLER: Terra Drill WATER LEVELS: DURING DRILLING _14.5 FEET
METHOD: HSA/Mud Rotary il?’é&'&i?é’!&'[“’éi AR ES N___ BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic ONLY: ACTUAL OHANGES MAY BE AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): 88.6 SEGSE:SL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett ’ PIEZOMETER: INSTALLED AT ___ FEET
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12 Total Effective Ed
C, tsf 0.033 0.049 T d
@, deg 22.2 30.5 1¥
Tan(g 0.41 0.59 gl b
7 ’ ]
E 0.8 — u >
BZusEnn Zaf
(75 » - } ~ ™~
3 7 RS ™
g //‘, = = N
n 0.4 == ‘;-Z—-. - = A X
1 17 > ~N /[ N \
Z [Py N \
7 py.d A
T =T VALY N\ \ \
== 71/ M A
" > \ \‘L [ \ \
P /14 ™ | \ \
L4 /1T N Y | \ |
0 1 11T \ I | |
0 0.4 0.8 1.2 1.6 2 2.4
Total Normal Stress, tsf
Effective Normal Stress, tsf — — —
6 Sample No. 1 2 3
Water Content, 314 314 314
5 __ | Dry Density, pcf 89.3 89.3 89.3
.8 | Saturation, 96.5 96.5 96.5
' | Void Ratio 0.8733 0.8733 0.8733
G 4 3 Diameter, in. 2.85 2.85 2.85
g Height, in. 5.82 5.82 5.82
= Water Content, 32.2 31.9 31.7
no3 + | Dry Density, pcf 89.8 902 905
% A Saturation, 100.0 100.0 100.0
= 2 Void Ratio 0.8637 0.8549 0.8491
A 2 Diameter, in. 285 286 287
Height, in. 5.81 5.75 5.68
/ Strain rate, %/min. 0.05 0.05 0.05
11 , | Back Pressure, tsf 3.96 432 5.04
/ 1 Cell Pressure, tsf 4.18 4.90 5.98
0 Fail. Stress, tsf 0.37 0.78 1.25
0 5 10 15 20 Total Pore Pr., tsf 4.08 459 5.46
Axial Strain, % Ult. Stress, tsf 3.88
Total Pore Pr., tsf 451
Type of Test: o, Failure, tsf 0.46 1.08 1.77
CU with Pore Pressures o, Failure, tsf 0.09 0.30 0.52
Sample Type: Shelby Tube Client: Ameren Missouri
Description: SILT (ML), brownish grey, sightly
clayey, traces of fine sand, highly laminated near|| Project: Ash Pond Stability
bottom of sample
Assumed Specific Gravity= 2.68 Source of Sample: B-1 Depth: 6
Remarks: Sample Number: ST-3
Proj. No.: 2010012488 Date: 6/25/2010
REITZ & [ENS, INC.
Figure2_4 CONSULTINES’ ENGINEERS

Tested By: K. Kocher

Checked By: J. Bertel
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Remarks:

Figure 2-5

Sample Number: 7
Proj. No.: 2010012488

Results
C, tsf 0.850
@, deg 0.0
Tan(q) 0.00
— 1
Q
— = ———
g = 1 /,/ \/ < q
(%)) A / N N A\
= pd AN AN
5 N AN \
5 /| / N
/ N 3
\ \
/ / \ \
\ \
[ \
| | \
| | | |
0 | | | |
0 0.5 1 15 2 25 3
Normal Stress, tsf
3 Sample No. 1 2 3
Water Content, 23.1 24.7 24.0
25 __ | Dry Density, pcf 98.8 97.8 98.7
.8 | Saturation, 89.2 93.2 924
€ | Void Ratio 0.6940 0.7109 0.6959
§7) 2 Diameter, in. 2.85 2.85 2.85
g EE== Height, in. 5.82 5.82 5.82
4 A= Water Content, 231 247 240
" 15 7 + | Dry Density, pcf 988 978 987
2 // @ | Saturation, 89.2 932 924
S / = Void Ratio 0.6940 0.7109 0.6959
3 1 Diameter, in. 2.85 2.85 2.85
II Height, in. 5.82 5.82 5.82
/ Strain rate, %/min. 0.83 0.83 0.83
0.5
/ Back Pressure, tsf 0.00 0.00 0.00
|
oﬂ Cell Pressure, tsf 0.36 0.72 1.08
0 5 10 15 20 | Fail. Stress, tsf 170 179 186
Axial Strain, % Ult. Stress, tsf
o, Failure, tsf 2.06 251 2.94
Type of Test: .
Unconsolidated Undrained o, Failure, tsf 0.36 0.72 1.08
Sample Type: Shelby Tube Client: Ameren Missouri
Description: Clay FILL (CH), dark gray and
grayish tan, silty clay, clayey silt and high Project: Ash Pond Stability
plasticity clay, with very fine sand and trace
Assumed Specific Gravity= 2.68 Source of Sample: PZ-1 Depth: 23.5

Date: 07-28-10

REITZ & JENS, INC.

CONSULTINES’ ENGINEERS

Tested By: J. David/J. Pruett




Remarks:

Figure 2-6

Sample Number: ST-5
Proj. No.: 2010012488

Date: 6/25/2010

15 Total Effective il T
C, tsf 0.001 0.022 L = ~
@, deg 27.2 33.2 A
Tan(@ 0.51 0.65 P i
7 1 =
é - 1 ‘/’— ’/—; ~
& T P ~
— // 4 h N
© >4 -~ N
2 ‘,’/ n A \\ N
9N o5 iD= —axVilRe N
// ~ /\ N \ N\
.4 A, N N - AY
gD =dl) / N AN ) \
P [/ \ \
P N TN \ y \
r / \ / \
Pd / \ /! | \
/' A) .' , \ A
(0]~ 1 L1 X I | | |
0 0.5 1 1.5 2 25
Total Normal Stress, tsf
Effective Normal Stress, tsf — — —
6 Sample No. 1 2 3
L 3 Water Content, 20.3 20.3 20.3
5 __ | Dry Density, pcf 1095 1095 109.5
.8 | Saturation, 103.0 103.0 103.0
'€ | Void Ratio 0.5274 05274 0.5274
G 4 Diameter, in. 2.85 2.85 2.85
g Height, in. 5.82 5.82 5.82
= Water Content, 19.6 19.6 19.4
no3 + | Dry Density, pcf 109.7 109.7 110.1
% 2 Saturation, 100.0 100.0 100.0
S = Void Ratio 0.5251 0.5251 0.5203
8 2 Diameter, in. 285 286 287
/ Height, in. 5.82 5.77 5.71
II Strain rate, %/min. 0.05 0.05 0.05
17 2 | Back Pressure, tsf 3.96 432 5.04
1 | Cell Pressure, tsf 4.25 4.97 6.05
0 Fail. Stress, tsf 0.48 1.02 1.70
0 5 10 15 20 Total Pore Pr., tsf 4.08 458 5.38
Axial Strain, % Ult. Stress, tsf 5.18
Total Pore Pr., tsf 412
Type of Test: o, Failure, tsf 0.65 141 2.37
CU with Pore Pressures o, Failure, tsf 0.17 0.39 0.67
Sample Type: Shelby Tube Client: Ameren Missouri
Description: Sandy silt FILL (SM), brown and
grey, with clay Project: Ash Pond Stability
Assumed Specific Gravity= 2.68 Source of Sample: PZ-2 Depth: 13.5

REITZ & JENS, INC.

CONSULTINES’ ENGINEERS

Tested By: K. Kocher

Checked By: J. Fouse




Symbol Description
KEY TO SOIL SYMBOLS

AVAWAY

m Organic Material
Clay
D904
LN Silty Clay to Clay
LA
Clayey Silt to Silty Clay
f i HEE
‘L1114l  Sandy Silt to Clayey Silt
Silty Sand to Sandy Silt

.
) .

2=r=1 T
f — 2. . s

Sand to Silty Sand

] = =" [
S QR W 1

Sand

Gravelly Sand to Sand

Notes:

LEGEND

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

fs = Skin Friction, tons/sq. ft.

Rf = Friction ratio (fs/qc) in %

u2 = Porewater Pressure, psi

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

Su = Calculated Undrained Shear
Strength, ksf

Phi = Friction Angle, degrees

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.

' 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.

% Bowles, Joseph E. (1996) Foundation Analysis and Design. McGraw-Hill. 5" ed. Page 180.

Figure 3-0




Classification by
Robertson 1986
Silty sand to sandy silt (7)

Gravelly sand to sand (10)

Depth [ft]

Silty sand to sandy silt (7)

Sand to silty sand (8)

Sand (9)

Sand to silty sand (8)

‘| sand (9)

u2

a1

Cone No: 4274

I NC. Tip area [cm2]: 10

EERS

REITz & JEN

CONSULTING E

Sleeve area [cm2]:

qc [T/Ht~2] fs [T/Ht~2] u2 [Ib/in~2] N60 [] Su(qc) [ksf]
0 100 200 300 O 0.5 1.0 1% 5 10 15 200 10 20 30 40 O 1 2 3 4
G | | L 1 1 1 1 1 1 1 1 1 1 1 1 - 1 1 1
f = I
at2405> || Eh i \
1 526.437-+> [ 1.869—> ypedie
518.001=> || | | 2485—> 80.00—> |
4487741 | | 2871— 60.61—1> /
31— 87.15—>
i 3299—> 61.33—>
3.p57—>
) 2bo2— —
2p57—> J
1 / - «‘}
\ J
| /
(
| \
| 1743— \
5. f TB06— 4957 1> |
1J702—> /
\ 129> /
1p29— /
i [
/ /
| /
| [
| K
R /
i \ 2061—> \
[ 2975—> 58.79—T> \
402.535> | 3518—> 71.11—7>
439.148> \ 4p39—> 82.60—> |
i 478.622—> ) 5.043—> 88.59—> \‘
533.4111> / 5/168—> 102.19—T> \
576.7791> [ 4938—> 109.11—> |
10.0——F——
15.
20.
T T T T I T T I T T I T T T T T T T T T T T T T
0 100 200 300 0 1 2 4 60 5 10 200 10 20 30 40 .20 30 40 50
qc [T/Ht~2] Rf [%] u2 [Ib/in~2] N60 [] Phi [degrees]
Location: Position: Ground level: Test no:
Labadie Power Plant X: 725910.99 ft, Y: 990746.00 ft 493.50 P-1
Project ID: Client: Date: Scale:
2010012488 Ameren Missouri 6/23/2010 1:28
Project: Page: Fig:
Ash Pond Stability Analysis 11 3-1
150 Boring terminated at 9.5' due to augers pulling out. File: P-1.cpd




Classification by
Robertson 1986

+ =1
“T=+1.1

qc [T/Ht~2]

fs [T/t72)

u2 [Ibfin~2]

NGO []

Su(qc) [ksf]

0

100

200 300 O 0.5

1.0 1

%0

5 10

15 200

10 20 30 40

o 1 2

Sandy silt to clayey silt (6)

-1

Py . .
Clayey silt to silty clay (5)
1

Depth [ft]

*H Sandy silt to clayey silt (6)

Silty clay to clay (4)

AN

I"H Clayey silt to silty clay (5)
1l

Clay (3) i

Clayey silt to silty clay (5)

Silty clay to clay (4)

Clayey silt to silty clay (5)

Silty clay to clay (4)

| Clay (3)

N
LY

~

Clayey silt to silty clay (5)

Clay (3)

R

[] Clayey silt to silty clay (5)

Nt

4] Sandy silt to clayey silt (6) h

Clay (3)

Silty clay to clay (4)

Clayey silt to silty clay (5)

3| sandy silt to clayey silt (6)

/_ Clayey silt to silty clay (5)
L1

20.

—

JANEEN N e N = A A e

Sand to silty sand (8)

"1 Silty sand to sandy silt (7)

Silty clay to clay (4) B

- »

| Sandy silt to clayey silt (6) R

25.

NN

[Jr23—>
B81—>
629—

Py

A

JAN

5.4

| 6.04

Clay (3)

' silty sand to sandy silt (7)

Silty clay to clay (4)

Clay (3) 1

Clayey silt to silty clay (5) 30

7.99

ol

Clay (3)

[

0 100 200
qc [T/Ht~2]

012
Rf [%]

4

60 5 10
u2 [I6/in~2]

200
N6

10 20 30 40
0[]

20 30 40 50
Phi [degrees]

u2

a1

Cone No: 4274

Tip area [cm2]: 10
Sleeve area [cm2]: 150

Location:

Labadie Power Plant

Position:

X: 726264.53 ft, Y: 991560.33 ft

Ground level:

492.78

Test no:

P-2

Project ID:

2010012488

Client:

Ameren Missouri

Date:
6/23/2010 1

Scale:
142

Project:

Ash Pond Stability Analysis

Page:

12

Fig:

3-2

File:

P-2.cpd




{ W 27,90 T2 fs [T/t~2) u2 [Ibfin~2] NGO [] Su(qc) [ksf]
Classification b 2799
assiication by 0 100 200 300 0 05 10 15 5 10 15 200 10 20 30 40 0 1 2 3 4
RObertson 1986 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
—_ e
= g )
ey
/ Clay (3) g \2074> |
o 752> J
1 1 / \\
///"/ ; )
2T Silty clay to clay (4) ( )
.'1-1'-'!.-_i. 4] Sand osity sand 8) (| L
e doyey I Y R
/Il/u : 35. )
///‘./(; Silty clay to clay (4) ¥
222 € = >
L1 Clayey silt to silty clay (5) > \
Silty clay to clay (4) -
—— | =
~
|
\ |
1 \ |
\ |
40. L /
- |
i \
*:] sand (9) ,\ < (
: ] | | \
1 ‘ S 50.20—> \
(\ N 50.68—> |
| \ /
\
\ =
Silty sand to sandy silt (7) 7
— raiy
Clay (3) / 1 +—
45, { S N
\\ I :7;’—1‘ N —
\
4| Silty sand to sandy silt (7) iy ) ) \/
. | f I
.| Sand to silty sand (8) /
| \ |
Sand (9) ] ) ) “
{ R - ( \
RS Gravelly sand to sand (10) (\ q “
50.
55.
60.
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To S VERDRUP AND PARCEL AND ASSOCIATES, [NCos _ — — Date..e.n NOVEMBER §5, . ... _19.65__
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L T T FINE TO MEDIUM ey | : g ooug |
©L sawp TR.CoaRsE 1Tl ! heo1m sato f'
b SAND AND SMALL L VERY FINE SAND. P i
g PORAVEL i ' g | 2857
. ~.." 30.0' . T , !
T TN e o Knie L Ia? BAE Hore DencE P03
! L ESAND TRoSMelVlo 43 BROWN AND GRAY o , N ) - ‘: 2.5¢
; 435 BROWN AND SRAY | MET FINE. TO ; C :GRAY VET FINE TO | |
o E RSN RE e | lcormsE SN 6-12 coarse sanp TRage B4
: : : 37 0% : T . :
i:_': N AND _b.B.G iMATTE _‘Q FRACE SH&LL!‘ GR&VEL | ga Q' SMALL GRAVEL H !)0'
g (S NEIOCOL !3“?"'2,4"?‘3 cay COARSE SAND TRACE & |
L . : . ' A : bl i i
o | MD gReANIC 400, E i shaveL TRe OO SR chEL fr_mfﬂ |
o o 43,00 iCUARSE sa :_____ : 43,0° QESCW fs-ﬁm? & 13,00
s T o lGRAY WET SMALL TO : GRAY METuERaT0 MED
A2 . - . BVL o4 LIMESTORE
T CRAYREDIBATO oy Fggﬁ_g?ﬁgg;: §§N3°°9.7.5 45409 FRACS., TRGMED .10 D=2=2 Het
{COARSE SAND TRACE : CRy FINE TO : : , gg; s:zmm 9&13 SSME? ,‘;,SL s ke.:m
420 'SMALL TO MEOIUM - . F i gm; ;fgfcgegg ME?:’” i |
el - ; : connsz SAND,SMALL 3.3 206 bk
L S 52400.. [T0 MEDIUM GRAVEL GRAY VET SM.TO H f L
- L : o
415 ;GRAY MEDIUM TO . 257 TRo Lmzsrom: : z. Rg,‘!g':’é’ér;‘;}'g%?ﬁf é -
. - . Betmd 3 AND TRoSM.GR Sk
i JCOARSE SAND TRACE’ Bedeb, .. RAGMENTS A ° ;
S I T & - R _ ELAY SEAMS | !
o e : BRAY WET FoTO COo4!
L FINE SAND,SMALL T0 | 35 BAND_TRSHoGRAVEL |
i rnguwu GRAVEL AND 3..3,.3] 6200 GRAY WET FINE 10,
¥ iLimcsTone fracs. j | i S S5 o SAND TReEMe
405 | - AR I ERAGSeS._ o
iGmw FINE TO -4..6‘,5_ ' GRAY YET SMALL TO
"'cnmsz a0 ?RAOE ' T rgﬁé’suﬁneggz%ng'
i Y. O R B AP S et




"FINE SAND,SMALL T0 i 35 : - ! C g RAY WET FoTO COo 4 s
, . } i BAND TRoSMoGRAVEL § .1 |
_ ’MED!UH BRAVEL.AND o | e by
e 3=3-3; i Hmdmd Y 62208 ggavsugg r;mgﬂm. SCaL I B
TiT M i L . b : - - = A T i H i
- iu ESTONE FRAGS. | | el aan | \ L e GRAVEL & LiNESTe | bge. N
405 | — 36| 84,0 ORAY yrr FNETO ERAGSWT._~ T A
e ™ bt s e e A B
. anR ‘ um m TRA ° T
¥ SE wun macs: s | | £ SA cE ; o 7 ,m‘-E T0 C0o SAND .
.AQ.O.. Esmu. 70 MED WGVLs . 77 169,5¢ ; - : mssmwa : C oy
]5_7_5 SNALL GRAVEL AND »3,.2'.,3 11..5g 1 .
'GRAY AND BROWN ! { : L s , fRAY WET SMALL To |- :
i i o : IMESTONE FRAGMENT ' : - {
305 |COARSE SAND TR. | : 40 | ;2’5 HEOIUM GRAVEL,TRa .
CMEDIUM TO FINE i f 32"2-3\ Leing 1o coamse |8
ISAND AND SMALL . ¢ s5p : |36 lyg.q  SMNO, LMESTONE |
. , : - GRAY WET FIN A
{ORAVEL 45e6; - BALETRSh, EVL.9.3_3 s L,FRACMENTS GRAY_ |3-3-4
: 1 _ Lo _f i CLAY SEAMS AND =" |
; s | {BROWN MEDIUM TO o ! ' o 185
i i {ORGANIC MATTER | VoL
385 ! c ! ;
: . i i OARSE SAND TRACE 14wt ; . '@5,5!" )
LN i l . '“LS-;'OGQ
_ 4 . . FENE SAND, LIME= : : ¢ RO
oo ! . 80 : ? 1.
: . _ -y STYONE FRAGMENTS ' A7 BROWN AND GRAY 1724
—3870—.‘ : B ‘ - ) !
o 579 g; 20" AND SMALL GRAVEL 34D % , (MET HEDIUM T0 - 3”2‘3%
‘BR#COSANDTR MED o — 8200 i
| 10 FINE SAND & 70 | 59 = . lcomss SAND mce‘ LI
_3rs salLcmaver .‘ E s g SR
L g | {LIMESTONE Fnaas.-.. E“i-
comss SAND TRACE , . ' go i 69 : T t?"a
H [ M : .
MEDIUM 1O FINE ‘5..8.. > | ! b ' 14 0w20t
'SAND, SMALL GRAVEL, 125 : B“Bh‘"? ? poqE
2 LIMESTONE FRABSS 87 |03.00 ° - S PP ; {
. T e e St : 1103.5% ' ;
.365. [GRAY ADN BROWN co, - ‘BR.Z _OR HP F 1e3 ] aZd_ | i
SAND_TRe HEDIUM & o g < §0PefRed SRaEdt \“\'-\f‘“‘““*“mﬂ ; ]3_3,_,5%
| TO FINE SAND AND P' i - ‘mts ONE. & DOLD= e | 63 S
7 ISMALL GRAVEL . | ' g3 1 {30?@5 BANDY) @ 3 g i | L L
N gf SToSLIGHTLY: ﬁ\ 0 7' ; ,\ _mjn_—_i;
360 - o i _,,._,,______._,,,/ i _g
R _ﬁtﬁ:maz_,' ‘ ,:} = o %.wsswms AND
'H.ENESTONE AND . ' tl..l?'?ES'TCD E & DOLD- : iPm-GM”E WITH :
355 ' N PARTINGS SoME A 114.79 t$m|.e PARTINGS AN
¥ i MITE (SOME N 14+ i ;
' pouemte | 5 s 13EL SANDSTORE FRACE SANDSTONE ‘
K : i
_ tmov) WITH S ALE!'//l o 3 ;
ARTINGS, SOME ;f@. e \@} -1 118
0 0 T : CAN T 1947 £
7 BanpsTone ¢ /< 12048% - e e —
. ' {;‘6\ - FCASTRG BLOWS = TNDICATE WUMBER OF . ol
: SEN BLOWS REQ U{RED TO DRIVE CASING ] . L R28,5
345 AN ONE FOOT, USING 350 LB.WEIGHT i
S e i {5 12502 |FALLING 24 INCHES, . _
. BORTNG  ADVAMCED Y, AUGER 710 15,0" BORING ADVANCED BY AUGER T0 14.,0% ¢ BORING ADVANCED &Y AUGEF?."fO i6a07
YSED 110* OF H X CASING. USED 10405' OF NX CASiNGe - USED 1033* OF KX CASING
WATER ENCOUNTERED AT 1530 ~ WATER LEVEL ENCOUNTERED AT 1440to =~ VATER ENCOUNTERED AT 1600t
. WATER LEVEL 15.0° ON COMPLETION, WATER LEVEL 17,0' BEFCRE PULLING CASo WATER LEVEL 1390' N GOMPLETEGH,
- . . WATER LEVEL 1400' AFTER PULLING CAS.
!% - INDICATES NO RECOVERY , INDIGATES 3 A - \T PENETR ¥
B shetbe Toee b=t = ANGN Béészeﬁzﬁgm MRS
[FIBURES (NSECOND HAND COLUAN SHOWN AS . - < ~C = SHELBY TUBE NUMBE
| FRACTIONS = Nmzmlon = NDe OF BLOWS (IN INS, - N : .
DEHOMTNATOR= PENETRATION (SN ms.)) INDICATES \ A = AMOUNT CORED {m INCHES ) .
ROCK CORE IR2CN . 0 1B = AMOUNT OF CORE RECOVERED {in mcn
, “5722~25-24/56 ox:
Clasgsifications are miade by visual inspect!on. 9/16-17-18-19/66 - , 9/14=15+16/68
Water levelg (WL). Figure indicates time of reading (hours) after com- Total Footage 368,4' .
" pletion of boring. Waier levels indicated are those observed when borings Foreman. HOUSE
.were made, oF as noted, Porosity of the soil strata, variations of ramfall site oreman._fo Jo | o
uze changes in these levels. . Classification b)*._,_-F_QREﬁAN____

topography, etc., é! 3
EADH Figures in m@é@ # column indicate number of blows requlred to drive " Sheet. - of

' 2” 0.D. sampling pipe REOERNY using 140-1b, weisht falling 30 lnchea.
b ' . p g pp 51X INCHES :
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TEST BORING REPORT
RAYNMOND

’ Tﬂ SVERDRUP AND PARCEL AND ASSOCIATES INCe,

D CONCRETE PILE COMPANY

GOW DIVISION

Date OCTOBER 26,
PROPOSED POWER PLANT

198466 Job No LB5747=1C _

Location of Borings LABADIE, HISSOUR(

ERaAG 3 ald s

. All borings are plotted to a scale of 1” == _8'_f1. nsing ELEVATIONS A3 FURNISHED ——as a fixed datum.
 Now— S5 No. .. 46 _ o a7
GROUND
3 GROUND SURFAGE _
SURFACE . GROUND
| AT ey, sso.a 001 (ELEY_d09.80 £ Qa0 SURFAGE
[DARK BROWM MOIST DARKYBRWE;‘ D‘EY i o
' SIETY JOPSOIL - 2.01_-21LIY. TGRSO m—-—ﬁ-f--ma—anﬂ— ELEVs 45703 06
'LToBR.DRY STYs Vo Je3=4 LTo BROWN DRY h o DAR!\ BROWN MOIST NS PSS-S
ﬂéﬁ ,_EASAND TRAGE GMY‘____ R -ﬁ'nﬂ_ 5|LTY cLAY ! g 15 5.0t 3|L1’Y TOPSOIL X 2.5
IDARK BROWN MO, 60" . ——6a0' TLT.BROWN DRY =5 o<t
S B - M*—*"" A .
CISILTY CLAY 1=2:2 2 ;; i T LT oBROWN DRY 2_3_6 g DEAL | R s
" ago | sl Be® o1y tRace cLay | > LTGBROUN HOIST  [2ototi, 6.5
% 0. LIGHT BROWN MOIST oo SUSR SO L1040t 24
; 2&-2-3 T ' CLAYEY SILT 3 3| . ps
: 'CLAYEY SILT g2.00 | LTCBROWN DRY VER12‘2'3; : 2aze3
TGRAY CLAYEY SILT ! ‘ B . - . : :
e 1=1=1! 14000 _ ; ’
7 'BROWN VARIOUS '. FUGE BILTY SAND 457 . 16,0 13:0
: COLORED MOIST Vo %3 . ’ ; : , o
‘FINE TO FINE SAND LToBROWN WET Vo | i L BRAY WET SILTY [q.a.
‘TRACE MEDIUM SAMD : ' AN TR, [INE SAND| ; 19,45 ' ﬁ
: 195 LT AN T
- —aa { LToBROWN WET FINEP~2~4 ) " VERY FINE SAND -
JGRAY WET VERY Fms,‘z (SAND TRWVGFINE | | ! i
E {SAND TO MEDIUN | i - e
TO FINE SAND ! 24,00 |SAND & ORGMATTER) | 24,00 i
i 'BAOWN MED+T0 COa . {GRAY WET VERY £1NE3=4~4
: SARD TR <S8 LoRa vEL 2 =2=8 o | VET VE ?

S AND. ORGANIC MATIFR ~Z2a% [ sang TRLSILT AND | { Pt
|, {GRAY SILT VERY | ! | ! ; i 27,00
1 I PFENE SAND . 7 : ' ; 2 1}
rms SAND TRACE PR 30030 apouN AND 6 AV }
el o | R I
: rmz SAND : : LGRAY AND BROWN | .

: 33,01 ‘ }PEAVEL, SMALL 34"4"4*
! ‘ - (MET FINE TO cms; 30 {GRAY CLAY SEAMS - |
x 'GRAY WET MEDIUM TQgm i : 'AND ORGANIC i :
f q'a =6 : fsmn rn.smemml o 37400 iMATTER g 34,51
'COARSE SAND TRACE ! T GRAY FoT0 MED. _ |2m :
i i 1GRAY AND BROWN : jgéND ;R SOoSANDSP'M 1?‘ 365
430 FINE SAND AND WET FINE TO COARSE . . |
! 810 lsmn TRACE SM, . O=7=TH {GRoF4TO MEDoSAND 800
SMALL GRAVEL _ 42,0t GRAVEL AND Li¥Ew o AESLQ.SpUD LN,
M _ L o b4
'gR.‘gETRMED Tooce.| , STONE_FRAGHENTS B0 L IMESTONE FRRSEL 460
| 425 SAND TRoF oS AN '_~—~=v~»---1-45*°—— .‘ f "GRAY FINE[TOTMED. 42,50
o “l‘“,‘g ST’NE_"gRAGu - i [CRAY WET COARSE ,47=6 ; 1SHNG TRAGE GpARES] 2 :
! }«L._E__O_ i i ' ; : i SﬂND SM nGRAY‘-GLA
" : {SAND TRa MEDIUM | gsna of SMoORAVEL 12..10T ‘
: :GRAY WET MEOIUN T ' K : : ; ; 14
L 420 q : ! TO FINE SAND, sn.;6_3_3;§ IGRAY VET COAR :
Lo COARSE SAND TRACE g ' L =A% ARSE
P ; ’3 46 ! YO MEDIUM GRAVEL | ; Syn— =
: IFINE SAND AND : ; ' : SAND
:; ! A ARD LINESTONE i ' ases
D415 smaLL GRAVEL & : i LTRACE FINE SAND | -
" ; o FRAGMENTS TrE=%) i 30
; , - , : : {SMALL YO MEDIUR : :
- i [l N { - i’ i
| L i 2B saar L 36 ‘oraver, ano. (o787
410 IGRAY WET MED.TO - - T | X , o : !
ICOARSE SAND TRACE o, 4,.5; P 113-95'% ; ; LIMESTONE FRAGS. l 24
rFltNE EAND SH&LL : i ! ; L ! i :
[GRAVEL AND LINE= ! : N o . |
'smnc FRAGMENTS | | jgﬂ 63,5 L an | 635 ._M_,
S R I - %&ﬁsmma ?ou%nznsg 1o ! ; }
fGRA\' FINE DENSE A2 o ‘ bt b Lo =1 64,,
g 'SAND w/L{MES TONE .1 32 45 SAND TR.SMJBRAVEL! ]0 670" P =
B 'FRAGSO LAYERS . TR, . ] . ‘ LSis) G AY FINE SAND YR ?? L
WHITE SAMDSTONE . '- -\ GRAY WEY SILTY © 98 MED. SAND,COSSAND " ' T4




TR VL AN :

410 _IGRAY WET MED.TO P30 ' oo : D
] ICOARSE SAND TRACE 5_4umi <13-;9§_§ : , LIMESTONE FRAGS, ! :
'FINE SAWD, SHALL . . J ' r , i 4
IORAVEL AND LIME- i ; i : ' "
STGNE FRAGMENTS s 1 O 63 ' i : 258 635 \MS;
— T o s ‘ -
AY FINE DEN f2 i . - ‘ ; .
SAND 4/LIMES TONE 1 §‘§ . SAND_ TR .SM BRAVEL 10 67,01 0.0
'FRAGS o LAYERS . ?-R.i f 72 68,0t : g5 GRAY FINE SAND TR&},@»@ f
WHI TE SANDSTOME —5F o8 GRAY WET SILTY i o8 HED . SAND ,COSAND
400 FRAGS sASMaGVL, . /| | FINE TO MECTUM | % ORGANIC BATTER | . l a7
Batoe SAND TR.COo SAND 8-5*9 L 71,00 | 2 CBa
| " ; : (GRAY FINE Y0 €0u & ) f
IGRAY COARSE AND 4 ' 36 {GRAY WET COARSE ‘i 42 {SAND TR. SMALL . sugay!
; e , 45 [GRAVEL AND S
‘395 MEDIUM SAND TRACE . ;SAND TRoFINE 7O [, . 'LIMESTONE FRAGS, - 73,09
: i ! Iz ; - s B
FINE SAND, SMALL |meorud sano, coo | ° 'BROMN AND GRAY | BV
; | ; : 45 TFING TO MEDIUM jS-'% o :
[GRAVEL AND LIME~ {SAND, SMALL GRAVEL | 46 . TRs €04 SAND .20 127,00
STONE FRAGS . _— AND LIMESTONE i9-7'-6'% 'BROWN AND GRAY | g
? : . : .54 SAND TRACE FINE .is.3.4
40 ! P 5E SAND - :
i o i o ; i ! =
| 6-5-7 WET COPRSE SAND, | | EROWN AND GRAY ] | 57
’ L 51 , ) B COARSE T0 HEDIUM ’,41.5..,5
. : 52 TRACE FINE TO 56 'SAND TR.FoS 23 51 : :
300 | : 56 , GVLQ&__LIMESTD EFRa __| 87,0
e : MEDIUM SAND, SMALEE.B"B"S {BROYN MED (UM TO | 1 g
: : 5a GRAVEL AND : {COARSE SAND TRe | ! :
: : LIMES TONE rnAGNEhf 50 93,00 .Fo SAMD, SMALL 1, o o
; 42 g3 s e sy R v MEDIUM GRAVEL R
375 T T BROWN WET FINR TO! : !AND LEMESTONE -+ !
BROWN AND GRAY  poseg: COARSE SAND TR,SMy%5~5 ! FRAGMENTS : 175 94,00
: : 50 | GVLo& LIMESTONE FRy . 9750* B A
FINE T0 COARSE ! : 53 S : i Bt
. : 20 BROWN AND GRAY 459 ,GRAY AND BROWN i 13 :
370 SAND TR. SMALL 80 ) ; ! S
; . 89 DENSE FINE TO Gugw?, 5 HEDIUI‘-! TO COARSE . gy
JTAVEL D LS 38  MEDIUM SAND S SAND TRACE FINE o ol
; | : ; : 3 '
STONE FRAGMENTS :113 e e e o WBZ.. (108,5° : ~_2 3‘&6‘
11 - o - SAF\D ySMALL TO | ,
on GRAY DENSE FINE |71 | 95
B~7-83 ._ 4 MEDIUM GRAVEL TR ! | 72
TO MEDIUM SAND  } | gn | ! N P
; _ ws gy ! LIMESTONE FRAGS. | 1079
360 - SOME BOULDERS) | T 5 : ;25:
= - N N
T L L o R N
LisEsTone amn S : :Z , LIMESTONE, POROUS \E: !
N WiTH SAND ,
355_ SAMDY) SANDSTONE | “é%\ _ ‘—“":tLgazl“fI]MFﬁT}‘X*hﬁYﬁMTT;\\\\ T125¢
AND SHALE PARTINGS 416,00 LLIMESTONE 116508 | e
O 115 e ' RECOVERED 67 SAND ;
‘/’/,4 HOYE ~ BENY CASING, ASSUMED 70 BE & ORAVEL, 18"LINE ;
e A RESULT OF BOULDER OR STONE & DOLOMITE, | ]
356. F Y, N gi, BOULDERS PREVENTED CORE (SCME SANDY) . PR
iy Ry , BARREL FROM PASSING THROUGH  [SAND 3 GRAVEL mav/< = "i—
S Ll RELOL TO THE BOTTOM FOR THE PURPOSE | HAVE ENTERED HOL
N ML OF CORtNG THE ROCKe AT 107.9 &CAUSED,
_ TENGE : IROCK TO GRIND
M4 L - b N 124200 LAHAI e
TR L of 2rezm-20/08 9/24=26~27/66 9/19~20=-22/65

BORING ADVANCED 8Y AUGER YO 93.0¢
USED 10772 &F NX CASING.

WATER ENCOUNTERED AT 1390‘

WATER LEVEL o

BORING ADVANCED 8Y AUSER TO 14,00
BSEM-91079® OF NX CASING.
‘ WATER FNCOUNTERED AT 1400, .
‘oo MAFER LEVEL 15.0' oN CDNPLET'DNo
)

EORING ADVANCED BY AUCER T 18,00
SED 114*2" OF NX CASING.

WATER ENCOUNTERED AT 15-0' °

WATER LEVEL 15.5' ON. GOHPLETION

: INDEGATE iy A_~F: A = AMOUNT PENETRATED ‘ ec E )
cnsma GLOWS = (NDICATE NUMBER OF BLOWS  |SHELBY TUBE e G P AHOUNT RECOVERED (It INCHES)

; REQUIRED TD DRIVE CAS (NG G = SHELBY TUBE NLRBER

[ ONE,FOOT, USING 350 LB, \< ,

' WEIGHT FALLING 24 INCHES, |!NDICATE

; - ROCK CORE A= AMOUNT CORED {IN INCHES)
¥~ RPN CATES MO RECOVERY \ B =AMOUNT OF CORE RECOVERED {IN HNCH"-SJ

At SAMPLE OBTAINED '

- WS = INTICATES DEPTHS WASH SAMPLE OBTAINED
© " Classifications are made by visual Inzpection.
Water fevels {WL). Figure indicates time of resding (hours) aftcr com-

) Total Footage___. 3573
pletion of boring., Water levels indicated are those observed when borings %

o
vere made, or as noted. Porosity of the soil etrata, variations of rainfall, site Foret;nfm___‘_ﬁzd,g}i_ﬂhsﬁ = e
g graphy, ete. .na} caucze changes in these levels. - ~ Clagsification by FOREMAN
*”*,r\ures in Ké §{1;;rg§§ column indicate pumber of blows n,qulred m drive Sheet. 4 of 8

sampling pxpesﬁéfﬁ&é using 140-ib wcight.falhng 30 ioches.

\ )
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To_SVERDRUP AND PARGEL AND ASSOCIATES, TNC.,

TEST BORING REPORT
RANYIMOND

CONCRETE PILE COMPANY

' GOW DIVISION

Date NOVEMBER 1,

19598 job No.. £8-5247-KC

mssoum

Location of Bonnga LABAD%

_ PROPOSED_POWER PLANY _

~ All borings are ploued to a ecale of 17 ==

; 4
/

8! ¢, using. ELEVATIONS AS FURN{SMED

—_as a fixed datam.

Now_ 48 Now_ . 88 _ No 50
GROUND
__SURFACE .. GROUND
: : : - CASING SURFACE
GROUND CASING BLOWS
470 . _SURFACE. - BLO ' 008
; . [E%.BR“ﬁglg“ﬁ $1Y., T ,‘é}rg_\f;gﬂ;ﬁ‘ £.0
IW ~—0a ly F, SANDY_TOPS. ST i_uhsn',,gv,,°;g‘~’p5”°___ﬂ:{m__é_hg_ﬁ
- ops .Tﬂsg.Fs.SD¥ "oy 2,00 515 58 DARE BTV 2-'2*2 | 3.5 .LTe BR. DRY SILTYE_zwai -
. ICTe8R. DRY SI1LTY 3w T 4.=s | VERY FINE SAND ! . 2.5
4651 [VERY FINE SAND r_kg,_a_ e 300 growy morsT R Wi 1
DARK BRCWN & GRAY 1.3-2 gaqu CLAYEY SILT Al s Sy ”!0“&’%’%0
MOIST SILTY CLAY W5y 7 366 . g.as -
: s i o — . =51 C{ [GHT BROWN
_A60 L1GHT DROWN DRY ~—=——1—5 B0 LiGHT BROWN DRY 5-6-7! 5 {MDIST VERY FINE
'SILT TRACE VERY 2u2- P : ISAND-& SILT
IF {NE SAND & CLAY -2 2 2- : SILTY VERY FINE g ! ;
! - { | : LT BROWN DRY
' BRLVARI COLORED . 2T "—%‘%} SAND | 3 | YoF « SAND TR.SILT
4%5 18R B b 3 L i . '& MEDIUM SAND 1400
| VoF o SAND TRS1LY ) 14,07 456, spr p——
" {BRAY WET SOFT 9-10g LT. BRWET FINE ! ] [ BROWN MCIST FINE : :
SILTY.CLAY , TO MED!UM SAND TRa 18,51 :
, ‘; S ' COARSE SANDA SMA%S:.ig_‘“"‘*" TR SAND WITH TRACE _
450, BROWN VARICOLORED ° GRAVEL o '
WERY FINE TO-FINE . GRe WET FINE TO | - FINE SAND & comsg 3_3
‘ SAND TRACE MEDIM 2agms MEDILM SAND,TR. 22..!'1' :
. U SAND COARSE SAND u/u.r,( 4-35 SAND
_'445 SAND LAYERS, & :
: BROWN FINE SAND : ; :
e 4-3-'-3‘ : :
] S LAYERS. - . % pu3ed
B=7-8. 27.0t GRAY WET VoFe SAND i : ‘ o7 po
: 2. TRACE ORGANIC f ;
" .440_ BROWN % GRAY WET MATYER. o 30,30 |GRAY & BROWN WEV | :
: FINE TO COARSE : i GRAY FINE 10 e ' '._4..5
SAND TRACE SMALL  goges: | COARSE SAND , TRACE MEDI#M TO COARSE 1 7
. GRAVEL,& ORGANIC : SMALL GRAVEL. . 23.0% :
MATTER 33,00 : SAND TRACE FINE !_ i
: - GRAY FINE TO } : : i
GRAY FINE MED] UM - Niaad SAND & SMALL s
TO COARSE SAND an3eg MEDEUM SAND TRACE - B : .
TRACE SMALL GRAVEL ‘ N : GRAVEL _ _ ' 3760
A30 oo ey el (40,00 . [GRAY WET VERY FINE : |
: GR+ FINE T0 COARSE ; l 15-135 T0'FeNE s,mo _154_ :
SAMD TR. SMALL TO 4m7=10 ‘ , ?? :
"MED+ GRAVEL,LIME=- GRAY FINE TO i | A2
STONE FRABS« CHERT, 4205° ! iGRAY m:‘r FINE T0
425_ GRAVEL / COARSE SAND YRACE | COARSE SAND TRACE ,
- : (9= SMALL GRAVEL, {5 _; ;
A=5e55 . ; SMALL GRAVEL, o LIMESTONE FRAGS o -19-;
. j : ' LIMESTONE FRAGS. L : ‘ 480"
A2 ' S5m0 ‘ 'SAME MORE DENSE ;14-;1§- :
GRAY FENE TO : L ! o :
MEDIUM COARSE SAND: \ L 2e :
. QR“CE SMALL YO | o ! . , 53,00
415 MEDIUM GRAVEL i : : : | : ; ;
LIMESTONE FRAGS., | . 22 [ 4-5-5! SIME LESS DE 477
CHERT GRAVEL, & 4-5-6 . i o4 =AM - DENSE :
DRGANIC MATTER | : U 5s . :
T : ! 36 j : , { . Z
= : ! I i El
: g - 13-3-5, e S 0.0
757 L | 27, sa or  GRAY WET FINE TO
‘ S ! S0 COARSE SAMD TRACE
405 : ' " " SMALL GRAVEL .
g | y 52 BRAY & BROWN FNE 5"5"5§ : LINESTONE FRAGSs
) 42 : lr , D oae % ORGANIC MATTER —=3-3.
f‘e ; g7.00 [0 toaRse SAND || 30 .! . -
- - g PR B A :




4

ly (MESTONE AND
DOLOMITE W/SHALE
PARTINGS (SOME  t

36 ' ) )
410 | ' 47 ; ‘3..3..5!
- ?-5—7 ’n — ]' «27-‘- A3 .08
o K . 28 T =153 ]
. ADS. ; ' T
3 BRAY & BROWN FINE 5*5“55 f
Bwd={2 e | my !
; 57.0v [0 COARSE SAND | ! gg :
’ i i — ""5’0 pem—— -4 1 -
400 b : R ;
400 BRAY MEDI M TO | 29 TRACE SMALL G AVEL!S_dhAE*
COARSE SAND TRACE Gu7=7- IMES TONE FRASS » ; ! 53 |
. FINE SAND, LIME= g : 14z
395 INE ’ ; gg . |
$TONE FRAGMENTS. - | o l ; ;
i ' i - 53
; | i L 61
390 : gg i ;
—_— t i | : . 9-18-—“
Tt : i
i 1-8§ : ; i § :2 83,0t
, : ! ; | {
385 —w4~ggﬂ—+iiiﬁl—ienoww MEDItM TO | :
BRs FINE TO MED. ; : ' ! :
COARSE SAND TRACE] ? i , COARSE SAND TRACE’
SMALL GRAVEL & L 66 87,00 .
380 | LIMESTONE FRAGSs 1~ 7""" 67 e SHALL TO MEDI UM 3 i
_ ;64
: BROWN MEDIUM TO ] ; | GRAVEL, & LIMESTows“-7“B§ 6
FuQ=0 ' .
} COARSE SAND TRACE | i 7 [FRAG"E”TS ! ! a8
'_§Z§_WSMALL GRAVEL, % %@ : , | g
o ‘: : : i }
[LIMESTONE FRAGSs 7w=swB) ’ P ae
_ I : C 55 . 97.0 i i | 54
370 ¢ : HED ; | !
70 BROWN WET COARSE 56 i ureg
{SAND TRACE MED. Befl=g: | i A
. : ‘ P57 : ' ' s 40300
‘355 (SAND, SMALL TO L &9 ;anoww MEDI M YO 54~4~5; ;
: - ! COARSE SAND TRACE {4 ;
MEDIR GRAVEL, o SMALL TO MEDIW {52 )
GRAVEL, AND . ‘GRAUEL L{MESTONE ; LT
= oweer r P e IFRAGMENTS, AND - 1 L 57
360 LIHESTONE FRAGSs w§ 73 FINE BROWN SAND | .
T 75 ; 7 g
i 1713 ' g2
- G2
}N_.-_Iig:cgy._

%l KES TUNE KND

T

DOLOMITE (SOME K\‘

_ [
?ANDY) SomE m"mhjiﬂhﬁL__;ANDY) WITH SHALE /;. : 203
'SANDS TONE {PoROLSY! B pART[NGq e ?‘

- : . BANDSTONE. fozig.m_~“_125¢3L_
e NN 1252 1 NN

‘ . RABE
Lghﬁ"Jn»x" . ﬁmksisiﬁé 13030

BSED 116'3% OF MY CASING,
WATER FNCOUNTCRED AV 16,07 .
WATER LEVEL 1640 ON COMPLETION.

USED 11174" OF NX CASING. |
WATER ENCOUNTERED AT 16.0',
WATER LEVEL 18.G° ON COMPLETION,

- ST REGTRALE?

. &0 .08
T Faae =N
‘BRAY WET FINE TO
COARSE SAND TRACE
SMALL - GRAVEL,
LlHESTLNE FRAGS 4
SROANIC MATTER 33
!
2m2-3]
533 .
* P27
.
; : i 8400
BHOWN & GRAY WEY | !
FINE TO CCARSE 3-2ag i
SAND YRACE SMALL
TBRAVEL LiMESTONE .
FRAGS&ORGANIC MATT, N BO.0
LT.BROWN LIMESTONE 15+ 4~ _
" LAYER OR LEDGE , o1
BROWN & GRAY WET |
HEDILM TO COARSE
AND, TRACE FINE
SARD, SMALL GRAVEL:
LINESTONE FRACS o dmded |
_& ORGANIC MATTER :
: e T
i et
i ' : . -
{ ) : 483 .58
BRGHN % GRAY FINE ¢ :
T0 MEDIM SAND 4o .
TRACE COARSE SAND ;
—_ o 30B.%
BR. COARSE SAND & ; ;
SMALL RRAVEL'TR, . 387 |
STLT,LIMESTONE FRo ; 99240
LIMES TONE AND 944,78
DOLOMI YE {SOME
SANDY )WITH SHALE
" PARTINGS.
i_ t 247"

NOTE = LOW 4 OF RECOVERY DU ¥4
CORED PIFCE OF BFAY CASING
LODGING §M CORE BERREL.
{ex coze? :

USED 192Y OF NX CASENG

UATER EMCOURTERED AT 13 oU*

WATER LEVEL 18,0° OGN CURPLITION.

% -~ IRDICAVES KD REDC ovr /Y.

N s WASH SAMPLE (08%Y2
igﬁlCA?E (”4 ”lqg"j) FRDICAYES & \1 '
SHELBY TUBE ¢ - SHELBY TUBE NUMBER InpiCATES (;),1
Clzssifications are made by vizual irspzction. NN

Water levels (WL) Figure Indicates time of resding (houre) afier come
pletion of boring. Water levels indicated are those observed when boring
¥, or a8 o otn‘ Porosity of the soil strate, varistions of rainisil, fslt(.

cauce changes io thess fevels
“sad colemn indicate number of Blows
; a.n-:m':z*:r:«e:: img 140-1b. weight f.aﬁirg; a
SI% IHCHES

Tot

juired to drive
e

kS ;-L.—o!a;;a-EBGoZ‘,"’_...
Eoreman,_felalOUSE

Slagsification by O3
Sheet_ ¥ .. of

&
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SVERDRUP AND PARCEL AND ASSOQCIATES [NC.

TEST BORING REPORT

RAYNMOND
CONCRETE PILE COMPANY
GOW DIVISION

Date__NOVEMAFR 2,

Location of Borings__LASADIE, MISSOLR|

PROPOSED POWER PLANY

19866 _Job Ne.CB=5247=KG

All borings are plotied to a ecale of 17 = __8' _f1, using ELEVATI ONS. AS_FURNISHED —as a fixed datum,
Ne. . _._S3___ . No.___ Boo 52
GROUND
—. SWFACE
Ve .
_ CAS ING GROUND
A70_ ELEV. 469 .0 BLOWS o v SIRFACE
;DK. 89. MD. SH.TY i
VeF o SANDY TOPS. | 2.5 /" CASING
R S S S BLOWS
bx. BROWN MOIST | ; ]étﬁifjﬁﬁ?fi 1nes# f E“Ef
465 LT V Fe SAND :-_-1" '] L] a - ailt
TRACE CLAY.. "~_-ﬂ_11‘2“3. R DK <BR MO .CLY-TOPS 5 2.5¢
‘ LT. BRa SELTY pemess ‘
rLtGHT BROWN SILTY ! ; MERY.FINE.SAND. _{ L
| : CK. BROWN MO1ST |2=3~4
460. (VERY FINE SAND | ! SILT | :
32_3_4 : : ! ! T 5
; ! LT. BROWN VERY  |3-8=~ i
' ! FINE SAND TRACE 1o |
! : : Sy L1140
4. {BR. WET e TO 524 - 15.00 CGRAY WET SILTY  |2-2-3 é
FINE SAND . — - 16,50 : ET SIL
LY. BR, wET FINE _VERY FINE SAND
T0 MEDILM SAND TR, : | 2o
450 COARSE SAND 2‘3~5 _YRACE ORGANIC
DRGANIC MATTER L 2t .
: _ - MATTER |
“GRAY WET VERY
: 2-2-7
445 ;FINE TG FINE Getny A
{SAND : ToTE
. _ - L 28400 GRAY WET VERY C
. : [ 2wt :
A440.. .GRAY WET FINE 70 ° 0 FINM ]
10-13 FINETOFINE SADL | e
-MEDI UM SAND ;5 g
) s 33.00 GRAY WET FINE TO ! ] ;
GRAY WET VERY ; e W :
435 . FINE SAND TRACE COARSE SAND TRACE.
S!LT s 36,00 i
_SMALL GRAVEL }
'GRAY FINE TO . ;
{MEDI UM SAND TRACE: 3w
430.. |CCARSE SAND TRACE, ;
| SMALL GRAVEL 111 ;
e e L39.0%
i ; :
: ‘ 2415 :
425 |,, N B s 44,50 . GRAY MEDIW4 TO 14 i
i BR qL”“ESTnNE H lG“g_‘ 465407 ' :
"LEDGE OR LAYERS % i COARSE SAND TRAGE 5
LOF LIMESTONE £RAG ! i
.8R.FINE TO COARSE, " FINE SAND, CHERT |7=7-73% ;
(420 SAND TR.SMALL TO - : !
" MED LGRAVEL , & B33 "ROCK W/ SMALL l
LLIMESTOME FRAGSn___m_n_._,_ L5240 ; ;
. "LAYERS LIMESTON %
GRAY MEDIWM TO (LAYERS LINESTONE o |
415 . COARSE SAND TR, . | FRAGMEN ;
FINE SAMD, A ; 4-3-5  FRAGAENTS ;
SMALL GRAVEL 5 :
e 5B.0" ; E
t . h £~ :
_410. . GRAY MEDIUM TO |
' COARSE SAND TR. ;4—3~i )
FINE SAND,SMALL i



coo e N i g :
_410. - GRAY MEDILM TO ! - i
: ' COARSE SAND TR. @ 4~3- ! o
FINE SAND,SMALL | : 55
i TO MEDIUM SRAVEL, { '
& LIMESTONE 1 A Pun 2 :
_405_ . FRAGMENTS : ; :
B D333 . -5 :
; ' : ;
S L 218 g A
" GRAY MEDI UM TO ; FRCRY. > S
395 ,COARSE SAND TR. . ; :
P SMALL GRAVEL W/ ° 6-4-4 g |
* SMALL LAYERS ,GRAY , i a2 |
OWAY LT na :
' : ‘ G S
390 . GRAY COARSE SAND | i
. TR+, MEDIUM SAND ; 2=4md : 32 |
SMALL GRAVEL,% . ; 39 |
; LIMESTONE FRAGS. 43 : % ‘
i 35 : ; _
385 ‘ ﬁ f
Fededt el . 44 -
.29 L : a
: -y : ! - :
' b | P T=3 ;
3 T-5w2 K i gz |
R - v A9 1 LI !
. - jg o : i 3z . BS L8t
. BROWN & GRAY - ' TGRAY FINE MEDIUM |2-3-8 7
FINE SAND,SMELL 1010+ - M MED oGRAY 6 | 8800
© GRAVEL,LINESTONE 10, . _ (SUALL. TO.MEDS A~%————~i§ R
FRAGMENTS, & : 41 . K ‘ ot
L.  CHERT ROCK 43 ‘ BROWN COARSE SAND: 22~22%)
‘ : . 7 i
TuG=b% 39 g o TRACE FINE YO A3
. e i =g L97.00 ' T . 39
- 3 : O . " MEDIUM SAMD ;SMALL i
BROWN MEDY UM TO 42 2_3_3;; |
365, ‘ , R TO MEDIUM GRAVEL, a3
COARSE SAND TR, 912wy ' ) : : ;45 ;
; 6, 43 T AND LiMESTONE a3 |
FINE SAND,SMALL .48 co . i e
S 87 ' T FRAGMENTS | 258 :
360 TO MEDIUM GRAVEL, o P = & |
_ T-B=0 # g &
" AND LIMESTONE 68 . S ey g
: 73 : P . ; ¢
)  FRAGMENTS 73 : A et O !
385, . . : 1.1z HO8 79
10"6— ! l\\\ _.'\. :
13 ¥ ' LIMESTONE AND R i
49 4 .- ‘ 8y
‘ 49 . DOLOMETE {SANDY= [N~ [
350 63 : 5 SN a1
- 69 {NDICATES [ A = AMTLCORED SLIGHTLY POROUS),: ~ " .
73 ROCK GORE | Bum AMTLRECDS rom !
82 4q4.0' {ALL I WHITE FINE GRAIN-: Z7
T T e MRy INCHFS ) . g% 7o !
345 L ED SANOSTONE !
LIMESTONE AND £ | 56 ;
‘ L !
DOLOMITE {SOME o 123,3" QSANDY & POROWS TO ¢~ .
T 1178 1) oo g0
340 . SANDY) SOME “3g,
"33,
SANDSTONE SOME .« o . . 12648!
e L % = INDICATES NO RECOVWERY (X¥ LIMESTONE FRAGMENT INCREASED
- SHALE PARTINGS I.éﬁg WASH SAMPLE OBTAINED. BLOWS
T N CASING BLOWS = INDICATE NUMBER OF
v ‘ 8LOWS REQUIRED 10

OIS S (.J 31 I.G__.
NOTE - LDN z OF RFCQVERY FROM 118,3* TO

123.3' OUF TO CORE RETAINER |
LODGED IN BARREL.

DRIVE CASING, ONE

FOOT, USING 3501R.

WEIGHT FALLING 24

{NCHES » USED 106.7% OF HX CASING.
d WATER ENCOUNTERED AT 17.0%.
USED 118,0' OF HX JASING, WATER LEVEL 12.0° ON COMPLETION,
WATER ENCOUNTERED AT 16407

CHATER SEUEL RSB 30 BOBLEIO) T1 AEINE heoButst-

Water levels (WL). Figure indicates time of reading (hours) after com-
pletion of boring. Water levels indicated are those observed when borings
were made, or as noted., Porosity of the soil strata, variations of rainfall, site
topagraphy, etc., may caute changes in these levels.

FACHFigures inxﬁgg’;ng(ﬂmnnd column indlcate number of blows required to drive
z7 0.D. sampling pipe gggxfogt, using 140-Ib. weight falling 30 inches,

Total Footage____252a0°
Foreman_.______Aedo HOUSE
Classification by_ FOREMAN . _
Skeet__ 8 ___of .18



Z06.1-30 FADS T.57 TEST BORING REPORT

RAYMOND

CONCRETE PILE COMPANY

A DIVISION OF RAYMOND INTERNATIONAL INC.

To _SVERORUP. AND . Pmsst AND ASSOCIATES, INCey _ = Date_. . NQOVEMBER 9, 1966
Location of Borings _LABADIE, HISSGUR) — PROPOSED FOWER PLANT _
All borings are plotted to a scale of 17= _ft. using _ELEVATIONS AS FURN}SHED as a fixed datum.
Boring No.___53 Boring No.____ Boring No. ... 54 Boring No.
| GROUND
@ _ OSURFACE .
GROUND ‘
SURFACE . : :
470 ELEV. 480.0¢ F L9
: DK oGR oV oF SANDY ~ " — Do
ELEY, 468.1" 4 0407 LSILT, ToBs, |
pRowN SaDY 7 L g LTeBkaSILTY
SILY, TCPSCIL /| o e VoF o SAND 2733 400
465 | ERCWE FINE fo_od - RRWVeFe SANDY © .
PSILTY SAND . ST 4e00 _ SILT & STY.V, 1-2-3
| BRAFLSAND TR, : : FoSAND LAYERS | 7.0¢
iSIL] & ORCANIC P
L8R F JSANDY SILT. 22 7.0 LT.BROWN vofo | |
880 TR.SEY.CYaLERS 4 67 TO FINE SILTY [2~3-3
| SAND e, 1100
{BROWN FING SAND 1 ‘ ‘ @
i . { 1
DRY ; * ‘ LIGHT BROWN 4-7%!
455 | ;’*“’; . T
f | FINE SAND TRACE |
P T tA i
40 1-3-4 STeY )
'BROWN FINE TO : A R
! : ! . ‘ i
tMECIUM SaMD I _ GRAY WET L
! . | . :
H(wET S i FINE SAND -
445, (») C 2 5«-7 9
?-71-¢ I 4 [ 27,08
1 i GRAY FINE TO
440 |GRAY FINE JO | _
é D IMEDIUM SAND D=1
5] 1 |
MELI UM SAND r” T2 TRAGE COARSE | :
1
435 ] SAND W :
a2 e o
L ‘ M e
Fm7m " ' ﬁ
. e ] 37600 o GRAY FINE TO
430
BRAY FINE TO COARSE SAND mq“*ﬁ;}*
MEDIUM SANG 574, LIMESTONE FRAG«
- 5' 1
425 ISQ CO QSAND 1423__ OR SM, BOULDERa‘y-11_€
9
GRAY MEDIWM TO 4,6.%
i
420 iCOARSE SAND W/ oy
: o TERT 51.0¢
5 bmtfa . ' ;
[LIMESTONE BLORSY ™' G GRAY FINE TO
. 1
£15 & SHM.TQ_MED OG‘!L: ,ﬁ.j . 54'.5)._ COARSE SAND s
GRAY VERY FINE {143 .
i : AND SMALL ;
O FINE SAMD i
1 GRAVEL, 5
410 {TRACT SiLT ! .
l - o E 590 o B=7-9 61,0
ORAY EaNE. SAND. Lo s e o R ; ) o _




Pt I 2ANU

o
&10. TRACE ZiLT ! i
T ! 59.00

GRAY FINE SAMD }girch ooo5t
1 gy
[SMaGRAVEL LENS

395_.

375
70
365
360 .

Cis)]

USED 59.0% 0F NX CASING.

350
WATER ENCCUNTEPED AT 16,5',
HATER LEVEL 15.3' ON COMPLETION,

10/6/66
INDICATES - oM
A = AMOUNT CORED (IN INCHES)
ROCK CORE @ B = AMOUNT RECOVERED (IN INCHES)
yand

Classifications age made by visual inspection.

E
. i, - g . . . - ’ : - 17600
Water levels (W1). Figure indicates time of reading (hours) after completion of boring. Fotal Footage . 1I2eVL
Water levels indicated are those observed when borings were made, or as noted. Porosity
of the soil strata, variations of rainfall, site topography, etc., may cause changes in these

levels.

‘ACH Figures in right hand column indicate number of blows required to drive 27 O.D. samp-

ling pipe XM¥SOOSE using 140 Ib. weight falling 30 inches.
P StX INCHES & & &

]
IGRAVEL

&t 07

B Ba7s
GRAY FINE TO |
MED4 SAND LENS |

19-33-
lGF MEBIM TO i
ECO" SAND TRACE
SMALL GRAVEL i
3

t
1
|
GRAY FINE TO ]
|
COARSE SAND TR.|
|
|
i

69 ,0°

093

SMALL GRAVEL

BROWNFINE TO
MED . SAND SOME |
COARSE SAND TR
[LIMESTONE 1418~
GRAVEL :

|
1 78,00
|
|

83,0

GRAY FINE YO l
15-1
COARSE SAND TR.%
!
2=
.

SMALL GRAVEL |
10-]
I

!

o , ?1f5; 96407
BROWN AND GRAY |
FINE TO MED.

& COo SAND W/
5ANDSTONE AND
LIMESTONE AND
SHALL BOULDERS |

LI MES TONE u/so.?fﬁg
SOMFE_SOF PART&K%@
SR

'152-15-20
!

X

LIMESTONE AND &7\
DOLOMITE WITH '
SAND (MOSTLY
OROUS)

FI155¢

USED 705.0' OF MY CASING.
WATER LEVEL 16.0'- 16 HOURS AFTER COMPLET!Od,

10/10-12/66

FEGURES IN RIGHT HAND COLUMN SHOWN AS
FRACTIONS « MURERATOR = NO. OF BLOWS (iR $HOHES)
DENTRTRRTOR- PENETRATION (IN §HCHES)

Foreman  JAMES YURKER
Job No. (B=rza?=KC

Classtfication by FOREMAN
Sheet__7___of 18




To

Ao PAT

SUERDRHP ANG PAFCEL AND ASSOCIATES

TEST BORING REPORT

RANYMOND

CONCRETE PILE COMPENY

GOW DIVISION

Date_ NOVEMBER 4,

1966 Joh No,_0B=5247-KC

Locatmn of Borings._ [ABADIF, MISSQURI . _ . . _ .

All horings are plotted to a scale of 17 =

LATQ
465

435

450

440

423,
420
415,

410

No.._. 36
CROUND
_SURFACE . .. P
U 1 Lo
JE¥E¥ﬁ ) §TY Topsk I I
LTe BRs MOIST §TY i ,
L/ ciay Lend. . _|,2,.2‘,§m_3en
LIGHT BROWN MO« |, 5 4
LOQSE WaFa SAND i i— gg
] - b
'ﬁ‘ﬁ'ﬁ““bsﬁ WG }:2 2_3 R
CIGHT BROWN MCTST. Zhqgn
CLAYEY SILY g Pty BT P LN
TRACE VERY FIN _
P YOFINE ise7-8
LIGHT BROWN DRY 1 13.00
SILT VERY FINE f‘"“ g
SAND ~
A J AT T
BROWN WET FINE
SILTY SAND |
2~3=4
¥ 11 2
GRAY FINE SAND
11'3-11
SOME MEDY UM S 14
i
g-1 2=
; 11
!
! }
5 ]
e g,i19:q1 36,01
GRAY FINE TO i
' COARSE SAND FEW ;
5em |
SCATTERED SMALL 10
GRAVEL 1 43
GRAY FINE TO 9-11-
14!
I COARSE SAND WITH i
|
'LIMESTONE FRAGS .
| 7-8-
20 s2ane
{GRAY MEDIUM YO
7B
COARSE SAND 10
TRACE SMALL -

BRAVEL . o _laeZe11 €0

B _fi. usmg_LLE_\LMLDAS AS_FURNISHED ____ __ss a fixed datum.,
No. 37 Moo 3
H EROUND
SURFACE .
GRCOUND
SURFACE. o ELEVe 470,44 f L 00

ELEV, 468.9' Fooy o
DARK BROWN MOIST ! 1” 1.5

STY.TOPS.TR.STY,.

LT.BRMO. VoF.
[SAND YR. SILT. : i .
MOTTLED BR.&GR.NO,1r1—3! 6«0

CLAVEY-SILT— s ﬂ1 i
LIGHT BROWN MOIST <=1 44 8.0
'LODSE SLIGHTLY 1-1-1‘
[CLAYEY SILY ,234z 10.5
LT« HRe LOOSE V.Fe i
;SAND TR SILT oo -f. 13.0°
IBROWN & GRAY FINE 4=5=5
ND TRACE SILT
(SAND TRACE Ji___k R X
!GRAY VERY FINE - .
[T0 FINE SAND 53—4—6
{TRACE MEDIUM :
i P
E fmbim
i i12 .
H { : .o
; LN B - P 1)
'GRAY FINE TO 178 ;
MEDIUM SAND .
i i
7 wGuetl
; ‘
| ! ‘
TR P - -2 L
BRAY FINE SAND & B oynm
LIMEST NE LEDGE eyl
IR BOULDERS . | 2.} _az.0t .
IGRAY FINE SAND I
giggEECOLmsa_ 2204 _
— ' i 4740
{GRAY FINE TO |
COARSE SAND TRACE P=4rSi  «
SMALL GRAVEL 4o
FE -
l L
12un3- :
14"
a
e 5e6m5] 60451

LFINE SANDA CLAY /fy_ z—al 25t -

LY. RROWN MOIST |- | 7.0
PSILTY TOPSOFL | -
[LToBR. MDIST SILT 2h2~3
TTRACE CLAY % Vofa

1

I SAND
‘ kDo e
{MOTTLED BROWN & |~ 2415;
GRAY MCIST 1fw$3°5=
CLAYEY SILT 5
|
T LI
BR. & TR. GR.FINEi oo
FTO-MED=SAND—FRSTT - Ve
GRAY & BROWN ‘ i
i 4mBa7 !
SILTY FINE TO : !
4 .
MEDI LM SAN ; :
ED1 SAND :4-5-*8%
TR -8 L
GRAY FINE SAND 2
TRACE MEC UM ‘
1SAND AND ORGANIC 345!
«
SEAM 27 gt

LIGHT GRAY FINE TQ §
MEDE UM SAND TRACE
S1LT W/ SCATTERED 7'9;2
1 T 3
fMAhL GRAVEL“;"___F__ﬁwﬁiLQZQQL__
L1GHT GRAY VERY §
! i
FINE TO FINE 2235

1

et

SAND TRACE SILT e
e 37601
GRAY FINE TO MED. .
TRACE. COARSE .SAND : ,1"39aam_r

29-¢p4?.woob
GRAY FINE TO . z7 1 woTED
COARSE SAND & ; L
AND LIMESTONE - 5
ERAGHMENTS OR SMALL P
ROULBERS 22-23-

; 14 4,

ol

; i

72-10-

Pogl

| i

1 . _ls3ase




i TaBw |
| COARSE SAND $ 10 |
ETRACE SMALL Lo l
410 L
ORAVEL . laezeid eoust

USED 59,0 CF KX CASING,

WATFR ENCOINTERED AT 17.0%.
WATER CEVEL 14.5' ON COMPLETION,

o/27/66

3
i

21
e

|

i

USED 59.0% OF MNX CASING.

WATER ENCOUNTERED AT 17.6%.
WATER LEVEL

9/20-30/66
1¢/1/66

INDICATES R
SHELBY TUBE c

Classifications are made by visus! Inspzction.

Water levels (WL). Figure indicates tlme of reading (hours) after com-
pletion of boring Water fevels indicated are those observed when boerings
vwere made, or as noted. Poresity of the scil girata, variations of rainfall, site
topography, etc,, may cauce changes in these levels
EaCHFigures in right hand column indicate number of blows required 0 drive
2" 0.D, sampling pipe #tex2¢xy, using 140-1b. weight falling 30 inches,

S1¥Y I HCHES

i
BelmS 1 60,51

&

USED 26,07 OF 3 1/2% CASING.

WATER ENCOUNTERED AT 17,07,
WATER LEVEL 14,0% ON CGMPLETION,

9/26/56

A = AMOUNT PENETRATED (iN INCHES)
B - AMOUNT RECOVERED {IM TNCHES)
€ - SHELBY YUBE NUMBER

T4 .59
Total Footage_. ._1 e

JAMES TURNER
FORGMAN

Foreman
Classificativn by .
Sheet_ 8 _of 18




£06-1.30 PFADS 7.57 - TEST BORING REPORT

RAYMOND
CONCRETE PILE COMPANY

A DIVISION OF RAYMOND INTERNATIONAL INC.
To SVERDRUP AND PARCEL AND ASSOCIATES, INCey = Date. NOVEMBER 15, 1966_
‘Location of Borings_LABADIE, HISSOUR] Pnopossa _POVER PLANT

All borings are plotted to ascale of 17=__8' __ ft. using__E!-EVﬂT'ONS ASkEURN’SHED ﬁxed datum.
Boring No..__ 39 Boring No._______. Boring No._ 40 _ Boring No._ 4
+
75 GROUND : o
' _ SURFACE . : GR.OU’QD : gggg?:gE
ELEV.  471.1° . 0.0 SUREACE R
: ¢ oy . : - : s
70 . LT .BR.LOOSE V.. ! _ 5 ELEV; 470660 Aol
VoSILTY TOPSOIL. | 2.0° ELEV, 469,0° 4 = 0l0° ILTGBRODR\' LOOSE ;
LTaBR.LOOSE Vo 2-4=g BR.SILTY VERY . SILT TRLCLAY & | PoELo0
 Fo SANDY SILT i L ALS \ FINE SAND 2,50 'V .F «3AND 2__,‘.3 -
65 |MOTTLED BR.AND L 17252 35 uorrigp aR. & gezed 5o
GRAY SOFT VERY ?"g;f L8 y _ BROWN SILT | . 124 2 vy GRMOLLOOSE ,ﬁ 24,
ISILTY CLAY | 52T o s _, ot 3 IR TR MR vl
LToBR.LOCSE 3_‘:? : DK+BRGSILT q=i=p : QU'::T EROgN BRY  §_pg
v N~ ..'fBz*..QE_m_A)f_t1 ___8+0%LO0SE SILT TRe !~71
60 |2hkD MRsVelay . 1100 . BROWN CLAYEY | 2-% ‘ CL Y & VFOSANDL i 44 .p
LT+BR. MEDIUM - | SILT W/LAYER 11_1_., 10,50 W/STYGCLAY LERG. 7777
COMPACT V.F, {392 OF CLAY 2., ‘ Gebn]
SAND TRSILY & Ui.-,,,JAas'_ ' 4 4320:5" LIGHT GRAY V.F o:? i‘
. BROWN SILYTY  Suge : ;
55 |MOTTLED BROWN 4.g.q C i 5 10 Fo SAND TRe | |
AND GRAY FINE | | . o FINE SAND = . - GeTo
Lo , i 17 207 ORGANIE i 16 165t
so |SAND SILTY 3= 6-‘3‘{ st . BROWN FINE SAND | GRAY & BRe FiNEg.s.q
R DU ' TRACE MED. SSAND 3-4..7 TO fiEDo SAND i
GRAY FINE TO | | LTI FTTT _20.5%TRACE SILY R M
o GRAY FINE TQ | I
MEDLUM SAND ,: 5—§ . " i CRAY FINE sma : 5,5-,
45 ] ) i ‘ o MEDIUM SAND ! j
FEW COJSAND | . | S : 13 SOME MED UM
} | : i
ARD SMALL P : : 279008 TRACE SILT| -
40 |GRAVEL LENS ?-'g'g: GRAY MEDILY -8
P : Lo _ ;
i ; TO CO.SAND (73 i
; . : H 32 <0 34,55 i
. R . H ' L. ESea
N - *_?"49' 360! . GRAY FINE SAND | 152
' GRAY FINE TO :
SANE scngngan 13m0t TRACE SILT 228
SMALL GRAVEL i _ : ?ﬁcgzgg&cw ; COARSE SAND Wi
Kok, LB
s0 [GRAY FuTO HED. 44ugq , : g ! 385 SCATIERED ‘SMALL 7"9“0
SAND & LtMEST. | GRAY VERY ; GRAVEL - Lo
RRAGMENTS |1 a3.00 - 25-3% - };‘ 14z
R : {FINE SAND { 43200 SRAY FIRE O gy
GRAY FINE TO ! | =‘
5 P=7-12 i . ; COARSE SAND W/ '}-8-?3
a \GRAY FINE TO |
H - . *
coarse sap |- | IMED | UM SAND 9. W LlHES’i‘JR_AG%_ 47,0
b LIMES TONE ;54 A7 .00 Cod :
i , GVLSOME MEDa /| GRAY MEDIUM TO |
20 [TRACE SMALL 10 889 I T 8-9-»’:9
P IGRAY FINE TO ‘4_5?1 POARSE SAND SOHE |
; ] i " oo
MEDIUM GRAVEL © | [COARSE SAND, | FINE TRACE SMA.?
15 f-48 T SMALL TO LARGE | [0 MED & GRAVEL j4mdud
. i . 5 . | .
: lGRAVEL m, fim 3 .
i ; o
lo b o P26 (6045 : 'L_'_”ESTGNI GVlo Ba7wT! 5045
v : \[._ 7 4"'5"7 60050 .




‘ 6, 6045
a0 l.___“ e B 00007

USED 59.0° oF KX CASING.
WATER ENCOUNTERED AT 17.0%.

o/26/66

IND CATES

SHELSY TUBE TR

Classtfications are made by visual inspection.

Water levels (W1.). Figure indicates time of reading (hours} after completion of boring.

iF;.I?ES‘TGNI GVlo l ’ 5{;,,7_,74_;_ 5005
;L - - e

USED S54.00 oF 3 1/2% USED 5900 OF N¥ CASING.

CASING. WATER ENCOUNTERED AT 17.0%

WATER ENCOUNTERED AT 18.0% BORING CAVED AT 17.5%.
WATER LEVEL 14.0' ON
COMPLETION,

o/ 20-21/66 o/28/66

A = AMOUNT PENETRATED (iN wmgg)
3 - AMOUNT RECOVERED (i® INCHES
¢ - SHELBY TUBE NUMBER

Total Foorage 18%2% .

Water levels indicated are those observed when borings were made, or as noted. Porasity  Foreman ___ JAMES TURNER

of the soil strata, variations of rainfall, site topography, etc., may cause changes in these Jub No. [8-5247=%C

levels.

! A
TABH Figures in right hand column indicate number of blows required to drive 27 Q.D, samp- Classification by _FOREMAN

# ling pipcxgzﬁxffﬁ%ﬁéging 140 Ib. weight falling 30 inches.

Sheet 8. uof 18




Z0G-1-30 PADRS T7.357

To SVERDRUP AND PARCEL AND ASSCCIAYES
I.ocation of Borings LABADIE, MISSOURY

TEST BORING REPORT

RAYMOND

CONCRETE PILE COMPANY

A DIVISION OF RAYMOND INTERRATIONAL INC.

lNCng

Date__ HOVEMBER 9, 1966

PROPOSED POWER PLANT

All borings are plotted to a scale of 1”

- 475

470

405

450

420 .
415

i

as a fixed datum.

=_ 8% ft. using ELEVATIONS AS FURNISHED
Boring No.
i

|
|
!
|

B s S T

,

__zz,ﬁ_'__f -

Boring No. Boring No._ 20
i
' erOWND
SURFACE .. GROUND
) SURFARFE
//
ELEV.. 470.1% 4 . 0,00 . ,
BR.ORY STY.TOPS: | 4 5t ELEV, 460400 & 000
: e2ed 3" | BROWN DRY SILTY —— . __ 065"
LIGHT BROWN  1=2=3  .3.0'|ToPSOtL . .. _ \
DRY SILT I 2424 DK BROWN DRY 2e2:d. 30",
TRACE cLAY L 1,77 Se0TICLAYEY SILT. | "2l
e Y B 1 540" | LIGHT BROWN DRY-. 14 - 500
BROWN MOGCLYe , CLAYEYSILY D 2
SiLT TR-V.F tSD * ' e e 700'
~2=1 . _9+0".7GR.& BR. MOIST B 45"
LIGHT BROWN eRw 2 [SILTY CLAY  peteg %%
VERY FINE SAND |2, 411-0 Tt e
‘1‘§8' LIGHT BROWN DRY
. . 135"
VERY FINE SAND
LIGHT BROWN |
=5 TR« FINE SAND
MOIST VERY o p=2~8
FINE SAND |1 19,0
R MO oSTY oCLAY |
TRV SAND .. =14 21,00 20,00
GRAY WEY V.F. P~0—
GRAY WET SILTY [SAND TRACE SILT 22.0°
BR.WET Fo 10 \
FINE TO MEDs | MED. SAND TR.
s lcoaise sanp " L' 1 28400
SAND TR:CO.SANE o 277007 BROWN WET SILTY* 3
VERY FINE SAND
GRAY WET FINE 'éé-}Né-éﬁéaﬁntwpﬂuk
10 Mep1uM sanp P13% FINE TO MEOIWM |, 1
R.C0. SAND SAND YRe CO, P4
TR AND AND SAND,SM.GVLe &
¢ 1 SRoANTC MATTER 33.0'
SMALL GRAVEL -
p~9-A% GRAY AND BROWN |
Yo b 3740 MET COARSE SANDY T
TR« Fo TO MED,
GRAY WET FINE SAND & SMoGVlo | | 35 g0
Bl .
70 MEDIUM SAND P
. GRAY WET FINE PrB-O¥
TRACE COo SANE,
MEDIUM SAN
SMALL GRAVEL, boped 70 MEDIUM SAND ‘
, 5 oG
& LIMESTONE
FRACS » 1 g5 TRe COARSE SAND
GRAY FINE TO
‘COARSE SAND TR A0 50,0
SRWET S TLTY Vol 350
SILTO MEDLOVLe ¢ FINE SARD. T} 321 5145
LIMESTONE FRA} _$| 53,5 ‘
T = hRAY FINE TO
AME MQRE DENSLF-Q?U 0.SAND TRACE
i _S7.0% EMALL GRAVEL
.\JET CO. SA“D'
[TRWMED #SAND, S ., . 5843
Viok LIHEST-FR&Jpqg 6065% LirAy WET SM.TO souse

F0o GRAVEL TR.I3—1g—
04SAND & MEDw
5AND .

_Boring No.__ 21

¢ GROUXD
SURFACE
: '//
FLEV 469,08 42 unm
BRsM0aSTYTOPEL . [ Yol
BROWN BRY SILY.
- pofad i L
DKoBROWN MO1ST 2 o ‘
SILTY CLAY f_-mﬂ. g 3'
e e o
LT. BROUN DAPPEJ?“
SILY BT
2 I
BROWN MOIST VERY ST
. i
FINE SANDYSELT“'E’“ﬁjIRS“
ot 94650
P
GRAY WET VERY _{
i
FINE SAND TRAGH
SMALL CRCY.SHEhy | 2q.5t
GRAY SILTY VERYI=Z3
FINE SAND WiTH
TR+ ORGANIC MATY 2750
GRAY WET SILTY| ’
FINE TO MEDIUM |13
ISAND 1 3300
GRAY WEY FIN
£ D=t
f 3
TO COARSE SAND |
TRe SMoGRAVEL,
MED JGRAVEL, & O ogF
SMeGRAY CLAY x e
SEAMS A5alF
P95
SAME MORE DENSE
- o 48 ,3¢
GRAY WET FINE ’
TO COARSE SAND 7=1]g?
ITRACE SMoGRAVEL k
T;_R,“.Y. CLAY SEAMS)  l53.5¢
GRAY WET SMALL L
To MEDIU CRAVA] O
[TRACE HMEDILM YO
_Cq_.t_\RSE SAND ) 58459 .
GRAY WET BM. 10 ‘
[C0s8¥lo TRe GaTenl 60557

LIMESTONE FRAGY




RWWET CO. SAND; | | . TRACE HEDLLH 0|
TRMED(SAND, Skel | I I A - _ COARSE SAND | i 3g.3¢
410 GVLok LIMEST.FRE97-6]  60o5' Ay WET SM.TD ! GRAY WET €M, YOl _ [

£0, GRAVEL TR;33“1g- 605" CCol¥lo TR T
0eSAND & MEDS - ° ; ' 4+ [MESTONE FRAGS

SAND

USED S9.09 OF HX CASING. USED 59,0 OF NX CASING. - USED 52.0° OF NX CASIRNG o
WATER CNCOUNTERED AT 14,00, WATER ENCOUNTERED AT 14.0%. . WATER ENCOUNTERED AT 14.0%
WATER LEVEL 13.0' ON WATER LEVEL 12.0' OM COMPLETION. WATER ?EVEL 12.0° ON

P COMPLETIONS :

COMPLETHONS

b

o/7-8/66 i ' 9/8-9/66 9/6-7/66
| |
| | ‘
: }
% = INDIGATES ND REQOVERY
WASH SAMPLE OBTAINED. ;
FIGURES IN RIGHT HAND COLUMN SMOUN AS
FRACTION = NUMERATOR = NO. 0F BLOWS (IN INCHES)
DENGAINATOR-PENETRATION (IN INCHES)
iNDICATES [A -5 A = AMOUNT PENCTRATED {18 EneHES)
SHELBY TUBE | —’¢ _-%] B = AMOUNT REGOVERED (1N 1NCHES)
. C = SHELBY TUBE. NUMBER ,
Classifications are made by-visua[ inspection.
Water levels (WL). Figure indicates time of reading (hours) after completion of boring. Total Footage.__1B103%
Water levels indicated are those observed when borings were made, or as noted. Porosity  Foreman AcdHOUSE
of the soil strata, var?gxtions of rainfall, site topography, etc., may cause changes in these job No (R-5247=K0
levels. T
gACH Figures In right hand column indicate number of blows required to drive 27 O.D. samp- C[ass:f;c‘;\uon by FOREMAN
Sheet 3 of &

ling pipe &YX, using 140 Ib. weight falling 30 inches.
SIX INCHES
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AL e A

TolVERIRLP AND PARGEL AND ASSOCIATES INC.,

TEST BORING REPORT

RAYNMOND

CONCRETE PILE COMPANY
GOW DIVISION

Loc-ntmn of Borings__LABADIE, HISSOURS

Date  _NOVEMBER 9,

195 66 Igh Ng, CB-524-KC

PROPOSED POER PLANT.

415

All berings are plotted to a scale of 17 = ____ft usmg ELEVATIONS AS FURMS“ED

__ 6613

BORING ADVANCED BY AUGER TQ 25.0'.

flern Kn.6f NF DRI NG MUN.

Heen SA.A% ar 2 /90 pacann

No.__. 26 No.___ .27
GROUND
SURFACE - CROUND
Tttt SURFACE oo
470 Va. . 469,70 - 060 ELEVe  463,7¢ e 000
: i oRY Lo0SE SILT TRY ... .. 1408
DARK SBROWN VERY k CLAY ,
2udmd 3,00 T =3-2. .. _3.00..
FiINE SANDY SILT "2\? g/T WET OROWN SILT 2\\ ,éé”
A4S - — — — — {14 5.0 1 : 9 . Be0%
DARK BROWN CLAYEY . TRACE CLAY
SILT 1=3=3 : ] =2=3
R b b TeSt % 8,0°
DARK BROWN DAMP 1-2-3 G0t i ‘ ‘
& ND L T ! -
460 ISILT W/FoSaND EN{i::a é e GRAY a0 smown =4S
z
LIGHT BROWN DRY ;6-8;41 FINE TO MEDTUM
FINE SAND TRACE | ;
455 |SILT f L 15400 SAND W/SILTY CLAY bogoq2
. k e L
'LIGHT BROWN FINE | . szaws AND 2T0 3"
TO MEDIUM WET ~ 45=0; |
SAND TR. SILY AND, ; ;GE“? SEANS R 1940"
(430 IBLACK ORGANIC : 'GRAY FINE SAND Z=3=4
IMETTERs - 3ugmg 21407 IRACE SILT S 21,00
GR.F 4SAND TR.. S|L1____n__w_ 22a57 !GRAY FINE SAND
i ; s | '
e eas N it B
: M 26,5
MED1 UM SAND TRACE g;AY ssﬁgs 82;30) .2665Y
: 28 0% GRAY FINE T EDa i
SILT e e L ERAUT SAND TR. SILT 1 s
44D _ GRAY FINE TO PP
: 689 14
COARSE SAND SLIGHT ‘ BRAY FINE 10
TRACE ORGANIC COARSE SAND TRACE
A35_ '
SEAMS (1/8") 9=9-10 SMALL GRAVEL B-6-9
U -2 2
430 GRAY FINE T0 GRAY COARSE SAND
. b ! SH SBSTQBLDRS. -’ =
{COARSE SAND TRACE 0~ 15’ : [r.5M:508 '2—13 e 40451
M 42,40 -
SHALL GRAVEL . e GRAY COARSE SAND
{GRAY COARSE SAND : .
435 2912~ AND SMALL GRAVEL [I6-18
IAND SMALL GRAVEL /
: FEW BOULDERS
FEW BOULDERS -
420_ 2 S __.-j.g_'_'z_?; 50607
| . R 5200°
GRAY MED, TO ;
COARSE SAND AND 10744
QSMALL GRAVEL
&n. TRACE BOULDERS 6007

BORING ADVANCED BY AUGER TO 18.5%.

_ __n3g fBxed datum,

. ,‘.‘ e ;

DARK GRAY FINE 70u~5-5'

;COARSE SAND W/ ‘

_SMALL GRAVEL SOME ;
: 9=7-8
TMEDS U :
| |
: | 456
: E
! i
! 33ed;

EGRAY AND BROWN
gﬁgnlum TO COARSE |
[SaND THACE SMALL
GRAVEL

BORING ADVANCED 8Y AUGER T0O 13,57
HEEn Tn.At nr % 1/7% Raersn.

B2

Na. 29
GROUND
SURFACE . ooevy |
ELEVa 469,5% ﬁ/(f,‘, 0eG
BROWN SILT .
TOPSOIL . Rl
DARX BROWN SILY 3*2?2577_ 3.5°
TRACE CLAY Pl R '
DARK BROWN CLAYEY S22, /T—-7=°’
PSILT_ . L & =5 23 © 10
"GRAY FINE SILTY e 5%
* SAND 5o 0
i BROWN FINE TO ; }
;MED|UH SAND ~ET??1€_M_ 5.5
CBROWN AND GRAY Pl
FINE TO MEDIGY ~ 4=4-1(
' i
SAND TRACE COARSE. ,
SAND ey AL T3
l B
(GRAY AND BROWN |
FINE TO COARSE ‘
"SAND TRACE VERY S—ﬂiag
ESHALL GRAVEL 33,0¢

.



COARSE SAND AND "
SMALL GRAVEL

410. TRACE BOULDERS ~ 6-6-13 60,07

BORING ADVANCED BY AUGER TO 25.0%.
. USED 50.0% OF DRILLING MUD.
USED 54.0° OF 3 1/2" CASING,
USED DRILLING MUD FROM 55.0%

WATER ENCOUNTERED AT 16.5%.

TO 60.0%

BORING ADVANCED BY AUGER TO 18457,
USFD 2.0t oF 3 1/2% casime,

WATER ENCOUNYERED AT 17.0%
WATER LFVEL 16,0

! {SmG-g:
{MEDEUM TO COARSE | ;
ISAND THACE SMALL | [

1
'

GRAVEL Seamal 605

BORING ADVANCED BY AUGER T8 13.5%,
USED T9.0Y OF 3 /2% LASING,

WATER ENCOUHTERED AT 15.5'.
- 12 HOURS AFTER

COMPLETION

|
2
@ .
. 9/15-16/66 9/13=14/66 9/99/66
LNDJ CATES TOOB- g A~ AMOUNT PENETRAYED (I 1nCHCS)
SHELBY TUBE L. ¢ 3 B~ AMOUNT RECOVERED (IN NCHES)

Classiftcations are made by visesl Inspection.
Water levels (WL).
pletion of bhoring.
viere made, or as noted.
topography, elc., may caure chanres io thess Jevels

EACH I'igures in right hand celamn indlcate number of blows required to drive

Figure indicates time of reading (hours) siter com-
Water levels indicated are those observed when borings
Porasity of the soil strate, variations of rainiall, site

C ~ SHELBY TUBE NUMBELR

Tatal Footage.. 17057 .
Foreman___JAMES TURNER . .
Classification by _ FOREME: R
Sheet_ 12 ___of___. 18 . . ._

27 Q.. sampling pipe BERMMEXEX, using 140-1b. weight falling 30 ioches.

SIX INCHES
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Location of Borings

6. §-30 PADS 7-37

LABADLE,

MISSOURY

TEST BORING REPORT

RAYMOND

CONCRETE PILE COMPANY

A DIVISION OF RAYMOND INTERNATIONAL INC.

To SYERDRUP AND PARCEL AND ASSOCIATES Date_..

1966

NOVEMBER 11,

All borings are plotted to a scale of 17=

Bormg No.__10 .-
GROUND .
e SURFACE . ,
_470. ELEV. 470,0° QF 00,
BROWN MOIST l ‘ |
; S
VERY FINE o !
a5 Relod 7t
SANDY SILT E“/ T BaS
12w a
" . . Ny E
— ﬂﬁnk "\;\2 ,24 i
- — — — el
BROWN MOIST SESP
, - 3 aspr |
455 |SILTY VERY s
lrine sano | 1755
BS#2
_450. |BROWN WET FINE i
" RS- -
SAND TRACE SILT q2 i
OVERY FINE | i
—AAS. : :
_ SAKD ;
27.41%,
‘ BROUN & GRAY o
—A40. o , }
: FINE TO MEDIUM BS# 4
SAND TRACE | -
| .
435 |COARSE SAND & |
T ISMALLGRAVEL Lo . 36.07.
GRAY WET FINE :
TO 'COARSE SAND X
- 430} TRACE SMALL
GRAVEL & SMALL
GRAY CLAY SEAMS
- ' .0,
478 CRAY WET Vefe . )
: SAND TR.GILT * 7"’2'35#4
SALL OR-CLAY 13 o
; GRAY FINE TO | ES#S
" _apq |COARSE SAND TR,
“ISMALL GRAVEL 510",
GRAY WET
COMPACT V.F .
415 ISAND TRACE P6-8 4
SILT 17
e R . 5845
GRAY WET FINC _.5040".
~A310 lyo COARSE SAMD -
' TRAGE SMALL |
BRAVEL /
L4058 ' 8
| A00._

Boring No.

fr. using _ELEVATIONS AS FURNISHED

as a fixed datum.

-Boring No._11._____ Boring No.._12 .
» f '
GROUND ; . |
_ SURFACE . ... QROUND
e SUREACE -
ELEV, 467 &' _ »~ . 00" o
BROWN MO1ST L S0 V-1 %, L 4 0.0°
{SLLTY TOPSOLL - . DARK BROWN StLIY
C ! CLAYEY TOPSOIL 2.5
BIOWN MOIST  P=3-4 __ W SR
. ‘ BS A DARK BROWN WET 5;1
SILTY CLAY g ks
T e g et T BT e AYEY SILT TR §
LT« BROWN MDIS AN u-o.s.kan—-—_.f__,,_M—.-: 0%
S{LTY VERY FiNG BS 42 R
SAND TRACE FINE] BROWM SELTY - A
SAND a2 ns £2
A=S5€_ . |FINE SAND
LIGHT BROWN WET  [8s#3 dz.00
VERY FINE TO = BRWFINE SAND  fe2-3]
FINE SAND TRACH SEAMS GRAY CLY. !
MEDIUM SAND, S LT-SOME NED o 150"
SILY, AND SMALL ,
GRAY CLAYEY S .
{SEAMS GRAY FiNE SAND
1~3+2 '
. SOME MEDIUM  .Be7.8). ,
A TRACE SILT. . BS#3
- ] e b
GRAYTWET Fike ' B34
TO MEGIUM SAND | , ' '
TR.COARSE SAND | 29.0"
% SMALL GRAY r B0
CLAY SEAMS 85#4 L GHT CRAY VERY
GRAY WET ¥ IFINE TO FINE  goqodo
COMPACT VaF s SAND TRACE 18asda
ASAND TRWFINE SILT & ORGAMIC h
6 MEDIUM  ngepo MATTER Lo
SAND Nw%mﬁ_;am! '
GRAY WET FINE | ! 3707
. y Re ; % GRAY FIME TO
%gﬁﬁg,:i%kg;isg ' ts.‘.i??ﬂ'g’-"‘-EDlUM SAND a
i : z.olTRACE course =5~
VeFe SAND TRe |77 7% 11
iFINE TO MEDIUM , 4201
SAND =} - _
asds  [LIGHT CRAY FINEL
GRAY WET FINE - lSAND TRACE SILT s 45
TG COARSE SAND AND SOME MERI UM -
trace smaLL  [YS SAND P2
GRAVEL '
56.0'
LlCHT GRAY Fing| 1
i
SRR U -~ T TO MEDTUM SAND ?'13'
1
GRAY WET FINE LENQ OF MEDIUN { 1
\ P
T0 MEDS UM. SAND lBs;f? gro CGARSE SAND |
y { i
TRACE COARSE SRR | ,
R ! P sk




‘ VD gpagr TO HMEDIUM SAND D10
ADS 4 . : . v i S ; P9
¥ GRAY WET FINE | | Lews oF MEotuy |
i o !
T0 MEUI UM SAND l i8547  ITD CUARSE SAND ! {
1 N - 1 H
. ! iy : : H
400 , TRACE COARSE | ! : ]
‘ B . P i BSf6
SAND o . [ -
‘ ‘ ) : . | : ‘ 12138 7008 -
395 . : : o L1 730 a7 ;
: : GRAY WET FINE | i
TO HEDEUM SAND |
S :lZ? .25;5'
TRACE SILT /73
300.-
385~ USED 59.0' NX CASINM, HSED 7400 NX CASING. USED 20..0° 0F 2972 HRCH

CASING AND DRILLING MUD.
WATER ENCOUNTERED AT 14.0', : WATER FNCOUNTERED AT 11.5° . -
. : WATER LEVFL 17.0' ON COMPLLTICN, WATER ENCTONTERED AT 170
: WATER LVVEL 13.0" ON

COMPLETION .
l_ :
8/30/66 : . ofz/s6 ‘ o/24/66
BS~ INDICATES BAG SAMPLE CBTAINED
INDICATES TRy A= AMOUNT PENETRATED IN INCHES
SHELBY TURE el R— AMOUNT RECOVERED YN INCHES

£~ SHELBY TUBE NUMBER

Classifications are made by visual inspection. £
Water Jevels (WL). Figure indicates time of reading (hours) after completion of boring. Total Footage. . 204658 —
Water levels indicated are those ohserved when borings were made, or as noted. Porosity  Foreman Aale. BOUSE & [fAMES YHRMIR
?{ t!;c soil strata, variaticns of rainfall, site topography, etc., may cause changes in these Job No._(8=5247-KC

evels,

gacH Figures in }ight hand column indicate number of blows required to drive 27 0.D. samp- Classification by ECRINAY
ling pipe otxfee, using 140 1b. weight falling 30 inches. Sheer 13 of i8
S1X INCHES




To_SVERDRUP AND PARGEL AND ASSOCIATES, INCa,
Loratmn of Bormﬂ'siﬁﬂ&olﬁw H!SSDURI

TEST BORING REPORT

RAYNMOND

CONCRETE PILE COMPANY

GOW DIVISION

All bunngs are plotted to a scnle of I

o

470

465

460

440

435

430 .

425...

420
415

410

“lBRAY FINE TO MED

No._ _. 23

GROWND
SURFACE. _ . . . ...

ELEV. AT07T -
(L] -BRpYN DRY cu\v'

LTBROWN DRY SILT4.3.3
TRACE WERY FINE !
isano !

LDc( ER.UFY ‘:H_._T_Y E!f-l ~2n2!
{LT.BROWN DRY VoF, | 1-:
(SAND TRACE SILY |2w4=6]
'LT.BROWN DRY V.F.| i
SAND TRACE SILY | .
AND THIN CLAYEY | i
SILT SEAMS ! i
i
{LT.SROWN DRY VtRYi?-3-4j

“IFINE SAND TRACE ! i

_i}snr AND Fo SAND

SAME MORE DENSE

{GRAY VERY FINE
‘SAND TRACE SILY

t

|
_ . 5
GRAY WET FINE 10 | ;
1
{COARSE SAND TRACE ’
i
[SMALL GRAVEL
¢

0=
12

i
i
.
i
!
3
i

IGRAY WET FINE TO t
‘MEDIUH SAND TR .coﬂ“‘?;
SAND & smcuw sMS,

L

GRAY FINE TO 7-102,
IMEDIUM SAND TRACE
SMALL, CLAY SEAMS,

SMaGVLe &ORG.-.- HATI )

SANG TR.COGSAND,
S 0Y oSHMS & TRa

LIMESTONE FRAGS /
GRAY WET COSAND
ITRF oT0 MED e SAND
ism GRAVEL AND
LIKESTONE FRAR

G=86

.0L00
1.5

ER
237 .50
9.0%

T 14,0

18,0

2445"

27«51

48 5

54400

7% LA

60.5%_ .

{1. uaingELEHATlQNS (A3 FUBNLSHED _ ... .

==_ 81 {
Now_ 24
GROWND
SURFACE . ... "
,'/'
ELEV. 460400 2 0.0
DRY LOOSE BROWN | _
SILT _ i ) 5 :;:
RDYN VoF + SANDY Y
EILY. el SR 24
BROWN AND.GRAY .- 1.°%L 5.0°
SILT & V.Fo SAND 2epu3]  6.5¢
BR.AGRSILT TRoCYSI=3=3 |  B.0 .
BROWN SILTY 2a3md
FINE SAND *
U B - X
BR.& GR r.so\(_.snr" o 145"
BROWN FINE SAND - !
TRACE SILY : i
e e 11900
Fednb
GRAY FINE TO MED. '
SAND TR SILY AND . ;
ORGANIC MATERIAL :
4=78
‘GRAY FINE SAND
TRACE SILT AND
ORGANIC MATERIAL 8~137
[ 34400
GRAY FINE 10 10':3-
COARSE SAND
—_ 37400 .
GRAY MEDIUM TO
COARSE SAND TRACE ©
SMALL GRAVEL o A3.0t
GRAY FINE TO 2014
COARSE ;SAND_SOME :
_LIMESTONE FRAGS. 5] __4G.0' _
GRAY FINE TO
COARSE SAND TR, B8=7=8
SMALL GRAVEL
L B~y | BS.08
1

Date NOVEMBER 8: . 198 66 Job No.(8~5247~K(
-_PROPOSED POUER PLANT

—_a8a fxed datuua,

Moo &

GROUND

SURFACE.. . .
JELEV. 80950 4 gt
TsRown ORY Sty 1 0 B
ToPSCIL A
LT.BR.ORY VoF, 27273 3.5¢

SAND ASILT TR.OY.. | i
- DKoBR,ORY CLYSSILT]=R=2 . .3 S.3¢%

| LIGHT BROVW DRY 2a

| CLAYEY SILT i 24“ g«;i‘
{ m—— e —m e o —— O
TLT.BRWDRY SILTY ""‘“M .5

LVERY FINE SAND _ -~ |
[L7. BROWN DRY CL% i
SILT TR P .E“_“‘E_i.ﬁﬁ,-wiam

L1(‘HT BROWN DRY |
'CLAYEY SILY TRACE. 2--2-=2
"FINE SAND AND

_CRGAKIC MATTER oo 17
'GRAY WET CLAYEY —1“2_”? jgﬁ'
St . 200

e s;,ﬂm__.?.Zn
'GRAY WET SILTY
'VERY FINE SAND iz—-a«ag

N ]

S i e b L 28l
GRAY WET FINE T0
'MEDIUM SAND TRo  G=B-4.

‘C0o SAND, SMALL 1t -

(GVLeA °RG§,'!,“,’ MATR 33,00
‘GRAY WET FINE 10 . :
58"’10“’6%
MEDIUM SAND TRo g
[C0e SAND, SMALL |
(GRAY CLAY SEAMS 16=10-9
: : !
— . ; e 44,07

‘GRAY S“ALL TO HED&—C-S #
‘GRAVEL AND COSAND ;
4TR. MED . SAND AND - :

LIMESTONE FRAGS. i 43658

5e1 95

‘SAME MORE DENSE

6607
IGRAY FINE TO C0o
'SAHD TR SMALL

IGRAVEL AND LiMZe= :
[STONE FRAGHENTS.. .o |  6QeS?.



415

40

8~g= | 55.00_ . : ﬁ___;___s_ﬁ_aﬂg_._

BIRY AN} LI R L L [T
SAND TR,CO,SAND, | ! ;
SM LY oSMS e TR 2 L . 87..0% htamans K 11 S LT
LIBESTONE rﬁpssmff IGRAY FINE TO COo °
: JSAND | SAND TRe SHMALL
SRAF oy MEDL SAND 661 60t GRAVEL AND LEME= -;
[SMo GRAVEL AND ' ISTONE FRAGHENTIS oo 1 6Qs3%
ILIHESTONE FRARS o/
USED 59.0' Or NX CASING, BORING ADVANCED BY AUGERTO 25,08 USED 59.0% OF KX CASING.
WATER ENCOUNTERED AT 16,0 USED 26.0' OF 3 1/2" CASING g WATER ENCOUNTERED AT 13057
WATER LEVEL 14,0v 0N COMPLETION DRILLING MUDo WATER LEVEL 13.0' ON COMPLETION.

WITH CASING IN PLACE, WATER ENCOUNTERED AT 16,54

WATER LEVEL 15,0 ON COMPLETION
WiTH CASING REMOVED.

o -~ INDUCATES NO RECOVERY.
WASH SAMPLE CBYTAINED.

9/12-14/66 ' 9/12-13/66 9/9/86
[
4
INDiCATES A A = AMOUNT PENETRATED (IN INCHES)
SHELBY TUBE c B = AMOUNT RECOVERED (IN INGCHES)
C = SHELBY TUBE NUMBER

Cilassifications are made by visual Inapection.

Water levels (WL}, Vigure EanECz.ﬂt"rs ttme of readicg (hours; after €OM"  Tooal Footage 17660
pletion of boring. Water ueve_i.cs mdzc::ted. are those o'b-s?r»ed }th_n b?'rm.gs Foreman JAMES TURNER AND & oJoHOSE
were made, or as noted. Porosity of the soil strata. varisiions of rainfall, site o : -
topography, eic., may cauce changes in these fevels. Clasgiflication by o FOREMEN
EACHE jgures in right hand column indlcate oumber of pluws vequired ta drive Sheet. 19..__of__ 8.
27 0.D. sampling pipe WHUQSN0E, using 1401b. weight falling 30 iaches. .

S1X Y NCHES




Lfsesmewsoa TEST BORING REPORT
| RANYIMOND

CONCRETE PILE COMPANY
GOW DIVISION

To SVERDRUP_AND PARCEL AND ASSOCIATES, INCay Date_ NOVEMBER 8, 19866 Job No._ CB-5247=KC
Location of Borings _LABADIE, BISSOURY _PROPOSED POWER PLANT '
All bormgs are plotted to a scale of 1” = __8' _fi, using ELEVATIONS AS FURNISHED ___ __  asa fixed datum.
Mo __ ._13 — ' . No._._. 14 Mo 15
AT : GROUND
GROUND : ¢ _SURFACE _ ‘
SWRFACE ., , GROUND
‘ ' \ e , SURFACE
IV - By v e 7
TR DKBRAMOSTYSTOPSe ., TeO% topsorL . o T T V. 484l e
{BROWN MOST ‘ BROWN MOtST J.w__ 3,00, | DARK BROWN SILTY |
- : LLAYEY SILT .. - ¢ BS:H i [ CLAYEY TOPSOIL ! 3,00
_ "CLAYEY STLT 1222 5_gr 7 beqe2 Mkt ey e
460 S0t BROWN MCIST SILT LIGHT BROWN S1LTY: BS#1 |
T /?13 7.00 TRACE VF SAND | ; ;
" BROWN MOIST su.r i e:o" CAND CLAY. . _#__.r_h_m_;-.___._ 80 VERY FINE SAND
K " BROWN MOISTSILTY < - 940t LIGHT BROWN DAMP | | ‘;‘2"+ ‘ 2efwR
455 VERY FINE SAND 2411 , 85 . :
T o ~2, 5.0 STLTY VERY FINE e el
BROWN DENSE MOIST 6-6"8 i ol o ., RS &2 i ‘
M SAND e 135 mun_gy.r,nsunrﬂasz._“__#_gpzas'
: : : GRAY WET SILTY | B
450 SILTY FINE TO By , . i 2e5m S# 3,
: ‘ . VERY FINE SAND : GRAY WET LOOSE Sl M
. 85#1 ? |
MEDIUM SAND - . TRACE CLAY ; '
. i S e JTT AR5 g7y vERY FUNE '
a5 | L. ..-._Y . : ‘BS#3 . ’ . :
w2 BROWN WET FINE i $mamd
S S . . : . SAND TRACE .
; TO MEDEUM SAND . ; L E i
440 | Y e _ TRACE COARSE | >~%4 ORGANIC MATTER
; SAND S o
f : . ; voor , ' 28.0¢
435 | S _ ; : ' GRAY FINE
435 | _ 5-8-10 ' , . : 2ar | 10
e : ) MEDIUM SAND TRe |au
.‘EROWN a0 GRAY | B ‘ ] Ecc ase sanm =3
i : N . . A -
430 | I . BSf BROWN AND GRAY 8544 abiinadied 340
= 'FINE TO MEDIWM - | ; ‘ : A .I
! Lo FINE T0 MEDIUN , ]
ISAND TR.SMALL : st ~ | GRAY FINE TO .
- f ' : s .‘ BS#4
: | RAVEL £aD GRAY i SAND TRAGE COARSE, | rinSE SAND. FEW Y
EGAVELA Ay | f: ;coa £ SAND, FEW {o o g
i ' SAND, SMALL L »
a2q  |CLAY SEAMS ! : : : | SMALL TO LARGE -
E P GRAVEL AND ‘ -
, f____ B i _;_.,.,,__4;9..00'. - . Il L
. 415, GRAY DENSE su.w 20 ;223- = ORGANIC PATTER é %7_6_92
VERY FINE SAnD | @ BSF4 _ f ' i ;
, | SRS DS et Sda0 . :
4o [GRAY FINE TO MED. 1 i
SAND TRoCOOSAND, J. o .1 56e0% ;
. SMaGVLgBURNT B '
W0OD & SIET Y _ | :
i [GRAY FINE TO MFD. S : a2 d S omoew i




i 3 M i *
419 GRAY DENSE SHILTY (20 %'i- g URGANIC ‘ATFER _ i?-awg:
VERY FINE SAND . BS54 g ’ "
R S _"—y 54,00 : :
40 |GRAY FINE 7O MED. 1 ; !
5 SAND TR.COGSAND, | - _ ., 56e0% a !
SMBVLGBURNT ) i ; ‘
MOOD & SELT _ © BS#AS : l
. {GRAY FINC TO MED, a 12-9 60,50 |
405 ISAND TR.COWSAND, :33- Lt 6065 aaa ' 2= 2.. 5
'SMALL GRAVEL, . _ 212 8000 ;
(SILT AMD LIME- / v
iSTONE_FRAGS. /
USED 59.0° OF NY CASING. USED 50.0' OF NX CASINA, Ung? 2,00 OF DRILLING BUD AND
: 3 1/2% CaSInG.
WATER ENCOUNTERED AT 14,0 WATCR ERCOUNTERED AT 11.5°. WATER ENCOUNMTIRED AT 15.0°«
WATER LEVEL 13.5' ON CCMPLET{ON. WATER LEVEL 11.5' ON COMPLETION, WATER LEVEL 14.0° ON COMPLETION.
8/29-30/66 ‘ o/1~2/66 o/23/66
|
BS = INDI 'ATES BAG SAMPLE OBTAINED,
TND I CATE T A-gT A - AMOUMT PENETRATED (1N 1NGHZS)
SHELBY TUBE L’ € 77ad B o= AMOUNT RECOVERED (1IN EMNCHES)

C - SHELBY TUBE NUMBER

Clagsifications are ance by viausl Inzpection.

; Yx'a\'.cr‘ leve-i.n‘ (A5 \!A,\ Fi;,;lrure.im_!i(cj:}if:g; :’cgime otfhreudir:sg (hu:rs}hafte'; COM=  Torot Foptage. . 189009 o

nletien of boring. ‘ater levels indicated are those observed when borings . .

vere made, or as noted. Porosity of the soil strata, varintions af rainfall, site Forema r‘-**f““h OUSE AND. AMES. TURNZ
topozraphy, etc., msy caure Janges in those levels Claasification by .. . FOREMEN

EACH Figures in right hand column indicate number of blows required te drive Shest T4 . ___of 'f&__ e

z* 0.D, sampling pipe WGREMENE, using i40-ib. welght falling 30 inches.
S1X INCHES



To_SVERDRUP AND PARCEL AND ASSOCIATES, 1NC.,

TEST BORING REPORT

RAYIMOIND
CONCRETE PILE COMPANY
GOW DIVISION

Date NOVEMEIR 8,

19466 1ok N, C8-5247-K0

Locatmn of Borings_LABADIE, HISSOUR) _ °

%3

PR

QPOSED POWER PLANT

All bormgs are plotied to a scale of 17 =

470

485

Ac0

455

450

445

- 440 !

430

.Koo___16
GROUND
SURFACE .
v / |
FEEN o 45707 e 000"
FLIGHT BROWN { I
[DRY SILT L
K 'pe3ed
‘ | ;
| L 6,5
i | !
LLIGHT GRAY AND | g5 41
!LIGHT BROWN VERY |, . o
(FINE SANDY SILT
l Jrrrr—-
i BS 42
i i
a
A 195
TGRAY DAMP SILTY
FINE SAND B
GRAY WET FING BS#3
saND T ¥
R oo MY
(GRAY WET FINE TO | |
TMEDIUM SAND TRACE A
:COARSE SAND AND i \BS§4
sl onver |12
¢GRAY WET FINE : | i
i 1 BS#5
iSAND TR. SILY, | )
ICOARSE SAND AND | —
'SMALL GRAVEL _. 37,00
: ANG DROWN |
(GRAY AND DROW 10950
WET FINE TO MED, I
ISAND TRACE COARSE -
ISAND AND SMALL 35{5
; Y
‘GRAVEL !
: 5""5“9;-——--;,
e SR .. 52,5
GRAY FINE TO *
{COARSE SAND TRACE.
] RS#7
SMALL GRAVEL AND
i
SM.GR.CLAY SEAMS_ | ¢ 60,01 _

-8 {1, using EL ELEVAtlows _AS_FURNISNED _

.

No.m‘ll___,__

GROUND
- SURFAGE. .. ..

FLEVa 465 .0%
BROWN MOIST
SILTY TOPSOIL

VERY FiNE SAMJ

MERY FINE SAND

GRAY WET FINE TO

BR.HO. SlLT‘LCLAY
BR<M0o SILT TRACE i
|

BROWN ANB GRAY WET
[CLAYEY SILT TRACE

—— i

0.0°

D
To09 .

o I

RGP

YL

2=11

?Eonun SAND TRACE ;

SMALL GR.CLAY 5MS

GRAY WET FINE TO

MEDIUM SAND TR.
€04 SAND

1
i

BRAY FINE TO

COARSE SAND TRACE

EMALL GRAVEL AND
I : .

ELAcK SLATE

|
t
!

i
|

GRAY FENE TO
CARPSE SAND TRACE

i
|

L A—

—— g
3544
_________ :?2705',_

Be=t (]

T=0=7

_53e5%

R N

BS 45

fera- 38
GROUKND
SURFACE ey
RPN < S X
BROWVIANIST STLYV =
E#AEEY ToPS0IL o 3a3°
oBR LT
PTPRLORSECEIY ppey 308,
LICHT BROWN SILTY [~ o+ -
VERY FINE SAND
LToBRGOOSE SILT _ ., Gl
TRACE CLAY T
BRMOGSILTY GLAY . [ 88 4
LICHT BROWN MOEST o
STLTY VoTINE SAD Bude3! 31,01
RAY WET SILTY | BSﬂr
NE DAN i e T 3600
GRAY Y, INE SANDY |
SILT W/CLAY LAYERS] |
{6°-8") F 17 ,5¢
f | =T
B
GRAY SILTY FINE ! BS#3
SAND TRACE oRGANIC i
, .
; i i
MATERTAL | e
L
: 5 . 30.0°
BRAY FINE TO P
MEDIUM SAND TRACE | :
: - Ba5es
5ILT ' -1
i ; Bs#a -
: e i38a0
BRAY FINE TO j
{COARSE SAND TRACE !
[SMALL GRAVEL AND i
i 6
{MEDT UM GRAVEL AND b
{ BS#3
;ORGANIC MATTER, %
i
“_,,,‘,,,.;‘%_ L s3e
10-105

f
[GRAY FINE 70
i




pletion of hering.
viere made, or as noted.
topograph} etc.,

ACH

27 0.D. sampling pipe 2D

{GRAY FINE T0 i : i
‘COARSE SAND TRACE |

'?SHALL GRAVEL AND

GRAY FINE TO

|BS#7

| ;
I ; COAPSE SAND TRACE
Lo

SMJORLCLAY. SEAMS _ 60,01 __

SMALL GRAY CLAY
SEAMS AND SMALL

m,MEmu;-a BRAVEL .

[GRAY FINE TGO
:COARSE SAND TRACE BS#8
SMALL GRAVEL AND
LIMESTONE FRAGSe ... .

_GRAY COARSE SAND ., 2z
'TRACE FINE TO :

|
!
IMEDIUM SAND. Iy

USED 57.0% OF KX CASING, USED 74.0% OF NX CASING.

WATER ERCOUNTERED AT 14.57,

WATER LEVEL 14,0' ON COMPLETION. WATER LEVEL 12,0 ON COMPLETION,

8/26=20/¢6

BS =~ INDICATES BAG SAMPLE OBTAIWED.

Classifications are made by visun! Inspection,

Water levels (WL}, Figure indicates time of resding (hours) after com-

Water levels indicated are thox\c ohserved when borings
Porosity of the soil strate, Wwariations of rainfzll, site

may caure changes in thege levels

Figures in righ* hand co!umﬂ indicate number ¢f blows required 10 drive

%%, using 140-1b. weight falling 30 inches,

SIX INC‘HES

Total Foolage
Foremen_ Aed 2HOUSE AND Jﬁ?‘“-"s TURNIH
Classification by .
Sheec, 15 ___of__

o 53,0
| ;
: 10-7
EGRAY FINE T0O 2
| N
i [
COARSE SAND AND i
ISMALL GRAVEL SOME
'MEDIUM TO COAPSE 8=7-7
laRAVEL
-
1 ¢
1
:
7"0“07_ 75,00

USED 20.0t oF 3 1/2" CA54N5 WETH
DRILLING Mol .

WATER ENCOUNTERED AT 15,0
WATER LEVEL 14.0% ON COMPLETION,

o/ r1-22/68

209000

FOREMEN . .
18



RN a4 4. PARS o

TEST BORING REPORT

RAAYMOND

CONCRETE PILE COMPANY
. , GOW DIVISION
i To SVERDRUP AND PARCEL AND ASSOCIATES, INC., Date

Location of Borings__LABADIE, MISSOUR]

NOVEMBER 7, 19466 Job No.
PROPOSED POWER PLANT

£ 8—5247‘:“

i All borings are plotted to a scale of 17 =_8"'_ft. using ELEVATIONS AS FURNISHED o8 a fixed datum.
No..._..22 No. __ 28 Mo 30
'f i
i GROLND
SURFALE
i 470 GROUND ~
GROUND SURFACE o ELEV. 468 .5°
SURFACE S _ BLECK SILTY .CLAY
K ~ !
A ELEV, _46600! DS 11 . I ILIGHT BROWN : :
ELEVe _465.3° . 40 ... 0e0? . [DARK GRAY CLAY j : | b |
DBRSILT TRaCLAY.. . T40%.. |AND SILTY CLAY r - ORY SILT g
'1 . !GRAY sy $'§'§I “‘500'“7 | g?ga.giﬂ:r‘ 605%
LIGHT BROWN SILTY RELs oM. e A
i | TRACE CLAY 24 . - = — it
: St : L_._.,1.. 2 LTN0 LraHT aaome FINE 5 o o
' .= e e 8.0 ‘ :
FINE SAND | i ?-2-'7' IT0 MED. SAND AND !
s e an“T BROWN FINE {TRaCOSAND LENS o 1300°
E ' 3=6-9 10 HEDIUM SAND ‘;____ 1 12400 ‘iueur BROWN FINE ¢ o o1
. WET BROWN FINE 1O i “TO MEDIUM SAND ’
i’? : ey 1440 MEDIUM SAND TRACE (3=5=7: . iIEAccleT o 18,09
2450 | ~2=4 SILT ;“_______r_m,_______..15.0,,,.., . ‘ :
~ 7 BROWN FINE TO ! ; LY .ERAY FINE TO 9’15_
i ,L iGRAY WET FINE YO ; VoF« SAND A7 21,00
!”EDNH SAND "%-& 5% MEDIUM SAND TRACE 5~7-9' : '
: T : SCATTERED COARSE GRAY FINE SAND . C
oz 3 2-2-3
BROWN AND GRAY Fa ISAND : ; g . :
. YO MED. SAND TRACE o : 677 ; ; 28,0
1440 efonasz SAND a0l pg.00 | : b GRAY FINE TO . \
T o ' e e 280 3~5-10
H ! . ! T , c MEDTUM SAND . :
{ i i i i . .
: GRAY TRACE BROWN ! GRAY FINE SAND ! S
;; 43'5* F N TO COARSE : ‘5-8"9‘ : - 116_.2%; ' i - ———— 3..4_°‘Qg4
¢ FINE ., : ? 1 . H=17=10
i SAND AND SCATTERERD N L1
; o 5GRAY Fa 70 HEDDSD.,'Q_.' N FRAY FINE TO
bago -SMALL caveL s o4l TR LIMESTONE FRAG % 36400
: ! = ; comss SAND WITH vo-*t:?-é 2
" ;emw FINE 10 I -
. i
" g 8= LIMESTONE LEDGES ‘
;S 917 fcomsz SAND TRACE . ? Lo
: ) . ,‘; ' ) F=1 0-4? .
e e 4360 L o ‘ PR BOULDERS T a0t
4 GRAY SOME BROWN LIMES TONE aouw:ns,_g_b_; D :
.. 420  FINE TO COARSE sne-'f-g. b S RS GRAY FINE T ; :
FRAGS .Of LIMEST. 7,00 - , L ! ( 0 st |
: A SOME_GRAVEL o .. . 47e00 __ AND FRAGMENTS Lo : , 5
_ z ;. l 5_7_‘1'0* COARSE SAND - TRACE :
415 ;:GRAY FINE TO ;5___5_11. : ety o : i [
l ' ; i pei EMALL GRAVEL #-6-7
'COARSE SAND TRACE ‘ ! _ o S ! Lo
" T : : - ‘ S ; E
3 T SMALL GRAVEL ; : | |7uBed 605
: . i
i : ' i




'COARSE SAND TRACE ; L
40 . ‘ : f
‘SMALL GRAVEL : ; : :

1 i

SMALL GRAVEL 4-6-7

[ 7wBedg 50637

a5, [ Lol o e 97132 6005

USED 5900' OF NX CASING USED 50.0' OF NX CASING. Usen So.0% OF NX CASING.
WATER ENCOUNTERED AT 9.0 WATER ENCOUNTERED AT 16.0%. WATER ENCOUNTERED AT 16.07,
WATER LEVEL 12.07 ON COMPLETION. WATER LEVEL 14.5' ON COMPLETIONG WATER LEVEL 1205° ON COMsFLETION
WITH CASING IN PLACE.
s
INDICATES = A -2 A = AMOUMY PERTYRATED {IM INCHES)
SHELBY TUBE [—"¢ B -~ AMOURT RECOVERED {IN 1WCHES)
€ - SHELBY TUBD NUMBER
10/6=7/66 10/3-4/66 10/ 45756
§

Classifications are made by visusa! Inspection.

Water levels (WL). Figure indicates time of reading (hours) after con-
pletion of boring. Water levels indicated are those observed when borings
vere made, or as noted, Porosity of the soil strata, variations of rainfall, site
topography, efc., may cance changes In these levels.

EACH Figures in right hand column indlcate number of blows required 16 drive

2” 0.D, sampling pipe XK YEwY, using 140-1b. weight falling 30 inches.
SI1X INCHES -

Toial Footage, . 18%.5%
Foreman_  JAMES TURNER . .
Classification by FOREMAN . . ..
Sheet_ 38 of. _ L I




TEST BORING REPORT

RAYIMNMONID
CONCRETE PILE COMPANY
GOW DIVISION '
Date_ NOVEMBER 7,
_ PROPOSED POWER PLANT

To SVERDRUP AND PARCE!
Location of Borings

AND ASSOCIATES INC.,
LaBADIE, HISSCURY

195 66 Job No, L(5~5247=KC

ft. us g ELEVATIONS AS FURNISHED _

All borings are plotted to 5 scale of 17 = ——at a fixed datum,

Koo . .30 Ne. 32 WNe 33
GROUND
GROUND
SURFACE . o GROUND SURFACE , /
470 - SURFACE Y
ELEVe 468270 4 0400 : e PLeve 4c8.gr  F L 0o0F
, : > 0.0¢ ; * .
GHT BROWN SILTY ELEV. 467 ,J° % . ARK BROWN CLAYEY :
L LIGHT BROWN VERY | ] sn.r ! i 3,08
465. | VERY FINE SAND  [2-2-4 INE SANDY SILT ; Cqezezy o2
FINE 54 556 | 440t BROHN SILY TRACE ]
2=3=4 LT.BROWN SILT & 1t,,2_,,3 4
L o BlOY VoFe TO Fu SAND F"s"si 6e5% 5'\J'EF."! FINE SAND ; g0
460 TLTGBROWN FINE SAI) | 9000 o N FinE | . oo
LT. BROWN SILTY |2-4-3 SAND TRACE StLT P =19 1040* bé;:“';:?“;" i['}”"’ '1_3“.5{
VERY FINE SAND o i 4 @ ‘ AN ‘
- - N . 1263 BROWN FINE SAND : TRACE ORGANIC MATTs | 43
455 TRACE SILY LENS 30344 J - E3e
J .
BROWN FINE SAND |, o . . ORGANIC MATERIAL 4.0 pRcww FINE TO HED¢.5"9°8
TRACE SILT BROWN VERY FINE ; ;
18,0° 70 FINE SAND TR. 35 | 1708 snw TRACE COARSE -
450 I8 R R -
7T UGRAY AND BROWN f 5AND :
6 2-5-5 GRAY VERY FINE ; = s
A=5=6 | U -1 ' 1 Al
FINE SAND TR. MED& \ ! ! :
(SAND 2300 PAND : | BROWN AND GRAY !
445 e 73600 : :
{ L
"GRAY FINE SAND &3 ‘ : (FINE TO MEDLW o o o
i GRAY FINE SAND F=dma ; f _
! : (SAND TRoCOGSAND . . __, 27,07
| TRACE MED. SAND | , t = ( —
440 | SOME MEDIUM SAND 'GRAY FINE T €0o
: G55 | . ISAND TRACE LiNE=- .
o ; ¥ 1 121 0= 'STONE FRAGMERTS /™77 o
’ ‘ 127193 meo VORERTS 7 7 32,00
GRAY FINE TO ! | , 3 |
45 o1t a0 N GRAY FENE YO MED., (GRRY MED, TO
7~o-1 . -
37 .0 BAND TRACE COARSE o 11 €0, SAND AND LIME-T5-E]
' i3
430 . SAND - %STONE LEDGES OR
GRAY FINE TO " - o _ i |BOULOERS TRo FINE g o
. 14=8= - , : ; %4
COARSE SAND AND 10 (SAND
425 I -7, B
ISMALL GRAVEL, TR. 6-10g - BRAY FINE T0 COo . f B P’
: SAND TRACE SMALL g 44, ! 13, 47,08
GVLs & LIMESTONE 14 47 .09
420 [ LIMESTONE FRAGS., BCULDERS . : 1 " eRAY FINE TO
E i GRAY HED1UR TO } [COARSE SAND TRACE 13'18"
SMALL . BOULDERS ) : o
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ete., may cause changes in these jevels.
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TEST BORING REPORT

CONCRETE PILE COMPANY

To_SVYERDRUP AND PARCEL AND ASSOCIATES INC.,

GOW DIVISION
Date__NOVEMBER 7,

19366_Job No. CB-5247=KE

Location of Borings t4sa0tE, HISSOURI -

PROPOSED POMER PLANT
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Classification: are made by visus! inspection.
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KEY TO BORING LOGS

Symbol  Description Symbol  Description

KEY TO SOIL SYMBOLS SOIL SAMPLERS
Fly Ash and/or Bottom ASH ﬂ 2-in. O.D. Split-Spoon
(FILL)

Poorly-graded SAND (SP)

Silty SAND (SM)

Q?}% 4 Crushed Limestone

OOz
Qﬂoeg<

Low plastic Clayey SILT (ML)

Inorganic, non-plastic SILT
(ML)

MISCELLANEOUS SYMBOLS

~Z Water table during
drilling

JAW Boring continues

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

[ | Shear strength from
Pocket Penetrometer (tsf)

Notes:

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 1.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




REITZ & JENS, ING, BORING LOG TH-2

CONSULTING ENGINEERS

Ameren: Labadie Plant Bottom Ash Pond LOCATION: N 991237.6, E 723549.1
Closure ELEVATION: 497.6 DATUM: NAVD 1988
CLIENT: Gredell Engineering Resources DATE DRILLED: 11-02-15

SHEAR STRENGTH, tsf

A QU2 W PP [ sv O TV
1 2 3

STANDARD PENETRATION TEST
A N-VALUE (BLOWS PER LAST FOOT)

MATERIAL DESCRIPTION

e MOISTURE CONTENT, %
O % FINES (SILTS & CLAYS)
PL | | LL

DEPTH (FEET)
ELEVATION

WATER TABLE

GRAPHIC LOG

SAMPLE TYPE

PERCENT RECOVERY

DRY UNIT WEIGHT (PCF)
BLOWS PER 6 INCHES
RQD= ROCK QUALITY DES.
MOISTURE CONTENT
PERCENT BY WEIGHT

o
|

20 40 60

BOTTOM ASH, dark brown, fine sand-size

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

medium-dense

959.9.9.0.0.0.0.0.0.9/

O
Q
KL

000 % % %0 % % 20 20 %0 20 20 2%

5%
2%

2%
2%

12

a0 0 000 0 0000 000

oS
X
1%

&
&
».

$959.9.0,0.0.0.0.0.0.9.9:9.9.9.9.9

%
XD
2938,
R

8,
X3
%
X

o

&
o

5%

e
S

3

%
X
R

950,0.9.0.0.0.0,

2%

o%ele!
KX
&
&S

3%
%
35
K

KKK
&
&
&
120

%
3RS
3RS
35

Becoming loose, with cinders <1/2"

%
X

%
X

<

&
X
%

%

KK
K
&

&
X

%
X

%
1%

&S
9,

&S
100

9.9,

O
KL

Q
9.

LKL,
&
&
&
120

0
LKL

SRKR

>

LK
pre}

QKRR
SRRK

%%

D

UKL
2
%%
x>

KK
&3
e %
Yo%

XX
2%
28

89 FLY ASH, gray, silt- to fine sand-size grain,| 1-2-1

RoSetotede!
2588
QL

........ very loose, with trace fine sand

Retele!

KK KKK

5

XX

52K

X2

R

X

XX

LR

JRRRRRRLRRLRIKRSS

200,009,909,

KL

RIS

&

2
o

12

%
®.

T —

O 00 0009990990

Becoming moist

&S
&S
&
5K
S

.

s
<
Do %
RS

&%
%

3

Po%e%

%
KL

&
R

9.

SRS
2R
S

a0 0.0.9.0.9,
.

)
K2

X
s

X2

9.0,0.0.0.0.0.0.0,

o
2%

KR

Yo%

358
XD
2938,
R

KKK,
&
9

%
2%

9

K
X2
KL

Becoming saturated

3255
XD

25358585,

258

e
%
R

CRERKRKL

%

O
Q

O
QKR

R

O
O

.

X2

9e0%

X2

9.

SRRRHKS
SRS

9.

0 00,000,

&
SRR
KX

90000.0.9.0.0.9.

9

>

%
&
ol
SRS

9.

%
&L

S
Q%?

5
plete!

9:0,0,0,0.0.0.0.9.9.9.0.9:9:9.9:9.9.9.0.0,

KKK
CQKRKRKKKL

9,
K

%
ot
0
ele!

%%

<
R
RS

b}

File: 2015120902

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING _23 FEET

METHOD: HSA / Mud Rotary i;';/};g;:l\cnﬁ?sgcl)-llll_\lggéﬁgARlES N BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic ONLY: ACTUAL GHANGES MAY BE AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett SAMPLES. PIEZOMETER:  INSTALLED AT __ FEET

Figure A-1 Sheet 1 of 2




BORING LOG TH-2

CONSULTING ENGINEERS

REITZ & JENS, INC.

Plant Bottom Ash Pond Closure
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REITZ & JENS, ING, BORING LOG TH-3

CONSULTING ENGINEERS

Ameren: Labadie Plant Bottom Ash Pond LOCATION: N 991801.5, E 723758.8
Closure ELEVATION: 497.3 DATUM: NAVD 1988
CLIENT: Gredell Engineering Resources DATE DRILLED: 10-30-15

SHEAR STRENGTH, tsf

A QU2 W PP [ sv O TV
1 2 3

STANDARD PENETRATION TEST
A N-VALUE (BLOWS PER LAST FOOT)

MATERIAL DESCRIPTION

e MOISTURE CONTENT, %
O % FINES (SILTS & CLAYS)

DEPTH (FEET)
ELEVATION

WATER TABLE
GRAPHIC LOG

SAMPLE TYPE
PERCENT RECOVERY
DRY UNIT WEIGHT (PCF)
BLOWS PER 6 INCHES
RQD= ROCK QUALITY DES.
MOISTURE CONTENT
PERCENT BY WEIGHT
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File: 2015120902

DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING Dry FEET

METHOD: HSA i;';/};g;:l\cnﬁ?sgcl)-llll_\lggéﬁgARlES Y BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic ONLY: ACTUAL GHANGES MAY BE AT FEET AFTER HOURS

HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett SAMPLES. PIEZOMETER:  INSTALLED AT __ FEET

Figure A-2 Sheet 1 of 1




File: 2015120902

REITZ & [ENS, INC.

CONSULTING ENGINEERS

BORING LOG TH4

Ameren: Labadie Plant Bottom Ash Pond
Closure

CLIENT: Gredell Engineering Resources

LOCATION: N 991723.6, E 724216.7
ELEVATION: 528.9 DATUM: NAVD 1988
DATE DRILLED: 10-28&29-2015

DEPTH (FEET)
ELEVATION

WATER TABLE
GRAPHIC LOG
SAMPLE TYPE
PERCENT RECOVERY

MATERIAL DESCRIPTION

SHEAR STRENGTH, tsf

A QU2 W PP [ sv O TV
1 2 3

STANDARD PENETRATION TEST
A N-VALUE (BLOWS PER LAST FOOT)

e MOISTURE CONTENT, %
O % FINES (SILTS & CLAYS)

DRY UNIT WEIGHT (PCF)
BLOWS PER 6 INCHES
RQD= ROCK QUALITY DES.
MOISTURE CONTENT
PERCENT BY WEIGHT

o
|

up to 1/2"

SRRRRIRLRRKS

O 00 0009009,

%
5%

G0 0 0000 00999

%

2
%

%%

SEREREELEEREELLLELRERR

%

5K,
HEKS

RRLL

10,0000 0 000 0 0000 0.9

SRRRIRIRIRHNLIARKIKS
RRL

XXXXR
QRRRK

K
9%

K
R

X
00,
X 9% %%
K2

o
O
RRKK

SEKKK
KRR
%
9%
R

Q
0.0.’
QKL
9.9.9.

%
R9300;
&

R

%%
38
K

KR
Q
XX

X2

5
58585

9,
a2}
38

8%
5%
X
%
Do%e%e %

SRR
2REL,
aretele
&

KX

O

SR
R

&
SRR

LKL
LR

25258585
be%e%e%%

b

fine sand-size grains

D%

RELEEELERK

>

0000900099

KL

900900900, 0 0 0 00 0 OO O O OO OO 0 0.0 0.0

10

2RRIERRIERIIERRIRILLRRS

5%
2%

920.0.0.0,0.0. 0090009000000 000,00 9.9.9.0.

Becoming medium-dense

&

s
35

%

X
%

pre%

%
%
2e%0%

0000000090900 0.9.0.9.9.9.0.9.9.0.0.9.9.9.0.9.9.0.0.9.

Potetede!
K
&
KK

2
(XX
®

KKK,
R
X3

K%L
XXX
LR
02020 20%"

0%}

&
%

X

X
>

O
O
O

%
X

%
pre

KK
5
5%
D!

>
Q
s

%%

KX

2

X3
SRR
R

2R

0%

XXX
5%

XXX
QR

KKK
gqpo
pre

2%
LS

........ fine sand size grains, loose

%
5
&
L

S
&
XKL

X2

KR
9%,

R
9%,
%

9.9.9.0.0.0.9:0.9.9,

3%
R
3%

ootk

XK
X
&
&
5

35
KL
5

%%

O

O
2
oo

Do %
O

9. 9.0.0.9.
&
100

(959099
Q%p’
O,
&
929

to 3/4"

>

D
XX

X
X XKD
X

9
Q
X

2
O

<
%

=

BOTTOM ASH, dark brown, fine to coarse
sand-size grains, medium-dense, with trace

With trace silt-size particles (fly ash)

Becoming loose, dark golden brown and
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DRILLER: Midwest Drilling
METHOD: CFA / Mud Rotary STRATIFICATION LINES ARE

WATER LEVELS: DURING DRILLING _58 FEET
N BORING DRY AT COMPLETION OF DRILLING

APPROXIMATE SOIL BOUNDARIES

TYPE OF SPT HAMMER: Automatic ONLY: ACTUAL CHANGES MAY BE AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS

LOGGED BY: 1. Pruett SAMPLES.

PIEZOMETER: INSTALLED AT __ FEET
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REITZ & JENS, INC. BORING LOG TH-4

CONSULTING ENGINEERS

Ameren: Labadie Plant Bottom Ash Pond Closure

File: 2015120902

o SHEAR STRENGTH, tsf
—_ w
[ A QU2 PP Y, TV
. §a° | .= Qu2 = O o
: cos BIl——L & 2
3 523 | 2% STANDARD PENETRATION TEST
£l 2 g 8 |& el MATERIAL DESCRIPTION g ES 8% | 4 N-VALUE (BLOWS PER LAST FOOT)
w o) [ - o w -
| g E % 4 g z % % 5 © | ® MOISTURE CONTENT, %
Bl @ |5 2|5 ¢ 2589 | 3&| O %FINES (SILTS & CLAYS)
o [} S| 0 || a om So PL | | LL
N __40 60
1+ 460 100 Becoming medium to coarse sand-size 3617 """""
o0t gy grains with fine gravel-size grains | 7 T
=455
75T
— 450 100l FLY ASH, dark gray, silt to fine sand-size | 5, , | LA
g0+ Ky grains, very loose [l
L Note: no drilling mud return, 80' to 86'.
+— 445
85—
+ 440 100 Becoming black, silt-size particles | 022 '''''''' i
w0t By Note: hole collapsed to 77' while mixing | ~ il
i mud; rods clogging.
L 435 | Silty SAND (SM), gray, fine, medium- |
dense, with some gray silty clay
O5— [t e .
4 83 6-12-12 A
+ 1T Boring terminated at 96'-6" in silty sand | |
+—430
100 —
-+—425
105 —
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File: 2015120902

REITZ & JENS, ING, BORING LOG TH-26

CONSULTING ENGINEERS

Ameren: Labadie Plant Bottom Ash Pond LOCATION: N 992027.8, E 724055.9
Closure ELEVATION: 498.1 DATUM: NAVD 1988
CLIENT: Gredell Engineering Resources DATE DRILLED: 10-30-2015
Py SHEAR STRENGTH, tsf
— L
[ (=]
Sn AQu2 EPP [SV OTV
& L3 E ek 1 2 3
g 523 | Eg ‘ ‘ ‘
~ o3 STANDARD PENETRATION TEST
g 21 8 |g &8 MATERIAL DESCRIPTION e | 8% | a N-VALUE (BLOWS PER LAST FOOT)
g | 3 (2] 2 |F & EES | g
z g x| |3 § z2% |2 § ® MOISTURE CONTENT, %
e | @ |%| 2|5 ¢ %35 | 28| o %FINES (SILTS & CLAYS)
a [m] S| O |o]| a omx Sa PL | | LL
0 o heed | b ] _ 20 40 60
§§§§ FLY ASH, tan and gray-brown, silt to very I R S S S S o
T 85 fine sand-size grains, very dense, with .
+ 58 traces bottom ash (<3/8") i
9e%% T
1495 BB
om0 e 84
— 90990
i 59 | 67 22-40-44 ye
5 ey |\ P
i <
T 085 | CRUSHED LIMESTONE, with black |
490 %;3%23 ........ bottom ash, medium-dense |
| &GOV
i gggéjy 56 14-10-8 N
10—+ B I T e
Clayey SILT FILL (ML), greenish gray,
T trace bottom ash, very loose
—485s (el |
T y 100 1-1-1 R
15+ S 1
148 ol -
+ gg| BOTTOM ASH, dark brown, fine sand-size| 15 5; o}
0L BT grains, with fly ash and cinders, trace silty || .
) clay, dense
ars RS oA
1 Becoming medium dense, with unburnt i
. 71 coal, moist RS i
25 + il
1 i)
il
1 i)
""""" SAND (SP), gray, fine, slightly silty, dense,| , 14 1< |
89 . 6-14-15
...... | with trace fine gravel, saturated ) (SRS
| Boring terminated at 30'-0" in sand
DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING 28 FEET
METHOD: HSA STRATIFICATION LINES ARE N__ BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic oMLy ACTOAL CrANGES MAY Be AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett SAMPLES. PIEZOMETER:  INSTALLEDAT __ FEET
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REITZ & JENS, ING, BORING LOG TH-27

CONSULTING ENGINEERS

File: 2015120902

Ameren: Labadie Plant Bottom Ash Pond LOCATION: N 992223.7, E 724329.1
Closure ELEVATION: 492.6 DATUM: NAVD 1988
CLIENT: Gredell Engineering Resources DATE DRILLED: 10-29-2015
Py SHEAR STRENGTH, tsf
- L
Snl A QU2 PP sV v
E g Q z e (,:_5 Q 1 | ) ] s &
> 03 | Eg ' ' '
~ 3 0=3 | 33 STANDARD PENETRATION TEST
m > % § 3 ﬁ MATERIAL DESCRIPTION T s |8 %> | &4 N-VALUE (BLOWS PER LAST FOOT)
& S |&| o E E EL 8 g
z g || |3 § Zox | P § ® MOISTURE CONTENT, %
e | @ |%| 2|5 ¢ %35 | 28| o %FINES (SILTS & CLAYS)
a [m] S| O |o]| a omx Sa PL | | LL
2 o I _ 20 40 60
L FLY ASH, grayish greenish brown, silt- to R D S 8 8
1 fine sand-size grains, dense
— 490
Is 56 9-22-14
5 — P e
1 Perched water at 6.5'
— 485
4 86| Becoming very dense, dry A100+>
10
— 480
{ ‘g9| BOTTOM ASH, dark gray-brown, medium | s 5o | i
5] B to coarse sand-size grains, some fine gravel-|..__.___ | .
IS size (<1/2"), medium-dense
| 475 Z
I 100| Becoming gray, fine to coarse sand-size |, 50/5" |- ATOO+
N rains, very dense
20 g , Very
— 470
1 89 SAND (SP), gray-tan, fine, dense 270
25 - ; PR R
= Boring terminated at 25'-0" in sand
— 465
30
DRILLER: Midwest Drilling WATER LEVELS: DURING DRILLING _18 FEET
METHOD: HSA STRATIFICATION LINES ARE N__ BORING DRY AT COMPLETION OF DRILLING
TYPE OF SPT HAMMER: Automatic oMLy ACTOAL CrANGES MAY Be AT FEET AFTER HOURS
HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN AT FEET AFTER HOURS
LOGGED BY: J. Pruett SAMPLES. PIEZOMETER:  INSTALLEDAT __ FEET
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File: 2015120902

REITZ & [ENS, INC.

CONSULTING ENGINEERS

BORING LOG TH-30

Ameren: Labadie Plant Bottom Ash Pond

Closure
CLIENT: Gredell En

ineering Resources

LOCATION: N 991479.9, E 723339.6
ELEVATION: 492.8
DATE DRILLED: 11-03-2015

DATUM: NAVD 1988
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BOTTOM ASH, dark brown, fine sand-size
grains, trace tan fly ash, medium-dense

Becoming dense, fine sand-size to gravel-
size grains, with unburnt coal and cinders

Becoming medium-dense, fine to medium
sand-size grains

Becoming fine to coarse sand-size grains,
with cinders (<1/2"), moist

SILT (ML), tannish gray, trace clay, loose

20 40 60

DRILLER: Midwest

Drilling

METHOD

HSA

STRATIFICATION LINES ARE

APPROXIMATE SOIL BOUNDARIES

TYPE OF SPT HAMMER: Automatic ONLY; ACTUAL CHANGES MAY BE
HAMMER EFFICIENCY (%): GRADUAL OR MAY OCCUR BETWEEN
LOGGED BY: 1. Pruett SAMPLES.

PIEZOMETER

WATER LEVELS: DURING DRILLING 22.75 FEET

N BORING DRY AT COMPLETION OF DRILLING
AT FEET AFTER __ HOURS
AT FEET AFTER __ HOURS
INSTALLED AT __ FEET
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File: 2015120902

REITZ & JENS, INC.

CONSULTING ENGINEERS

BORING LOG TH-30

SHEAR STRENGTH, tsf

A QU2 W PP [ sv O TV
1 2 3

Ameren: Labadie Plant Bottom Ash Pond Closure
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AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
FRANKLIN COUNTY, MISSOURI

APPENDIX B: PERIODIC HAZARD POTENTIAL CLASSIFICATION
§257.73(2)(2)

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.

REITZ & JENS, INC. 1




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

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

Maximum . Normal Pool
CCR Unit Surface Area Dar;:;:;ght Cre?;el;;lgth Elevation
(acres) (feet)
LCPA (Bottom
Ash Pond) 164 26.3 10,500 NA
LCPB (Fly Ash 79 29.5 6.100 NA
Pond)

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 Economic, Environmental,
Classification Loss of Human Life 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)

REITZ & JENS, INC.




Ameren Missouri Labadie Energy Center Page 3
Evaluation of CCR Units — Periodic Hazard Potential Classification
October 2021

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.

REITZ & JENS, INC.




Ameren Missouri Labadie Energy Center Page 4
Evaluation of CCR Units — Periodic Hazard Potential Classification
October 2021

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.

REITZ & JENS, INC.
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Evaluation of CCR Units — Periodic Hazard Potential Classification
October 2021
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AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
FRANKLIN COUNTY, MISSOURI

APPENDIX C: PERIODIC STRUCTURAL STABILITY ASSESSMENT
257.73(d)(1)

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.

REITZ & JENS, INC. 1
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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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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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 Est. Est. Est. Est. Est. Est.
Unit Volume of | Bottom | Minimum | Minimum | Maximum | Maximum
Water Elev.of | CCRElev. | Depthof | CCRElev. | Depth of
and CCR | CCR Unit (feet) CCR (feet) (feet) CCR (feet)

(CY) (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.

REITZ & JENS, INC.
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Table 2 — Volume and depth of impounded CCR in LCPB

CCR Est. Est. Est. Est. Est. Est.
Unit Volume of | Bottom | Minimum | Minimum | Maximum | Maximum
Water Elev. of | CCRElev. | Depthof | CCR Elev. | Depth of
and CCR | CCR Unit (feet) CCR (feet) (feet) CCR (feet)

(CY) (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 .

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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.
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2020 PERIODIC INSPECTION CHECK SHEETS

2020 PERIODIC INSPECTION PHOTOGRAPH LOG
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1055 corporate square drive

REITZ &JENS, INC. st. louis, mo 63132

phone: 314.993.4132
CONSULTING ENGINEERS fax: 314.993.4177

www.reitzjens.com

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 I and Pond I,
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

Geotechnical Engineering *Water Resources *Construction Engineering & Quality Control *Environmental Restoration & Permitting
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2020 Annual Inspection

Labadie Energy Center - Landfill Cell 1 (LCL1), Fly Ash Pond (LCPB)

and Bottom Ash Pond (LCPA)

December 14, 2020

5.

10.

11

13

14.

Ameren Missouri. (2017). “2017 Labadie Annual Inspection Checklist.” September 21,
2017

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

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

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

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

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

. Ameren Ash Volumes Inventory, Excel Spreadsheet
12.

Ameren CCR Unit Inventory, Excel Spreadsheet

. 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

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,

Jf bt

Jeff Bertel, P.E.
Project Manager
Reitz & Jens, Inc.

P:\Amerenue\2020012463\Labadie\2020 Inspection\Labadie Annual Inspection Cover Letter.docx
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LABADIE ENERGY CENTER Date 10/28/2020
Bottom Ash Pond (LCPA) Inspector J. Bertel, L. Sutton, A.
Annual Inspection Check Sheet 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




LABADIE ENERGY CENTER
Bottom Ash Pond (LCPA)
Annual Inspection Check Sheet

Page 2 of 4

Inlet and Outlet Works

Item Condition Comments
Code
Outlet Condition NI The outlet has been retrofitted to serve as a pipe for stormwater only surface drainage from
the closed impoundment.
Valve Condition/ NI The existing gate valves no longer serve any purpose.
Operability
Discharge Piping NI
Condition
Leakage NI
Outfall Condition NI
Outlet Channel GC The outlet channel appeared in good condition. (IMG_3866)
Discharge (color NI Discharge was from stormwater runoff from a portion of closed impoundment.
and/or sediment)
Obstructions GC No obstructions were observed in outlet channel.
Instrumentation NI
Inlet Piping and NI Inlet piping has been removed.
Supports Condition
Emergency Spillway NI Emergency spillway has been filled as part of closure. (IMG_3848)
Condition
Other
Earth Embankment
Item Condition Comments
Code
Vertical & GC There was no visible vertical or horizontal misalignment of the crest. (IMG_3851 and
Horizontal IMG_3853).
Alignment of Crest
Seepage/Wetness/ GC No seepage, wetness or ponding areas were observed.
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Earth Embankment

Item Condition Comments
Code
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/ GC No sloughs, slides or cracks were observed.
Cracks
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 = ltem needing immediate maintenance to restore or ensure its safety and integrity.
Remediation should be complete within 1 month or as required.

MM = Minor Maintenance. ltem 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 —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 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) Inspector J. Bertel, L. Sutton, A.
Annual Inspection Check Sheet 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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Fly Ash Pond (LCPB)
Annual Inspection Check Sheet

Inlet and Outlet Works

Item Condition Comments
Code
Outlet Condition NO Outlet has been removed as part of closure.
Pump Condition/ NO
Operability
Outfall Condition NO
Leakage NO
Discharge (color NO
and/or sediment)
Obstructions NO
Instrumentation NO
Inlet Piping and NO Inlet piping has been removed as part of closure.
Supports
Emergency Spillway NO Emergency spillway has been removed as part of closure.
Condition
Other
Earth Embankment
Item Condition Comments
Code
Vertical & GC There was no visible vertical or horizontal misalignment of the crest. (IMG_3807 and
Horizontal IMG_3812).
Alignment of Crest
HDPE Liner NI The bottom HDPE liner is covered with soil used for closure.
Seepage/Wetness/ GC No seepage/wetness or ponding areas observed.
Ponding Areas
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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Fly Ash Pond (LCPB)
Annual Inspection Check Sheet

Earth Embankment

Item Condition Comments
Code
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/ GC No sloughs, slides or cracks were observed.
Cracks
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 = ltem needing immediate maintenance to restore or ensure its safety and integrity.
Remediation should be complete within 1 month or as required.
MM = Minor Maintenance. ltem 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.
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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.
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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 Inmediate 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 | Depth | Elevation | Depth | Elevation | Depth
(ft) (ft) (ft) (ft) (ft) (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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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

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 9,646.5

(#1)

Elapsed Hours on Cell 1 South Leachate Pump 10,165.5

(#2)

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 (LCL1) & Pond 1
Annual Inspection Check Sheet

Cell 1
Item Condition Code Comments
Leachate Pump No. 1 GC Pump Level — 13.4”
(North) — record both Secondary Level — 10.9”
leachate level meters
Leachate Pump No. 2 GC Check if pump test passed.
(South) — note alarm,
damage, slide,
erosion
Leachate Pump No. 2 GC Pump Level — 16.4”
(South) — record both Secondary Level — 17.2”
leachate level meters
Storm Water Sump GC Stormwater pump was not actively running but appeared functional.

Pump - running,
alarm, power on,
discharge to Pond

Leachate Tank

Item Condition Code Comments
Leachate Tank — OB Level in Tank — -144.2”
record leachate level, Verify that level sensor is calibrated and the reading is meaningful.
note alarm, leakage,
damage
Leachate Tank Heat MM Alarm indication lights were on for the heat trace. Repair heat trace electrical system. (IMG_3925)

Trace — note alarm,
any damage

Main Electric Panel — GC
note any alarms,
damage, any
problems




LABADIE ENERGY CENTER
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

Page 4 of 8

Evaporator No. 1 (West)

Item Condition Code Comments
Evaporator — note if GC Evaporator was running. (IMG_3930)
running, any alarm,
leaking, hose, any
problems
Booster Pump - note GC Booster pump was running. (IMG_3933)
if running, any
alarms, leaks, hoses,
any problems
Electric Panel — note NO

any alarm, any
problems, check
cables

Evaporator No. 2 (East)

Item Condition Code Comments
Evaporator — note if GC Evaporator was running. (IMG_3930)
running, any alarm,
leaking, hose, any
problems
Booster Pump — note GC Booster pump was running. (IMG_3932)
if running, any
alarms, leaks, hoses,
any problems
Electric Panel — note NO

any alarm, any
problems, check
cables
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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

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 GC
— normally should be
fully open
Gate Valve to Exterior OB Some corrosion on handwheel, gate stem, valve housing and stem brackets. Some corrosion on

Flood Water Inlet —
should be fully closed

handrail adjacent to metal grating. Remove corrosion and paint. (IMG_3913 to IMG_3916)
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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

Page 6 of 8

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 NI
& Wing Walls —
seepage, settlement,
problems
Lights, Security NI
Cameras
Perimeter Fence & GC

Gate — holes, breaks,
vandalism, gates
unlocked
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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

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. ltem 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.



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 Iltems from the Annual Inspection

Pond LCPA (Bottom Ash Pond)

1. Known leak through the discharge on valve 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




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.



40 CFR Parts 257

Checklist for Inspection Requirements for CCR Surface Impoundments

257.83 (b)

Labadie Power Station — LCPA (Bottom Ash Pond)

1. Annual Inspection

Requirements

Signs of actual or potential
structural weakness

Disruptions or potential
disruption to the operation and
safety of the unit

CCR Unit and appurtenant
structures 257.83(b)(ii)

None Observed

None Observed

Hydraulic structures underlying
the base of the CCR unit
257.83(b)(iii)

None Observed

None Observed

The 2019 Annual Inspection included a review of available information regarding the status
and condition of the CCR unit, including, but not limited to, files available in the operating
record in general accordance with 257.83(b)(i).

Minor maintenance items (e.g. animal burrows, ruts, etc.) associated with routine upkeep
observed during the 2019 Annual Inspection, presently do not impact the structural integrity
of the embankment. Ameren plans to address these items in a timely manner through

Ameren'’s work control process.

Engineer’s Seal

Gene Campbell, P.E.
License: PE- 2011020071
Date: November 22, 2019




LABADIE ENERGY CENTER Date 9/17/2019
Bottom Ash Pond (LCPA) Inspector G. Campbell
Annual Inspection Check Sheet A. Becker
Pool Level 478.78
River Level 464.1
Temperature 85°F
Weather Partiy Cloudy

Date of Previous Annual Inspection: 09/19/2018

Date of Previous Periodic Inspection: Not Applicable

Description of Emergency (EC) or Inmediate 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:
Pond LCPA is currently being closed.

Describe any modifications to the operation of the impounding structure since the
previous annual inspection:
Pond LCPA is currently being closed.

List the approximate remaining storage capacity of the impounding structure:
Approx. 2,414, 961 CY

List the approximate maximum, minimum and present depth and elevation of the
impounded water since the previous annual inspection:

Max: el. 486.1, depth — 76.2 ft.; Min: el. 474.7 depth — 64.8 ft.

Present: el. 478.8, depth — 68.9 ft.

List the approximate maximum, minimum and present depth and elevation of the
impounded CCR since the previous annual inspection:
Max. — el. 515 & depth = 105 feet, Min — el. 410 & depth=0ft, Avg depth = 60ft

Approximate volume of impounded water and CCR at the time of the inspection:
Approx. 16,325,039 CY

Describe any changes to the downstream watershed:
None
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Bottom Ash Pond (LCPA)
Annual Inspection Check Sheet

Inlet and Outlet Works

Item Condition Comments
Code
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/ MM Valve 1 is stuck in the open position.

Operability Minor leak past valve 2.
Discharge Piping GC The discharge piping appears to be in good condition.

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 GC Discharge water was clear.
and/or sediment)
Obstructions GC No obstructions observed.
Instrumentation MM Clean staff gage.
Inlet Piping and GC
Supports Condition
Emergency Spillway GC The emergency spillway is in good condition.
Condition

Other
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Bottom Ash Pond (LCPA)
Annual Inspection Check Sheet

Earth Embankment

Item Condition Comments
Code
Vertical & GC No visual displacement observed.
Horizontal
Alignment of Crest
Seepage/Wetness/ MM There is ponding water at the south and west downstream toe of the levee from the recent
Ponding Areas 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/ GC None observed.
Cracks
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 = Iltem 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.




40 CFR Parts 257

Checklist for Inspection Requirements for CCR Surface Impoundments

257.83 (b)

Labadie Power Station — LCPB (Fly Ash Pond)

1. Annual Inspection

Requirements

Signs of actual or potential
structural weakness

Disruptions or potential
disruption to the operation and
safety of the unit

CCR Unit and appurtenant
structures 257.83(b)(ii)

None Observed

None Observed

Hydraulic structures underlying
the base of the CCR unit
257.83(b)(iii)

None Observed

None Observed

The 2019 Annual Inspection included a review of available information regarding the status
and condition of the CCR unit, including, but not limited to, files available in the operating
record in general accordance with 257.83(b)(i).

Minor maintenance items (e.g. animal burrows, ruts, etc.) associated with routine upkeep
observed during the 2019 Annual Inspection, presently do not impact the structural integrity
of the embankment. Ameren plans to address these items in a timely manner through

Ameren’s work control process.

Engineer’s Seal

Gene Campbell, P.E.
License: PE- 2011020071
Date: November 22, 2019




LABADIE ENERGY CENTER Date 9/17/2019

Fly Ash Pond (LCPB) Inspector G. Campbell

Annual Inspection Check Sheet A. Becker
Pool Level NA - Drained
River Level 464.1
Temperature 85°F
Weather Partly Cloudy

Date of Previous Annual Inspection: 09/19/2018

Date of Previous Periodic Inspection: Not Applicable

Description of Emergency (EC) or Inmediate 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:

Pond LCPB is currently being closed. The pond is drained. The pond is no longer receiving
processed water or CCR material.

Describe any modifications to the operation of the impounding structure since the
previous annual inspection:
Pond LCPB is currently being closed. The pond is drained.

List the approximate remaining storage capacity of the impounding structure:
Approx. 337,488 CY

List the approximate maximum, minimum and present depth and elevation of the
impounded water since the previous annual inspection:

Max: el. 481.8, depth — 21.8 ft.; Min: Pond is being closed, no impounded water.; Present. Pond
is being closed, no impounded water.

List the approximate maximum, minimum and present depth and elevation of the
impounded CCR since the previous annual inspection:
Max. el. 504 & depth = 29ft; Min. el 460 & depth = Oft; Present avg. depth = 20 ft,

Approximate volume of impounded water and CCR at the time of the inspection:
Approx. 3,662,512 CY

Describe any changes to the downstream watershed:
None




LABADIE ENERGY CENTER Page 2 of 4
Fly Ash Pond (LCPB)
Annual Inspection Check Sheet

Inlet and Outlet Works

Item Condition Comments
Code
Outlet Condition NI The pond is drained. The outlet has been removed for pond closure.
Pump Condition/ NI The pond is drained. Pumps have been removed for pond closure.
Operability
Outfall Condition NI The pond is drained. There is no outfall.
Leakage NI The pond is drained.
Discharge (color NI The pond is drained and no longer discharging.
and/or sediment)
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 NI No longer sluicing to the pond.
Supports
Emergency Spillway NI The pond is drained. The emergency spillway has been removed for pond closure.
Condition

Other
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Fly Ash Pond (LCPB)
Annual Inspection Check Sheet

Earth Embankment

Item Condition Comments
Code
Vertical & GC/MM There was no visible vertical or horizontal misalignment of the crest.
Horizontal Clear additional minor vegetation on the crest road
Alignment of Crest
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/ OB There is ponding water at the east downstream toe of the levee from the recent 2019 flood.

Ponding Areas 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/ GC None observed.

Cracks
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 = Iltem 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.




40 CFR Parts 257

Checklist for Inspection Requirements for CCR Landfills

257.84 (b)

Labadie Power Station — LCL1 (Landfill Cell 1)

1. Annual Inspection

Requirements

Signs of actual or potential
structural weakness

Disruptions or potential
disruption to the operation and
safety of the unit

CCR Unit and appurtenant
structures 257.84(b)(ii)

None Observed

None Observed

The 2019 Annual Inspection included a review of available information regarding the status
and condition of the CCR unit, including, but not limited to, files available in the operating
record in general accordance with 257.84(b)(i).

Engineer’s Seal

Gene Campbell, P.E.
License: PE- 2011020071
Date: November 22, 2019
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LABADIE ENERGY CENTER Date 9/17/2019
Cell 1 (LCL1) and Pond 1 Inspector G. Campbell
A. Becker
Weather Partly Cloudy
Temperature 85°F

Date of Previous Annual Inspection: 09/19/2018

Date of Previous Periodic Inspection: Not Applicable

Description of Emergency (EC) or Inmediate 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:
None

List the approximate remaining storage capacity of the impounding structure:
2,209,772 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 | Depth | Elevation | Depth | Elevation | Depth
(ft) (ft) (ft) (ft) (ft) (ft)
Cell 1 484 6 479 2 481.5 4

Approximate volume of CCR at the time of the inspection:
90,228 CY

Describe any changes to the downstream watershed:
None




LABADIE ENERGY CENTER Page 2 of 8
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

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 5959.9

(#1)

Elapsed Hours on Cell 1 South Leachate Pump 6263.3

(#2)

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

M Check if pump test passed.




LABADIE ENERGY CENTER
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet
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Cell 1

Item Condition Code Comments
Leachate Pump No. 1 MM Pump Level — 55.0” — High level alarm is on
(North) — record both Secondary Level — 51.4”
leachate level meters The high level alarm is due to a faulty level sensor. Parts are on order to replace. Pump is running.
Leachate Pump No. 2 GC MCheck if pump test passed.
(South) — note alarm,
damage, slide,
erosion
Leachate Pump No. 2 MM Pump Level — 56.5” — High level alarm is on
(South) — record both Secondary Level — 57.1”
leachate level meters The high level alarm is due to a faulty level sensor. Parts are on order to replace. Pump is running.
Storm Water Sump GC Pump was bumped and ran without issue.

Pump - running,
alarm, power on,
discharge to Pond

Leachate Tank

Item Condition Code Comments
Leachate Tank — MM Level in Tank — 7.1”. Faulty level sensor. Parts are on order to replace.
record leachate level,
note alarm, leakage,
damage
Leachate Tank Heat GC
Trace — note alarm,
any damage
Main Electric Panel — GC

note any alarms,
damage, any
problems




LABADIE ENERGY CENTER
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet
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Evaporator No. 1 (West)

Item Condition Code Comments
Evaporator — note if GC Evaporator was running during the inspection.
running, any alarm,
leaking, hose, any
problems
Booster Pump — note GC Booster Pump was running during the inspection.
if running, any
alarms, leaks, hoses,
any problems
Electric Panel — note GC

any alarm, any
problems, check
cables

Evaporator No. 2 (East)

Item Condition Code Comments
Evaporator — note if GC Evaporator was running during the inspection.
running, any alarm,
leaking, hose, any
problems
Booster Pump — note GC Booster Pump was running during the inspection.
if running, any
alarms, leaks, hoses,
any problems
Electric Panel — note GC

any alarm, any
problems, check
cables




LABADIE ENERGY CENTER
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet
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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 GC
— normally should be
fully open
Gate Valve to Exterior GC

Flood Water Inlet —
should be fully closed




LABADIE ENERGY CENTER
Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet
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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 GC
& Wing Walls -
seepage, settlement,
problems
Lights, Security GC
Cameras
Perimeter Fence & GC

Gate — holes, breaks,
vandalism, gates
unlocked
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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet
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Cell 1 (LCL1) & Pond 1
Annual Inspection Check Sheet

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 = Iltem 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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DVD CONTAINING 2020 PERIODIC INSPECTION PHOTOGRAPHS

REITZ & JENS, INC.
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PERIODIC SAFETY FACTOR ASSESSMENT

REITZ & JENS, INC.




AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
40 CFR PART 257
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APPENDIX D: SAFETY FACTOR ASSESSMENT §257.73(e)
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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

REITZ & JENS, INC. 1




Ameren Missouri Labadie Energy Center Page 2
Evaluation of CCR Units — Periodic Safety Factor Assessment
October 2021

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.

REITZ & JENS, INC.




Ameren Missouri Labadie Energy Center Page 3
Evaluation of CCR Units — Periodic Safety Factor Assessment
October 2021

4.0 REFERENCES

Reitz & Jens (2017), “Geotechnical Analyses for Ameren Missouri Labadie Energy Center Bottom Ash
Pond Closure.” Ameren Missouri, St. Louis, Missouri.

Reitz & Jens (2017), “Geotechnical Analyses for Ameren Missouri Labadie Energy Center Fly Ash Pond
Closure.” Ameren Missouri, St. Louis, Missouri.

REITZ & JENS, INC.




P | J PRINCIPAL SPILLWAY

EMERGENCY SPILLWAY

|

P

‘r PRINCIPAL SPILLWAY

Vo
W= 7
| Fs

BOION
POND

et AMEREN MISSOURI N
— spilay LABADIE ENERGY CENTER “ Ameren
ACTIVE CCR SURFACE IMPOUNDMENTS MISSOURI

FIGURE 1 @ REITZ & JENS, INC.




APPENDIX 1

INITIAL SAFETY FACTOR ASSESSMENT FOR LCPA AND LCPB

REITZ & JENS, INC.




AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
40 CFR PART 257
FRANKLIN COUNTY, MISSOURI

APPENDIX D: SAFETY FACTOR ASSESSMENT 8§257.73(e)
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AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
FRANKLIN COUNTY, MISSOURI

APPENDIX D: SAFETY FACTOR ASSESSMENT §257.73(€)

1.0 INTRODUCTION

The Labadie Energy Center (LEC) islocated 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 islocated 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 dischargesinto
Labadie Creek. A map showing the location of the surface impoundments is attached as Figure 1.

1.1  Purpose

40 CFR 8257.73(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 1l - Minimum Safety Factors

L oading Condition Minimum Factor of Safety
Static, long-term, maximum stor age pool 1.50
Static, maximum sur char ge 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.

REITZ & JENS, INC. 1
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20 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 Sope Sability 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 alimit-equilibrium analysis, which resolves the static forces on each vertical dlice 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 accel eration 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 exceedancein 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 lessthan 3 feet for a safety factor of 1.0.

The published 2014 USGS hazard map for the Labadie Energy Center isreproduced in Figure 2. Thisis
the latest map available from the USGS website. The probabilistic PHGA for the design earthquake at the
Labadie siteis 0.180g (that is, 18.0% of standard gravity acceleration of 32.2 feet/sec?). 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. Thisvalue is meant to be a conservative
estimate. Based upon the data, the most probabl e earthquake magnitudes (M) for these accelerations are
between 7.0 and 8.0. We applied amultiplier 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 liguefaction 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 islost. Liquefaction occursin 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

REITZ & JENS, INC.
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estimates of post-earthquake or residual shear strengthsin 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).

30 LCPA (BOTTOM ASH POND)

3.1 Critical Section and Assumptions

The critical section for the Bottom Ash Pond islocated 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 thislocation is about 21 feet.

For stability analysis, the groundwater table was assumed to be at the ground surface at the downstream
toeor €. 471.6. The groundwater level for the post-earthquake |oad case was conservatively assumed at
€l. 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 thislocation in
2013, and the line of seepageislikely 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 €l.
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 €. 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
claysfrom el. 478.5 feet to the natural ground surface. Results from CU triaxia tests on similar fill
material sampled along the Bottom Ash Pond southwest embankment were referenced for effective and
total stress parametersin 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 boringsin 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 isintermittently 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

REITZ & JENS, INC.
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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 — Sail Properties Assumed in the Bottom Ash Pond Critical Section Stability Analyses

Material Unit Weight Normal /Max Pool Seismic Liquefaction
Y(pef) | ¥ (pef) | (psf) 0'(°) | clpsf) | () | clpsh | ¢(°)
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 Calculated Factor of
Safety 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

40 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 thislocation is about 28.8 feet.

For stability analysis, the groundwater table was assumed to be at the ground surface at the downstream

toeor €. 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 €l. 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 asfill. 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 €. 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 boringsin 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 aratio 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
Y(pcf) | ¥ (pcf) | (psf) ') L cpsf) | () | clpsh) | ¢(7)
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
Y(pcf) | ¥ (pcf) | (psf) ') | cpsf) | () | clpsh) | ¢(7)

Silt & Clay 120 58 1 25 1 25 1 25
Sand 120 58 1 31 1 31 1 31
Liq1 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.

Table5-Fly Ash Pond Stability Analyses Results

Loading Condition Minimum Factor of Calculated Factor of
Safety 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

Theinitial 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 8257.73(¢e). The subsequent periodic safety factor
assessment should be conducted within 5 years of the date of this report.
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Project Summary

File Name: xsect_4
Slide Modeler Version: 6.035

Slide Analysis Information

Periodic Safety Factor Assessment

Project Title: Periodic Safety Factor Assessment
Analysis: Static, Maxium Storage Pool
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 4 - Bottom Ash Pond
J. Gilliam
General Settings

Units of Measurement:

Time Units:

Permeability Units:

Failure Direction:

Data Output:

Maximum Material Properties:
Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2:

Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Surface Options

Surface Type:
Search Method:
Radius Increment:
Composite Surfaces:
Reverse Curvature:
Minimum Elevation:
Minimum Depth:
Minimum Area:
Minimum Weight:

Circular

Grid Search

10

Disabled

Create Tension Crack
Not Defined

Not Defined

Not Defined

Not Defined

Seismic

Advanced seismic analysis: No
Staged pseudostatic analysis: No
Material Properties
Property Upper Fill Clay Fill Lower Fill Sand & Silt Bottom Ash
Color [] [] [] [] []

Strength Type Mohr-Coulomb
Unit Weight [Ibs/ft3] 120
Cohesion [psf] 1

Friction Angle [deg] 30
Water Surface Water Table
Hu Value 1

Mohr-Coulomb
120

100

25

Water Table

1

Mohr-Coulomb

120

40

33

Water Table
1

Mohr-Coulomb
120

1

28

Water Table

1

Mohr-Coulomb
120

1

20

Water Table

1

Global Minimums

Method: spencer

xsect_4.sli
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FS 1.810180
Center: -57.825, 531.106
Radius: 72.427

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:

Driving Moment:

Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

-99.695, 472.008
3.923,493.252
5.03595e+006 Ib-ft
2.78202e+006 Ib-ft
62424 b

34485 b

1542.04 ft2

Method: gle/morgenstern-price

FS
Center:
Radius:
Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:
Driving Moment:
Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces:
Number of Invalid Surfaces:

Error Codes:

1.814170
-57.825,532.997
74.074
-99.870, 472.013
4.652, 493.202
5.17225e+006 Ib-ft
2.85103e+006 Ib-ft
62720.6 |b
345726 Ib
1540.89 ft2

5924
4647

Error Code -103 reported for 4635 surfaces
Error Code -108 reported for 12 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces:
Number of Invalid Surfaces:

Error Codes:

5924
4647

Error Code -103 reported for 4635 surfaces
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.

xsect_4.sli
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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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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
1 4.11429 641.015 -33.3683 Sanc;iﬁ 1 28 47.5648 86.1009 222.292 62.2414 160.051
Sand &
2 411429 182991 -29.5483 Silt 1 28 107.41 194.431 585.451 221.66 363.791
Sand &
3 411429 2860.33 -25.8684 Silt 1 28 151.715 274.632 873.41 358.782 514.628
Sand &
4 411429 3864.38 -22.3003 Silt 1 28 191.183 346.075 1137.41 488.413 648.992
Sand &
5 411429 4775.23 -18.8216 Silt 1 28 223.924 405.343 1362.36 601.905 760.458
Sand &
6 4.11429 5662.07 -15.4137 Silt 1 28 251.61 455.46 1570.34 715.622 854.715
Sand &
7 4.11429 6517.61 -12.061 Silt 1 28 280.904 508.486 1764.1 809.658 954.441
Sand &
8 4.11429 7447.23 -8.74995 Silt 1 28 322.227 583.288 1973.85 878.723 1095.12
Sand &
9 4.11429 8265.12 -5.46817 Silt 1 28 356.831 645.928 2145.58 932.648 1212.93
Sand &
10 4.11429 8965.8 -2.20435 Silt 1 28 384.887 696.714 2280.2 971.757 1308.45
Sand &
11 4.11429 9550.58 1.0523 Silt 1 28 407.044 736.823 2380.1 996.22 1383.88
Sand &
12 411429 10019.7 431237 Silt 1 28 423.804 767.161 2447.01 1006.06 1440.95
Sand &
13 4.11429 10372.2 7.58654 Silt 1 28 435.554 788.431 2482.11 1001.17 1480.94
Sand &
14 411429 10605.9 10.8859 Silt 1 28 442595 801.176 2486.18 981.261 1504.92
Sand &
15 4.11429 10755.3 14.2224 Silt 1 28 447.678 810.378 2468.13 945.92 1522.21
Sand &
16 4.11429 10836.1 17.6091 Silt 1 28 452.12 818.418 2431.87 894.522 1537.35
Sand &
17 4.11429 10783.9 21.0608 Silt 1 28 452.058 818.306 2363.36 826.228 1537.14
Sand &
18 4.11429 10589.2 24.595 Silt 1 28 447.52 810.092 2261.59 739.919 1521.68
Sand &
19 4.11429 10240.3 28.2325 Silt 1 28 438.533 793.824 2125.2  634.119 1491.08
Sand &
20 4.11429 9721.64 31.9992 Silt 1 28 425.079 769.469 1952.15 506.867 1445 .28
Lower
21 4.68367 10185.6 36.2153 Fill 40 33 500.146 905.354 1675.57 343.04 1332.53
Lower
22 4.68367 8960.77 40.9663 il 40 33 467.182 845.684 1374.7 134.058 1240.65
23 5.62573 7992.22 46.6647  Clay Fill 100 25 304.215 550.684 966.494 0 966.494
24 316966 2659.4  51.9431 UppF?ﬁ 1 30 169.504 306.832  529.717 0 529717
Upper
25 3.16966 942.783 56.2336 Fill 1 30 56.7932 102.806 176.333 0 176.333
Global Minimum Query (gle/ morgenstern-price) - Safety Factor: 1.81417
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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
1 4.12944 628.428 -32.6867 Sanc;if; 1 28 35.5551 64.503 179.417 59.9858 119.432
Sand &
2 412944 1795.05 -28.9631 Silt 1 28 86.1242 156.244 508.053 216.081 291.972
Sand &
3 412944 2805.82 -25.3696 Silt 1 28 132.501 240.379 800.807 350.6 450.207
Sand &
4 412944 3794.22 -21.8806 Silt 1 28 179.255 325.199 1087.52 477.788 609.73
Sand &
5 412944 4693.88 -18.4752 Silt 1 28 221.693 402.188 134375 589.225 754.525
Sand &
6 4.12944 5573.34 -15.1364 Silt 1 28 258.545 469.045 1582.09 701.823 880.266
Sand &
7 4.12944 6421.59 -11.8497 Silt 1 28 294.697 534.631 1798.9 795.288 1003.61
Sand &
8 4.12944 7350.01 -8.60219 Silt 1 28 340.463 617.657 2023.53 863.771 1159.76
Sand &
9 4.12944 8169.7 -5.38242 Silt 1 28 376.54 683.107 2200.21 917.36 1282.85
Sand &
10 4.12944 8873.55 -2.17966 Silt 1 28 402.809 730.764 2328.85 956.363 1372.49
Sand &
11 4.12944 9462.86 1.01628 Silt 1 28 420.327 762.545 2413.2 980.941 1432.26
Sand &
12 412944 9937.81 4.21539 Silt 1 28 430.391 780.803 2457.71 991.12 1466.59
Sand &
13 4.12944 10297.5 7.42777 Silt 1 28 434.399 788.073 2467.06 986.788 1480.28
Sand &
14 412944 10540 10.6639 Silt 1 28 433.718 786.839 2445.64 967.691 1477.95
Sand &
15 4.12944 10700.8 13.9349 Silt 1 28 432.177 784.042 2406.12 933.423 1472.69
Sand &
16 4.12944 10794.8 17.2532 Silt 1 28 431.832 783.417 2354.92 883.403 1471.52
Sand &
17 4.12944 10758 20.6325 Silt 1 28 429.502 779.189 2280.41 816.839 1463.57
Sand &
18 4.12944 10581.5 24.0889 Silt 1 28 425.65 772.202 2183.11 732.686 1450.42
Sand &
19 4.12944 10254.4 27.6417 Silt 1 28 420.452 762.772 2062.25 629.57 1432.68
Sand &
20 4.12944 9762.26 31.3146 Silt 1 28 413.711 750.542 1915.36 505.675 1409.68
Lower
21 4.81335 10503.9 35.4706 Fill 40 33 496.186 900.166 1668.61 344.071 132454
Lower
22 4.81335 9270.17 40.1948 il 40 33 474.463 860.757 1399.63 135.778 1263.86
23 5.78834 8235.75 45.8481 Clay Fill 100 25 316.627 574.416 1017.39 0 1017.39
24 325914 2737.51 51.07 UppF?ﬁ 1 30 185402 33635  580.844 0  580.844
Upper
25 3.25914 963.623 55.2905 Fill 1 30 63.763 115.677 198.626 0 198.626

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

Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]

1 -99.695 472.008 0 0 0
2 -95.5807 469.298 798.236 145.482 10.329
3 -91.4664 466.966 2606.1 474.973 10.329
4 -87.3521 464.971 4973.44 906.428 10.329
5 -83.2378 463.284 7680.16 1399.74 10.329
6 -79.1236 461.881 10513 1916.03 10.329
7 -75.0093 460.747 13330.6 2429.55 10.329
8 -70.895 459.868 16038.4 2923.06 10.329
9 -66.7807 459.235 18615.5 3392.75 10.329
10 -62.6664 458.841 20930.3 3814.62 10.329
11 -58.5521 458.682 22876.6 4169.36 10.329
12 -54.4378 458.758 243733 4442.13 10.329
13 -50.3235 459.068 25359.7 4621.9 10.329
14 -46.2092 459.616 25793.5 4700.96 10.329
15 -42.0949 460.407 25649.3 4674.68 10.329
16 -37.9806 461.45 24919.5 4541.67 10.329
17 -33.8663 462.756 23606 4302.28 10.329
18 -29.7521 464.34 21723 .6 3959.2 10.329
19 -25.6378 466.224 19307.7 3518.9 10.329
20 -21.5235 468.433 16419.2 2992.46 10.329
21 -17.4092 471.004 13151.4 2396.9 10.329
22 -12.7255 474.433 9749.56 1776.89 10.329
23 -8.04185 478.5 6349.69 1157.26 10.329
24 -2.41612 484.463 2300.27 419.233 10.329
25  0.753537 488.511 693.474 126.388 10.329
26 3.92319 493.252 0 0 0

Global Minimum Query (gle/ morgenstern-price) - Safety Factor: 1.81417
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]
1 -99.8704 472.013 0 0 0
2 -95.7409 469.363 622.313 18.2044 1.67558
3 -91.6115 467.078 2139.33 124.2 3.32261
4 -87.4821 465.119 4254.89 365.771 491334
5 -83.3526 463.461 6799.1 765.25 6.42171
6 -79.2232 462.081 9569.09 1314.86 7.82385
7 -75.0937 460.964 12404 .6 1986.58 9.09858
8 -70.9643 460.098 15180.9 2739.02 10.2276
9 -66.8349 459.473 17851.7 3533.33 11.1957
10 -62.7054 459.084 20263.6 4303.64 11.9905
11 -58.576 458.927 22294 4984 .3 12.6024
12 -54.4465 459 23854 5517.91 13.0246
13 -50.3171 459.305 24884.3 5860.5 13.2522
14 -46.1877 459.843 25351 5984.78 13.283
15 -42.0582 460.621 252415 5881.54 13.1165
16 -37.9288 461.645 24561.9 5559.83 12.7545
17 -33.7993 462.928 23326 5043.72 12.2011
18 -29.6699 464.482 21555.1 4370.66 11.4623
19 -25.5405 466.329 19283.3 3590.31 10.547
20 -21.411 468.491 16560.7 2761.38 9.46657
21 -17.2816 471.004 13458 .4 1947.88 8.23543
22 -12.4682 474.433 101254 1177.53 6.6334
23 -7.65488 478.5 6718.48 573.921 4.88259
24 -1.86654 484.462 2486.37 114.369 2.63366
25 1.3926 488.497 747.413 17.2727 1.32387
26 4.65175 493.202 0 0 0
List Of Coordinates
Water Table
X Y
-250 471.47
-162.22 471.12
-89.2 471.72
-81.54 472.18
-74.04 473.19
0 4795
30.13 484.45
250 484.45

External Boundary

xsect_4.sli

Ameren - Labadie Energy Center
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SCH

X Y
-8.63  493.19
-9.48 492.66
-34.6222 484.475
-41.61 4822
-54.9275 4785
-74.04 473.19
-81.54 472.18
-85.3128 471.953
-89.2 471.72

-113.25 47238
-147.31 472
-162.22 471.12
-183.37 471.47

-250 471.47
-250 400
250 400
250 410
250 411.16
250 484.45
30.13 484.45
14.93 492.5
0 493,52

Material Boundary

X Y
30.13 484.45
42.0276 478.5
57.0175 471.004
179 410
250 410

Material Boundary

X Y
-34.6222 484.475
30.13 484.45

Material Boundary

X Y
-54.9275 478.5
42.0276 478.5

Material Boundary

X Y
-84.9558 471.72
-78.55 471.004
57.0175 471.004

xsect_4.sli Ameren - Labadie Energy Center
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Material Boundary

X Y
-85.3128 471.953
-84.9558 471.72
xsect_4.sli Ameren - Labadie Energy Center
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Project Name: Periodic Safety Factor Assessment| Client: Ameren - Labadie Energy Center
REITZ & JENS, INC.| Section Location: Section 4 - Bottom Ash Pond | Load Case: Static, Maxium Surcharge Pool
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Project Number: 2015012432 |AnalysisBy: J. Bertel Checked By: J. Gilliam Figure:
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Slide Analysis Information

Periodic Safety Factor Assessment

Project Summary
File Name: xsect_4 MAX
Slide Modeler Version: 6.035
Project Title: Periodic Safety Factor Assessment
Analysis: Static, Maxium Surcharge Pool
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 4 - Bottom Ash Pond
J. Gilliam
General Settings
Units of Measurement: Imperial Units
Time Units: seconds
Permeability Units: feet/second
Failure Direction: Right to Left
Data Output: Standard

Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Slices Type:

Analysis Methods Used
GLE/Morgenstern-Price with interslice force function:

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2:

Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

xsect_4 MAX.sli

Ameren - Labadie Energy Center
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Surface Options

Surface Type:
Search Method:
Radius Increment:
Composite Surfaces:
Reverse Curvature:
Minimum Elevation:
Minimum Depth:
Minimum Area:
Minimum Weight:

Circular

Grid Search

10

Disabled

Create Tension Crack
Not Defined

Not Defined

Not Defined

Not Defined

Seismic

Advanced seismic analysis: No
Staged pseudostatic analysis: No
Material Properties
Property Upper Fill Clay Fill Lower Fill Sand & Silt Bottom Ash
Color [] [] [] [] []

Strength Type Mohr-Coulomb
Unit Weight [Ibs/ft3] 120
Cohesion [psf] 1

Friction Angle [deg] 30
Water Surface Water Table
Hu Value 1

Mohr-Coulomb
120

100

25

Water Table

1

Mohr-Coulomb

120

40

33

Water Table
1

Mohr-Coulomb
120

1

28

Water Table

1

Mohr-Coulomb
120

1

20

Water Table

1

Global Minimums

Method: spencer

xsect_4 MAX.sli

Ameren - Labadie Energy Center
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FS 1.524790
Center: -58.368, 544.090
Radius: 83.763

Left Slip Surface Endpoint:  -101.099, 472.047
Right Slip Surface Endpoint: 7.990, 492.974

Left Slope Intercept: -101.099 472.194
Right Slope Intercept: 7.990 492.974
Resisting Moment: 4.85555e+006 |b-ft
Driving Moment: 3.1844e+006 Ib-ft

Resisting Horizontal Force: 53368.2 Ib
Driving Horizontal Force: 35000.3 |Ib
Total Slice Area: 1513.82 ft2

Method: gle/morgenstern-price

FS 1.528040
Center: -55.700, 544.090
Radius: 83.402

Left Slip Surface Endpoint:  -97.552,471.949
Right Slip Surface Endpoint: 10.090, 492.831

Left Slope Intercept: -97.552 472.140
Right Slope Intercept: 10.090 492.831
Resisting Moment: 4.90159e+006 Ib-ft
Driving Moment: 3.20777e+006 lb-ft

Resisting Horizontal Force:  54090.7 Ib
Driving Horizontal Force: 35398.8 |b
Total Slice Area: 1525.76 ft2

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 6798
Number of Invalid Surfaces: 3773

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

Number of Valid Surfaces: 6801
Number of Invalid Surfaces: 3770

Error Codes:

Error Code -103 reported for 3557 surfaces
Error Code -107 reported for 192 surfaces
Error Code -108 reported for 21 surfaces

xsect_4 MAX.sli Ameren - Labadie Energy Center
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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

xsect_4 MAX.sli Ameren - Labadie Energy Center
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1%
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]

1 4.40272 659495 -28.9519 Saniiﬁ 1 28 412175 62.8481 199.444  83.1257 116.319
Sand &

2 4.40272 1810.07 -25.5614 Silt 1 28 107.17 163.412 526.076  220.624 305.452
Sand &

3 440272 2797.71 -22.2647 Silt 1 28 156.145 238.088 784.265 338.368 445.897
Sand &

4 440272 3712.8 -19.0442 Silt 1 28 200.221 305.295 1010.12 437.829 572.294
Sand &

5 440272 4632.02 -15.8853 Silt 1 28 234.652 357.795 1222.57 551.54 671.034
Sand &

6 4.40272 5501.6 -12.7753 Silt 1 28 266.647 406.58 1414.7 651.914 762.785
Sand &

7 4.40272 6379.7 -9.70333 Silt 1 28 299.542 456.738 1602.44 745.324 857.119
Sand &

8 4.40272 7356.75 -6.65932 Silt 1 28 338.578 516.26 1808.45 839.383 969.063
Sand &

9 440272 8212.66 -3.63414 Silt 1 28 369.745 563.783 1977.12 918.679 1058.44
Sand &

10 4.40272 8945.34 -0.619105 Silt 1 28 393.591 600.143 2110.24 983.42 1126.82
Sand &

11 4.40272 9555.54 2.39421 Silt 1 28 410.826 626.424 2209.94 1033.69 1176.25
Sand &

12 440272 10042.9 5.41419 Silt 1 28 422.017 643.487 2277.81 1069.46 1208.35
Sand &

13 4.40272 10406.2 8.44938 Silt 1 28 427.614 652.021 2314.97 1090.57 12244
Sand &

14 440272 10656.1 11.5087 Silt 1 28 428.984 654.11 2325.05 1096.73 1228.32
Sand &

15 4.40272 10859 14.6018 Silt 1 28 431.494 657.938 2323.02 1087.51 123551
Sand &

16 4.40272 10941.2 17.7392 Silt 1 28 429.946 655.578 2293.39 1062.32 1231.07
Sand &

17 4.40272 10881.6 20.9328 Silt 1 28 423.437 645.652 2232.77 1020.36 1212.41
Sand &

18 4.40272 10671.3 24.1962 Silt 1 28 41212 628.396 2140.58 960.626 1179.96
Sand &

19 4.40272 10299.4 27.5458 Silt 1 28 396.114 603.991 2015.84 881.788 1134.05
Lower

20 5.58808 12245.4 31.4861 il 40 33 464.297 707.956 1793.79 765.233 1028.56
Lower

21 5.58808 10940.5 36.0937 Fill 40 33 420.959 641.874 1527.36 600.558 926.801

22 3.36483 5424.69 39.9611 Clay Fill 100 25 305.961 466.527 1226.95 440.928 786.02

23 3.36483 4271.75 43.0374  Clay Fill 100 25 256.816 391.59 921.925 296.609 625.316

24 3.76542 3124.93 46.4827 Upr::?ﬁ 1 30 172.121 262.449 571.859 119.017 452.842
Upper

25 3.76542 1085.45 50.3729 il 1 30 68.6908 104.739 179.681 0 179.681

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

xsect_4 MAX.sli Ameren - Labadie Energy Center
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S5}
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]

1 45572 700.133 -28.3409 Saniiﬁ 1 28 31.2574 47.7625 174391 86.4437 87.9474
Sand &

2 45572 1897.82 -24.8369 Silt 1 28 89.9407 137.433 481.194 224.601 256.593
Sand &

3 45572 2987.41 -21.4299 Silt 1 28 14892 227.556 767.966 341.876 426.09
Sand &

4 45572 4070.28 -18.101 Silt 1 28 202.552 309.508 1048.97 468.753 580.219
Sand &

5 45572 5099.09 -14.8343 Silt 1 28 253.131 386.794 1309.65 584.08 725.574
Sand &

6 4.5572 6126.03 -11.6165 Silt 1 28 302.442 462.144 1558.05 690.763 867.287
Sand &

7 45572 7254.44 -8.43552 Silt 1 28 354.883 542.275 1815.51 797.524 1017.99
Sand &

8 45572 8246.8 -5.28061 Silt 1 28 394.718 603.145 2020.67 888.198 1132.47
Sand &

9 4.5572 910097 -2.14174 Silt 1 28 421.985 644.81 2173.93 963.104 1210.83
Sand &

10 4.5572 9818.42 0.990689 Silt 1 28 437.83 669.021 2278.78 1022.41 1256.37
Sand &

11 4.5572 10399.4 4.1261 Silt 1 28 443.856 678.23 2339.83 1066.14 1273.69
Sand &

12 4.5572 10842.8 7.27397 Silt 1 28 441909 675.255 2362.27 1094.18 1268.09
Sand &

13 4.5572 11177.7 10.4442 Silt 1 28 436.19 666.516 2357.93 1106.27 1251.66
Sand &

14 45572 11452.3 13.6471 Silt 1 28 431.951 660.038 2341.46 1101.98 1239.48
Sand &

15 4.5572 11582.6 16.8944 Silt 1 28 424.601 648.807 2299.07 1080.72 1218.35
Sand &

16 4.5572 11557 20.1987 Silt 1 28 414966 634.085 2232.33 1041.68 1190.65
Sand &

17 4.5572 11366.2 23.5751 Silt 1 28 403.811 617.04 2142.37 983.768 1158.61
Sand &

18 4.5572 10997.7 27.041 Silt 1 28 391.457 598.162 2028.7 905.594 11231
Lower

19 3.77923 8707.41 30.3024 il 40 33 472.209 721.554 1865.24 815.739 1049.5
Lower

20 3.77923 8225.86 33.3606 il 40 33 455.633 696.226 1726.51 716.008 1010.5
Lower

21 3.77923 7341.17 36.5307 Fill 40 33 413.947 632.527 1510.25 597.837 912.413

22 3.398 55114 39.6628  Clay Fill 100 25 309.462 472.87 1266.66 467.037 799.622

23 3.398 4305.55 42.7694  Clay Fill 100 25 261.074 398.931 964.216  323.155 641.061

24 3.73949 3052.52 46.2162 Upr::?ﬁ 1 30 174318 266.365 607.182 147.556 459.626
Upper

25 3.73949 1059.89 50.0747 il 1 30 73.2127 111.872 192.036 0 192.036

Interslice Data

xsect_4 MAX.sli Ameren - Labadie Energy Center
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Global Minimum Query (spencer) - Safety Factor: 1.52479

Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]

1 -101.099 472.047 0.682783 0 0
2 -96.6959 469.611 666.777 118.779 10.1007
3 -92.2932 467.505 2245 .96 400.091 10.1006
4 -87.8905 465.703 4348.37 774.612 10.1006
5 -83.4877 464.183 6766.53 1205.38 10.1006
6 -79.085 462.93 9331.85 1662.36 10.1006
7 -74.6823 461.932 11919.3 2123.29 10.1006
8 -70.2796 461.179 14445 3 2573.27 10.1007
9 -65.8769 460.665 16866.6 3004.58 10.1006
10 -61.4741 460.385 19048.3 3393.24 10.1006
11 -57.0714 460.338 20882.7 3720.01 10.1006
12 -52.6687 460.522 22285.8 3969.96 10.1006
13 -48.266 460.939 23194.5 4131.83 10.1006
14 -43.8632 461.593 23564.3 4197.72 10.1007
15 -39.4605 462.489 23370 4163.09 10.1006
16 -35.0578 463.636 22606.5 4027.08 10.1006
17 -30.6551 465.045 21270.6 3789.11 10.1006
18 -26.2524 466.729 19375.8 3451.57 10.1006
19 -21.8496 468.707 16956.6 3020.63 10.1007
20 -17.4469 471.004 14072.5 2506.86 10.1007
21 -11.8588 474.426 10529.4 1875.7 10.1007
22 -6.27075 478.5 6660.88 1186.56 10.1006
23 -2.90592 481.32 4231.62 753.814 10.1006
24 0.458909 484.461 2199.74 391.859 10.1006
25 4.22433 488.427 580.543 103.417 10.1006
26 7.98975 492.974 0 0 0

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

xsect_4 MAX.sli Ameren - Labadie Energy Center
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]

1 -97.5522 471.949 1.13949 0 0

2 -92.995 469.491 570.402 17.7409 1.78146

3 -88.4378 467.382 1995.6 123.04 3.52814

4 -83.8806 465.593 4049.78 369.014 5.20639

5 -79.3234 464.104 6535.42 777.544 6.78481

6 -74.7662 462.897 9270.75 1341.73 8.23508

7 -70.209 461.96 12109.3 2033.43 9.53235

8 -65.6518 461.284 14954 .2 2813.69 10.6558

9 -61.0946 460.863 17604.9 3610.06 11.5884

10 -56.5374 460.692 19899.3 4344 91 12.3169

11 -51.9802 460.771 21715.9 4946.27 12.8315

12 -47.423 461.1 22970.3 5356.12 13.1255

13 -42.8658 461.682 23610.9 5535.86 13.1953

14 -38.3086 462.522 23618.8 5470.26 13.0401

15 -33.7514 463.628 22997 .4 5166.56 12.6618

16 -29.1942 465.012 21751.1 4649.14 12.065

17 -24.637 466.689 19900.3 3961.18 11.2577

18 -20.0798 468.677 17480.9 3161.33 10.2509

19 -15.5226 471.004 14546.7 2319.36 9.05912

20 -11.7434 473.212 12212 .4 1704.13 7.94381

21 -7.96414 475.7 9639.18 1136.87 6.72654

22 -4.18491 478.5 6976.13 662.11 5.42175

23 -0.786902 481.317 4459.5 326.477 4.18712

24 2.6111 484.461 2316.27 117.64 2.90747

25 6.35059 488.362 599.366 15.3115 1.46337

26 10.0901 492.831 0 0 0

List Of Coordinates
Water Table
X Y
-250 471.47

-163.957 471.149
-113.25 47238
-85.3128 471.953

-74.04 473.19
17.1958 491.3
250 491.3

External Boundary

xsect_4 MAX.sli Ameren - Labadie Energy Center
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SCH

X Y
-8.63  493.19
-9.48 492.66
-34.6222 484.475
-41.61 4822
-54.9275 4785
-74.04 473.19
-81.54 472.18
-85.3128 471.953
-89.2 471.72

-113.25 47238
-147.31 472
-162.22 471.12
-183.37 471.47

-250 471.47
-250 400
250 400
250 410
250 411.16
250 484.45
30.13 484.45
14.93 492.5
0 49352

Material Boundary

X Y
30.13 484.45
42.0276 478.5
57.0175 471.004
179 410
250 410

Material Boundary

X Y
-34.6222 484.475
30.13 484.45

Material Boundary

X Y
-54.9275 478.5
42.0276 478.5

Material Boundary

X Y
-84.9558 471.72
-78.55 471.004
57.0175 471.004

xsect_4 MAX.sli Ameren - Labadie Energy Center
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Material Boundary

X Y
-85.3128 471.953
-84.9558 471.72
xsect_4 MAX.sli Ameren - Labadie Energy Center
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Slide Analysis Information

Periodic Safety Factor Assessment

Project Summary
File Name: xsect_4 PS LT
Slide Modeler Version: 6.035
Project Title: Periodic Safety Factor Assessment
Analysis: Seismic
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 4 - Bottom Ash Pond
J. Gilliam
General Settings

Units of Measurement:
Time Units:
Permeability Units:
Failure Direction:

Data Output:

Maximum Material Properties:

Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:
Tolerance:

Maximum number of iterations:

Check malpha < 0.2:
Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

xsect_4 PS LT.sli

Ameren - Labadie Energy Center
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Surface Options

Surface Type:
Search Method:
Radius Increment:
Composite Surfaces:
Reverse Curvature:
Minimum Elevation:
Minimum Depth:
Minimum Area:
Minimum Weight:

Circular

Grid Search

10

Disabled

Create Tension Crack
Not Defined

Not Defined

Not Defined

Not Defined

Seismic

No
No

Advanced seismic analysis:
Staged pseudostatic analysis:

Loading
Seismic Load Coefficient (Horizontal): 0.13
Material Properties
Property Upper Fill Clay Fill Lower Fill Sand & Silt Bottom Ash
Color |:| |:| |:| |:| |:|

Strength Type Mohr-Coulomb
Unit Weight [lbs/ft3] 120
Cohesion [psf] 1

Friction Angle [deg] 30
Water Surface Water Table
Hu Value 1

Mohr-Coulomb
120

100

25

Water Table

1

Mohr-Coulomb

120

40

33

Water Table
1

Mohr-Coulomb
120

1

28

Water Table

1

Mohr-Coulomb
120

1

20

Water Table

1

Global Minimums

xsect_4 PS LT.sli
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Method: spencer

FS 1.160710
Center: -61.606, 548.253
Radius: 87.817

Left Slip Surface Endpoint:  -105.454, 472.166
Right Slip Surface Endpoint: 6.701, 493.062
Resisting Moment: 5.75538e+006 lb-ft
Driving Moment: 4.95849e+006 |b-ft
Resisting Horizontal Force: 60114.5 b

Driving Horizontal Force: 51791.1 b

Total Slice Area: 1479.37 ft2

Method: gle/morgenstern-price

FS 1.157350
Center: -63.497, 546.362
Radius: 86.341

Left Slip Surface Endpoint:  -107.759, 472.229
Right Slip Surface Endpoint: 4.544, 493.210
Resisting Moment: 5.55026e+006 lb-ft
Driving Moment: 4.79566e+006 |b-ft
Resisting Horizontal Force:  58854.9 |Ib

Driving Horizontal Force: 50853.2 |b

Total Slice Area: 1467.99 ft2

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 6272
Number of Invalid Surfaces: 4299

Error Codes:

Error Code -103 reported for 4267 surfaces
Error Code -112 reported for 32 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 6272
Number of Invalid Surfaces: 4299

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:

xsect_4 PS LT.sli Ameren - Labadie Energy Center
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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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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
1 4.75637 690.387 -28.1939 Sanc;iﬁ 1 28 100.965 117.191 263.123  44.6008 218.523
Sand &
2 4.75637 1968.56 -24.7246 Silt 1 28 201.912 234.361 633.811 194.923 438.888
Sand &
3 475637 3049.68 -21.3499 Silt 1 28 264.546 307.061 899.32 323.702 575.618
Sand &
4 4.75637 3988.46 -18.0516 Silt 1 28 306.377 355.615 1100.72 433.784 666.935
Sand &
5 475637 4932.19 -14.8142 Silt 1 28 344.523 399.891 1289.43 539.221 750.205
Sand &
6 4.75637 5829.16 -11.6247 Silt 1 28 374.955 435.214 1453.92 637.276 816.64
Sand &
7 4.75637 6706.45 -8.47138 Silt 1 28 401.481 466.003 1604.42 729.876 874.542
Sand &
8 475637 7718.77 -5.34384 Silt 1 28 456.492 529.855 1787.32 792.69 994.632
Sand &
9 4.75637 8652.89 -2.23224 Silt 1 28 506.35 587.726 1941.12 837.65 1103.47
Sand &
10 4.75637 9439.36 0.872765 Silt 1 28 543.821 631.218 2051.73 866.469 1185.27
Sand &
11 4.75637 10078.5 3.98034 Silt 1 28 570.711 662.43 2123.15 879.176 1243.97
Sand &
12 4.75637 10569.2 7.09974 Silt 1 28 588.418 682.983 2158.28 875.662 1282.62
Sand &
13 4.75637 10909.2 10.2405 Silt 1 28 598.041 694.152 2159.3 855.663 1303.64
Sand &
14 475637 11116.1 13.4128 Silt 1 28 602.373 699.18 2131.85 818.759 1313.09
Sand &
15 4.75637 11259.2 16.6277 Silt 1 28 608.255 706.008 2090.27 764.347 1325.93
Sand &
16 4.75637 11246.3 19.8976 Silt 1 28 608.368 706.139 2017.79 691.611 1326.18
Sand &
17 4.75637 11056 23.2369 Silt 1 28 602.239 699.025 1912.27 599.476 1312.8
Sand &
18 4.75637 10675.4 26.6622 Silt 1 28 590.358 685.234 1773.4 486.539 1286.86
Lower
19 3.86184 8250.88 29.8515 il 40 33 717.028 832.262 1585.77 365.791 1219.98
Lower
20 3.86184 7743.21 32.8032 il 40 33 692.814 804.156 1416.22 239.52 1176.7
Lower
21 3.86184 7124.28 35.8567 Fill 40 33 667.317 774.561 1226.44 95.3168 1131.13
22 3.50111 5612.92 38.8786  Clay Fill 100 25 502.865 583.681 1037.26 0 1037.26
23 3.50111 4416.74 41.8801 Clay Fill 100 25 395.737 459.336 770.598 0 770.598
24 397654 333095 452575 Upp;ﬁ 1 30 242973 282.021  486.742 0  486.742
Upper
25 3.97654 115941 49.0817 il 1 30 80.7587 93.7374 160.626 0 160.626
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.15735
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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
. . Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
1 4.54755 656.938 -29.1127 Sanc;if; 1 28 70.7846  81.9226 191.075 38.8817 152.193
Sand &
2 454755 1877.27 -25.7105 Silt 1 28 156.377 180.983 527.04 188.542 338.498
Sand &
3 454755 2918.12 -22.4033 Silt 1 28 233.918 270.725 824.958 317.679 507.279
Sand &
4 454755 379297 -19.1733 Silt 1 28 298.611 345.597 1075.93 427.836 648.092
Sand &
5 454755 460393 -16.0057 Silt 1 28 355.663 411.627 1298.64 526.364 772.277
Sand &
6 4.54755 5397.17 -12.8877 Silt 1 28 406.18 470.093 1498.8 616.569 882.235
Sand &
7 454755 6175.52 -9.80823 Silt 1 28 443909 513.758 1670.51 706.153 964.357
Sand &
8 454755 6932.08 -6.75719 Silt 1 28 473.364 547.848 1812.98 784.511 1028.47
Sand &
9 454755 7818.8 -3.72534 Silt 1 28 522.749 605.004 1970.71 834.744 1135.97
Sand &
10 4.54755 8604.31 -0.70393 Silt 1 28 556.648 644.236 2079.66  869.909 1209.75
Sand &
11 4.54755 9258.85 2.31551 Silt 1 28 574.416 664.8 2138.53  890.099 1248.43
Sand &
12 454755 9782.14 5.34143 Silt 1 28 579.734 670.955 2155.28 895.28 1260
Sand &
13 4.54755 10172.8 8.38241 Silt 1 28 576.317 667.001 2137.86 885.291 1252.57
Sand &
14 454755 10428.1 11.4474 Silt 1 28 567.508 656.805 2093.23  859.837 1233.39
Sand &
15 4.54755 10556.6 14.5462 Silt 1 28 557.125 644.789 2029.27 818.474 1210.79
Sand &
16 4.54755 10629.1 17.6891 Silt 1 28 553.654 640.772 1963.83 760.591 1203.24
Sand &
17 4.54755 10567.8 20.8883 Silt 1 28 551.276 638.019 1883.43 685.377 1198.06
Sand &
18 4.54755 10345.6 24.1575 Silt 1 28 548.816 635.172 1784.48 591.775 1192.7
Sand &
19 4.54755 9950.66 27.5129 Silt 1 28 54597 631.878 1664.93 478.42 1186.51
Lower
20 5.61986 11457.8 31.3996 il 40 33 667.026 771.982 1451.68 324.528 1127.15
Lower
21 5.61986 10163.8 35.8869 Fill 40 33 642.809 743.955 1204.52 120.525 1084
22 3.40632 5360.67 39.6573  Clay Fill 100 25 505.311 584.822 1039.7 0 1039.7
23 3.40632 4265.52 42.6626  Clay Fill 100 25 408.938 473.284 800.511 0 800.511
24 392373 32788  46.0768 Upp;ﬁ 1 30 26322 304638 525916 0 525916
Upper
25 3.92373 1163.16 49.9789 il 1 30 914365 105.824 181.56 0 181.56

Interslice Data

xsect_4 PS LT.sli Ameren - Labadie Energy Center
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Global Minimum Query (spencer) - Safety Factor: 1.16071

Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]

1 -105.454 472.166 0 0 0
2 -100.698 469.616 1062.7 312.552 16.3892
3 -95.9417 467.426 3157.99 928.799 16.3892
4 -91.1854 465.567 5695.36 1675.07 16.3892
5 -86.429 464.017 8344 .48 24542 16.3892
6 -81.6726 462.759 10968.6 3225.98 16.3892
7 -76.9162 461.78 13421.8 3947.51 16.3892
8 -72.1599 461.072 15601.5 4588.58 16.3892
9 -67.4035 460.627 17570.6 5167.7 16.3892
10 -62.6471 460.442 19220.7 5653.03 16.3892
11 -57.8907 460.514 20438.8 6011.27 16.3892
12 -53.1344 460.845 21148 6219.86 16.3892
13 -48.378 461.438 21302 6265.15 16.3892
14 -43.6216 462.297 20880.8 6141.28 16.3892
15 -38.8652 463.431 19890.8 5850.11 16.3892
16 -34.1089 464.851 18359.2 5399.64 16.3892
17 -29.3525 466.573 16325.2 4801.4 16.3891
18 -24.5961 468.615 13855.1 4074.94 16.3892
19 -19.8397 471.004 11047.8 3249.26 16.3891
20 -15.9779 473.22 9237.39 2716.81 16.3891
21 -12.1161 475.709 7388.7 21731 16.3892
22 -8.25422 478.5 5623.75 1654 16.3891
23 -4.75311 481.323 3731.52 1097.48 16.3892
24 -1.25201 484.462 2127.69 625.778 16.3892
25 2.72454 488.475 710.535 208.976 16.3892
26 6.70108 493.062 0 0 0

Global Minimum Query (gle/ morgenstern-price) - Safety Factor: 1.15735
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]
1 -107.759 472.229 0 0 0
2 -103.211 469.697 720.995 32.3931 2.57247
3 -98.6639 467.507 2343.45 208.873 5.09335
4 -94.1163 465.633 4576.39 603.591 7.51351
5 -89.5688 464.051 7145.15 1232.7 9.78846
6 -85.0212 462.747 9861.15 2074.44 11.8798
7 -80.4737 461.706 12569.7 3077.14 13.7558
8 -75.9261 460.92 15102.7 4157.65 15.3918
9 -71.3785 460.381 17335.1 5223.57 16.7691
10 -66.831 460.085 19283.9 6218.97 17.8743
11 -62.2834 460.029 20817.8 7045.76 18.6983
12 -57.7359 460.213 21838 7620.03 19.2356
13 -53.1883 460.638 22291.3 7886.21 19.4827
14 -48.6408 461.309 22162.1 7821.16 19.4383
15 -44.0932 462.229 21464 .5 7433.84 19.1026
16 -39.5457 463.409 20236 6762.03 18.4775
17 -34.9981 464.86 18528.5 5865.85 17.567
18 -30.4506 466.595 16397.8 4819.21 16.3777
19 -25.903 468.635 13913.6 3707.33 14.92
20 -21.3554 471.004 11163.9 2620.26 13.2087
21 -15.7356 474.434 8450.4 1608.08 10.7744
22 -10.1157 478.5 5850.71 826.071 8.03656
23 -6.7094 481.324 3942.53 432.306 6.25759
24 -3.30308 484.463 2270.71 175.11 4.40974
25 0.620652 488.537 736.613 28.5746 2.2215
26 4.54439 493.21 0 0 0
List Of Coordinates
Water Table
X Y
-250 471.47
-162.22 471.12
-89.2 471.72
-81.54 472.18
-74.04 473.19
0 4795
30.13 484.45
250 484.45

External Boundary

xsect_4 PS LT.sli
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SCH

X Y
-8.63  493.19
-9.48 492.66
-34.6222 484.475
-41.61 4822
-54.9275 4785
-74.04 473.19
-81.54 472.18
-85.3128 471.953
-89.2 471.72

-113.25 47238
-147.31 472
-162.22 471.12
-183.37 471.47

-250 471.47
-250 400
250 400
250 410
250 411.16
250 484.45
30.13 484.45
14.93 492.5
0 493,52

Material Boundary

X Y
30.13 484.45
42.0276 478.5
57.0175 471.004
179 410
250 410

Material Boundary

X Y
-34.6222 484.475
30.13 484.45

Material Boundary

X Y
-54.9275 478.5
42.0276 478.5

Material Boundary

X Y
-84.9558 471.72
-78.55 471.004
57.0175 471.004

xsect_4 PS LT.sli Ameren - Labadie Energy Center
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Material Boundary

X

-84.9558

Y

-85.3128 471.953

471.72

xsect_4 PS LT.sli
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Slide Analysis Information

Periodic Safety Factor Assessment

Project Summary
File Name: xsect_4 POST EQ
Slide Modeler Version: 6.035
Project Title: Periodic Safety Factor Assessment
Analysis: Liquefaction
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 4 - Bottom Ash Pond
J. Gilliam
General Settings

Units of Measurement:
Time Units:
Permeability Units:
Failure Direction:

Data Output:

Maximum Material Properties:

Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:
Tolerance:

Maximum number of iterations:

Check malpha < 0.2:
Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

xsect_4 POST EQ.sli

Ameren - Labadie Energy Center
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Water Surfaces
62.4
Yes

Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:
Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]: 0

Advanced Groundwater Method: None
Random Numbers
Pseudo-random Seed: 10116

Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled
Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined
Minimum Area: Not Defined
Minimum Weight: Not Defined
Seismic
Advanced seismic analysis: No

Staged pseudostatic analysis: No

Material Properties
Property Upper Fill Clay Fill Lower Fill Sand & Silt LiQ1 LiQ2 Bottom Ash

Color L1 O L] O O O []
Strength Type Mohr-Coulomb Undrained Mohr-Coulomb Mohr-Coulomb Undrained Undrained Mohr-Coulomb
Unit Weight [lbs/ft3] 120 120 120 120 120 120 120
Cohesion [psf] 1 40 1 1
Friction Angle [deg] 30 33 28 20
Cohesion Type 1200 230 370

Water Surface Water Table None Water Table Water Table None None Water Table
Hu Value 1 1 1 1
Ru Value 0 0 0

Global Minimums

Method: spencer

xsect_4 POST EQ.sli

Ameren - Labadie Energy Center
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FS 1.295320
Center: -48.199, 531.825
Radius: 74.376

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:

Resisting Moment:
Driving Moment:

Resisting Horizontal Force:
Driving Horizontal Force:

Total Slice Area:

FS
Center:
Radius:

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:

Resisting Moment:
Driving Moment:

Resisting Horizontal Force:
Driving Horizontal Force:

Total Slice Area:

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces:
Number of Invalid Surfaces:

-92.116, 471.800
14.930, 492.500
4.27055e+006 Ib-ft
3.29692e+006 Ib-ft
48058.8 Ib
371019 Ib

1902.08 ft2

Method: gle/morgenstern-price

1.292080
-48.199, 531.825
74.376
-92.116, 471.800
14.930, 492.500
4.25988e+006 Ib-ft
3.29692e+006 Ib-ft
47910.4 b
37080.1 Ib
1902.08 ft2

961
0

Method: gle/morgenstern-price

Number of Valid Surfaces:
Number of Invalid Surfaces:

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.29532

961
0

xsect_4 POST EQ.sli
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Slice
Number

w

© 00 N O U b

10
11
12
13
14
15
16
17
18

19

20

21

22

23

24

25

Width
[ft]

4.46572

4.46572

4.46572

3.9695
3.9695
3.9695
3.9695
3.9695
3.9695
3.9695
5.46631
3.9695
3.9695
3.9695
3.9695
3.9695
3.9695
3.9695

4.09576

4.09576

4.09576

452014

4.52014
5.49445

5.78712

Weight
[lbs]

790.292

2392.03

3850.83

4597.74
5667.63
6792.19
7807.01
8712.58
9512.47
10209.1
15001.4
11457.9
11859.6
12200.6
12435.9

12562

12574
12465.6

12611.4

12205.6

11560.9

11213.5

9189.05
7650.93

2929.66

Angle
of Slice
Base
[degrees]

-34.1126
-30.047

-26.143

-22.5705
-19.2943
-16.0827
-12.9224
-9.80166
-6.71015
-3.63822
0
3.63822
6.71015
9.80166
12.9224
16.0827
19.2943
22.5705

25.9818
29.5508
33.2514
37.3283

41.8566
47.3181

54.2606

Base
Material

Sand &
Silt
Sand &
Silt
Sand &
Silt
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
Sand &
Silt
Sand &
Silt
Sand &
Silt
Lower
Fill
Lower
Fill
Clay Fill

Upper
Fill

Base
Cohesion

[psf]

230
230
230
230
230
230
230
230
230
230
230
230
230
230
230

40

40

1200

Base
Friction
Angle
[degrees]

28

28

N
O O O OO 0O OO OO0 O0OO0OOoOOoOOoO o™

N
(o]

N
(¢

28

33

33

30

Shear
Stress
[psf]

110.259
310.176

471.844

177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562
177.562

829.324
799.308
757.086
798.801

668.432
926.412

135.711

Shear
Strength
[psf]

142.821
401.777

611.189

230
230
230
230
230
230
230
230
230
230
230
230
230
230
230

1074.24
1035.36
980.668

1034.7

865.833
1200

175.789

Base
Normal
Stress

[psf]

266.727
753.753

1147.6

1268.59
1526.83
1798.32
2040.92
225491
2441.33
2600.94
2753.52
2874.93
2957.96
3025.05
3064.91
3076.72
3059.26
3010.99

2650.6
2494.55
2287.28
1839.66

1402.91
411.219

302.743

Pore
Pressure

[psf]

o

O O OO O 0O OO OO o oo oo

632.128

549.213

444,789

307.952

131.241

0

0

Effective
Normal
Stress

[psf]
266.727

753.753

1147.6

1268.59
1526.83
1798.32
2040.92
225491
2441.33
2600.94
2753.52
2874.93
2957.96
3025.05
3064.91
3076.72
3059.26
3010.99

2018.47
1945.34
1842.49
1531.71

1271.67
411.219

302.743

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

xsect_4 POST EQ.sli
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S
Slice Width
Number [ft]
1 4.46572
2 4.46572
3 4.46572
4 3.9695
5 3.9695
6 3.9695
7 3.9695
8 3.9695
9 3.9695
10 3.9695
11 5.46631
12 3.9695
13 3.9695
14 3.9695
15 3.9695
16  3.9695
17 3.9695
18 3.9695
19 4.09576
20 4.09576
21 4.09576
22 452014
23 4.52014
24 5.49445
25 5.78712

Weight
[lbs]

790.292

2392.03

3850.83

4597.74
5667.63
6792.19
7807.01
8712.58
9512.47
10209.1
15001.4
11457.9
11859.6
12200.6
12435.9

12562

12574
12465.6

12611.4

12205.6

11560.9

11213.5

9189.05
7650.93

2929.66

Angle
of Slice
Base
[degrees]

-34.1126
-30.047

-26.143

-22.5705
-19.2943
-16.0827
-12.9224
-9.80166
-6.71015
-3.63822
0
3.63822
6.71015
9.80166
12.9224
16.0827
19.2943
22.5705

25.9818
29.5508
33.2514
37.3283

41.8566
47.3181

54.2606

Base
Material

Sand &
Silt
Sand &
Silt
Sand &
Silt
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
LQ1
Sand &
Silt
Sand &
Silt
Sand &
Silt
Lower
Fill
Lower
Fill
Clay Fill

Upper
Fill

Base
Cohesion

[psf]

230
230
230
230
230
230
230
230
230
230
230
230
230
230
230

40

40

1200

Base
Friction
Angle
[degrees]

28

28

N
O O O OO 0O OO OO0 O0OO0OOoOOoOOoO o™

N
(o]

N
(¢

28

33

33

30

Shear
Stress
[psf]

103.357
297.953

462.528

178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008
178.008

827.162
798.681
758.988
802.977

675.102
928.735

139.145

Shear
Strength
[psf]

133.545
384.979

597.623

230
230
230
230
230
230
230
230
230
230
230
230
230
230
230

1068.76
1031.96
980.673
1037.51

872.286
1200

179.786

Base
Normal
Stress

[psf]

249.281
722.159

1122.08

1269.4
1535.54
1813.97
2061.84

2278.7
2465.26
2622.29
2768.78
2881.92
2957.18
3016.78
3050.43
3058.23
3039.93
2994.73

2640.31
2488.16
2287.28
1843.99

1412.85
392.43

309.667

Pore
Pressure

[psf]

o

O O OO O 0O OO OO o oo oo

632.128

549.213

444,789

307.952

131.241

0

0

Effective
Normal
Stress

[psf]
249.281

722.159

1122.08

1269.4
1535.54
1813.97
2061.84

2278.7
2465.26
2622.29
2768.78
2881.92
2957.18
3016.78
3050.43
3058.23
3039.93
2994.73

2008.18
1938.95
1842.49
1536.04

1281.61
392.43

309.667

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.29532
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Slice
Number

O© 00 N O U B W N P

[ N S =
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26

X

coordinate

[ft]
-92.1156
-87.6499
-83.1842
-78.7185
-74.749
-70.7795
-66.81
-62.8405
-58.871
-54.9015
-50.932
-45.4656
-41.4961
-37.5266
-33.5571
-29.5876
-25.6181
-21.6486
-17.6791
-13.5834
-9.48761
-5.39184
-0.871707
3.64843
9.14288
14.93

Y Interslice Interslice

coordinate - Bottom Normal Force Shear Force
[ft] [Ibs] [Ibs]

471.8 0 0
468.775 1299.88 67.1612
466.192 4633.96 239.424
464 9259.3 478.402
462.35 12058.2 623.012
460.96 14885.7 769.103
459.816 17649.6 911.903
458.905 20214.2 1044.41
458.219 22466.3 1160.77
457.752 24312.2 1256.14
457.5 25674.5 1326.53
457.5 26646.4 1376.74
457.752 26626.5 1375.72
458.219 25950.8 1340.81
458.905 24582.1 1270.09
459.816 22496.5 1162.33
460.96 19681.1 1016.87
462.35 16135.6 833.678
464 11873.4 613.463
465.996 9983.96 515.842
468.318 7469.56 385.931
471.004 4432.18 228.998
474.45 1706.47 88.1682
478.5 -949.204 -49.0427
484.458 1697.65 87.7126
492.5 0 0

Interslice
Force Angle
[degrees]

0

2.95768
2.95769
2.95768
2.95768
2.95768
2.95767
2.95768
2.95768
2.95767
2.95768
2.95767
2.95769
2.95769
2.95769
2.95768
2.95769
2.95767
2.95767
2.95768
2.95768
2.95768
2.95767
2.95768
2.95768

0

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

xsect_4 POST EQ.sli

Ameren - Labadie Energy Center
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]

1 -92.1156 471.8 0 0 0

2 -87.6499 468.775 1215.78 10.1694 0.47924

3 -83.1842 466.192 4412.28 73.1797 0.95019

4 -78.7185 464 8938 219.177 1.40472

5 -74.749 462.35 11739.3 366.59 1.78863

6 -70.7795 460.96 14580 546.895 2.14815

7 -66.81 459.816 17362.8 751.527 2.47843

8 -62.8405 458.905 19947.5 966.87 2.775

9 -58.871 458.219 22217 1177.52 3.03389

10 -54.9015 457.752 24075.2 1367.76 3.25159

11 -50.932 457.5 25443 .9 1522.9 3.42525

12 -45.4656 457.5 26417.3 1656.54 3.58813

13 -41.4961 457.752 26396.8 1683.38 3.64893

14 -37.5266 458.219 25722 .5 1645.55 3.6604

15 -33.5571 458.905 24360.6 1542.19 3.62237

16 -29.5876 459.816 22289.2 1377.07 3.53535

17 -25.6181 460.96 19496.1 1158.46 3.40052

18 -21.6486 462.35 15978.5 898.827 3.21962

19 -17.6791 464 11744.2 614.481 2.9951

20 -13.5834 465.996 9863.11 468.736 2.72089

21 -9.48761 468.318 7357.76 309.322 2.40731

22 -5.39184 471.004 4325.09 155.485 2.05887

23 -0.871707 474.45 1599.79 45.8013 1.63991

24 3.64843 478.5 -1068.94 -22.2408 1.19195

25 9.14288 484.458 1697.59 18.3652 0.619824

26 14.93 492.5 0 0 0

List Of Coordinates
Water Table
Y
-250 464

-146.396 464
-91.1625 464
-70.49 464.736
-60.057 465.983
-43.627 469.453
4.923 479.295
30.13 484.45

250 48445

External Boundary

xsect_4 POST EQ.sli

Ameren - Labadie Energy Center
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SCH

X Y
-8.63  493.19
-9.48 492.66
-34.6222 484.475
-41.61 4822
-54.9275 4785
-74.04 473.19
-81.54 472.18
-85.3128 471.953
-89.2 471.72

-113.25 47238
-147.31 472
-162.22 471.12
-183.37 471.47

-250 471.47
-250 464
-250 458
-250 457.5
-250 452
-250 450.5
-250 450
-250 445
-250 4445
-250 443
-250 400
250 400
250 410
250 411.16
250 48445
30.13 484.45
14.93 492.5
0 49352

Material Boundary

X Y
30.13 484.45
42.0276 478.5
57.0175 471.004
71.0218 464
83.0193 458
84.0191 457.5
95.0169 452
98.0163 450.5
99.0161 450
109.014 445
110.014 4445
113.013 443
179 410
250 410

Material Boundary
I I

xsect_4 POST EQ.sli Ameren - Labadie Energy Center
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el
X Y
-34.6222 484.475
30.13 484.45

Material Boundary

X Y
-54.9275 478.5
42.0276 478.5

Material Boundary

X Y
-84.9558 471.72
-78.55 471.004
57.0175 471.004

Material Boundary

X Y
-85.3128 471.953
-84.9558 471.72

Material Boundary

X Y
-250 464
71.0218 464

Material Boundary

X Y
-250 457.5
84.0191 457.5

Material Boundary

X Y
-250 450.5
98.0163 450.5

Material Boundary

X Y
-250 4445
110.014 4445

xsect_4 POST EQ.sli

Ameren - Labadie Energy Center
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Project Summary

File Name: xsect_2
Slide Modeler Version: 6.035

Slide Analysis Information

Periodic Safety Factor Assessment

Project Title: Periodic Safety Factor Assessment
Analysis: Static, Maxium Storage Pool
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 2 - Fly Ash Pond
J. Gilliam
General Settings

Units of Measurement:

Time Units:

Permeability Units:

Failure Direction:

Data Output:

Maximum Material Properties:
Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2:

Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

xsect_2.sli

Ameren - Labadie Energy Center
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

Reverse Curvature:

Minimum Elevation: Not Defined
Minimum Depth: Not Defined
Minimum Area: Not Defined
Minimum Weight: Not Defined

Seismic

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Create Tension Crack

Advanced seismic analysis: No
Staged pseudostatic analysis: No
Material Properties
Property Upper Fill Middle Fill Lower Fill Clay Silt and Clay Sand Fly Ash
Color ] L] ] L] ] 1 ©
Mohr- Mohr- Mohr- Mohr-
Strength Type Coulomb Coulomb Coulomb Coulomb Mohr-Coulomb Mohr-Coulomb No strength
fli_:;t Weight [Ibs/ 115 118 120 120 120 120 112
Cohesion [psf] 1 5 1 0 1 1
Friction Angle [deg] 25 28 29 25 25 31
Water Surface Water Table Water Table Water Table Water Table Water Table Water Table None
Hu Value 1 1 1 1 1 1
Ru Value 0
Global Minimums

Method: spencer

xsect_2.sli

Ameren - Labadie Energy Center



SLIDEINTERPRET 7.018
DO

e, Periodic Safety Factor Assessment: Page 3 of 9
FS 1.637960
Center: -86.107, 536.093
Radius: 80.329

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:

Driving Moment:

Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

-121.127, 463.800
-20.165, 490.218
4.43418e+006 Ib-ft
2.70714e+006 Ib-ft
50291.7 Ib
30703.9 Ib

1136.85 ft2

Method: gle/morgenstern-price

FS
Center:
Radius:
Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:
Driving Moment:
Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces:
Number of Invalid Surfaces:

1.637650
-86.107, 546.319
90.487
-123.234, 463.800
-13.533,492.273
5.57784e+006 |b-ft
3.40601e+006 Ib-ft
56380.3 |b
344276 Ib
1258.43 ft2

7436
0

Method: gle/morgenstern-price

Number of Valid Surfaces:
Number of Invalid Surfaces:

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.63796

7436
0

xsect_2.sli
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S
Angle Base Base Effective
Slice Width Weight of Slice Base Bas? Friction S S Normal Pore Normal
) Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
43819 516.165 -24.134 Clay 0 25 259356 424814 152.355 61.2532 91.1017
43819 1468.81 -20.75 Clay 0 25 69.1201 113.216 417.096 174.303 242.793
43819 2267.21 -17.4404 Clay 0 25 100.468 164.563 621.957 269.05 352.907
4 397726 2710.54 -14.338 Slltglr;s 1 25 129.759 212.54 797.366 343.718 453.648
Silt and
5 397726 3466.88 -11.4265 Clay 1 25 171.012 280.111 999.072 400.517 598.555
Silt and
6 397726 431445 -8.54481 Clay 1 25 221.182 362.288 1219.03 444.242 774.785
Silt and
7 397726 5085.19 -5.68475 Clay 1 25 265.796 435.364 1406.74 475.239 931.497
Silt and
8 397726 5760.39 -2.83887 Clay 1 25 303.943 497.846 1559.23  493.745 1065.49
Silt and
9 397726 6341.11 0 Clay 1 25 336.318 550.876 1679.11 499.899 1179.21
Silt and
10 397726 6830.94 2.83887 Clay 1 25 363.726 595.768 1769.23  493.745 1275.49
Silt and
11 397726 7291.81 5.68475 Clay 1 25 391.141 640.674 1847.03 475.239 1371.79
Silt and
12 397726 7675.87 8.54481 Clay 1 25 415.232 680.134 1900.65 444.242 1456.41
Silt and
13 397726 7959.59 11.4265 Clay 1 25 434771 712.037 1925.34 400.517 1524.82
Silt and
14 397726 8143.31 14.338 Clay 1 25 450.056 737.174 1922.45 343.718 1578.73
15 4.0314 8335.22 17.3082 Clay 0 25 460.942 755.004 1891.92 272.804 1619.11
16 4.0314 8304.81 20.3479 Clay 0 25 468.703 767.717 1833.34 186.961 1646.37
17 4.0314 8155.3 23.4489 Clay 0 25 472.781 774.396 1746.46 85.7571 1660.7
18 4.72943 9199.65  26.908 Lovﬁlrl 1 29 54274 888987  1601.97 0  1601.97
Lower
19 4.72943 8593.78 30.763 il 1 29 486.317 796.567 1435.24 0 1435.24
Lower
20 4.72943 7723.89 34.7802 il 1 29 417.875 684.463 1233 0 1233
Middle
21 4.19354 5876.04 38.7523 il 5 28 332.248 544.209 1014.1 0 1014.1
Middle
22 4.19354 4728.58 42.706 Fill 5 28 255.269 418.121 776.969 0 776.969
Middle
23 4.19354 3303.91 46.9322 il 5 28 169.483 277.607 512.699 0 512.699
Middle
24 4.19354 1525.28 51.5275 il 5 28 74.5342 122.084 220.203 0 220.203
Upper
25 1.00967 64.1768 54,553 il 1 25 10.6796 17.4927 35.3686 0 35.3686
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63765

xsect_2.sli Ameren - Labadie Energy Center
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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
) Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
47146 555.334 -22.6069 Clay 0 25 19.274 315641 128.94 61.2509 67.6896
47146 1580.51 -19.4071 Clay 0 25 56.9609 93.282 374.367 174.323 200.044
47146 2439.55 -16.2692 Clay 0 25 90.5596 148.305 587.113 269.072 318.041
4 417878 2795.66 -13.3543 Slltglr;s 1 25 120.947 198.069 765.566 342.95 422.616
Siltand
5 4.17878 3540.27 -10.6481 Clay 1 25 163.868 268.359 971.769 398.414 573.355
Siltand
6 4.17878 4423.15 -7.96577 Clay 1 25 219.408 359.313 1209.58 441.171 768.404
Silt and
7 4.17878 5256.08 -5.30096 Clay 1 25 271.584 444.759 1423.16 471.512 951.645
Siltand
8 417878 5990.84 -2.64764 Clay 1 25 315.958 517.428 1597.12 489.638 1107.48
Silt and
9 417878 6628.4 0 Clay 1 25 352.456 577.199 1731.33 495.667 1235.66
Siltand
10 4.17878 7174.45 2.64764 Clay 1 25 381.81 625.271 1828.39 489.638 1338.75
Silt and
11 4.17878 7697.85 5.30096 Clay 1 25 409.54 670.683 1907.65 471.512 1436.14
Siltand
12 4.17878 8138.84 7.96577 Clay 1 25 432.08 707.596 1956.47 441.171 1515.3
Silt and
13 4.17878 8477.62 10.6481 Clay 1 25 449.126 735.511 1973.58 398.414 1575.17
Silt and
14 417878 8714.3 13.3543 Clay 1 25 461.873 756.386 1962.88 342.95 1619.93
15 4.3373 9181.67 16.1439 Clay 0 25 470.789 770.988 1926.22 272.829 1653.39
16 4.3373 9200.85 19.0262 Clay 0 25 477.854 782.558 1865.19 186.992 1678.2
17 4.3373 9091.64 21.9597 Clay 0 25 482.862 790.759 1781.55 85.7636 1695.79
18 511147 10383.1 252297 Lovﬁlrl 1 29 558.861 915.219 1649.3 0 1649.3
Lower
19 5.11147 9799.15 28.8671 il 1 29 507.463 831.046 1497 .44 0 1497 .44
Lower
20 5.11147 8904.68 32.6374 il 1 29 445,708 729.913 1314.99 0 1314.99
Middle
21 4.63073 7050.24 36.3808 il 5 28 367.817 602.355 1123.46 0 1123.46
Middle
22 4.63073 5836.03 40.1197 Fill 5 28 298.712 489.186 910.621 0 910.621
Middle
23 4.63073 4321.89 44.0785 il 5 28 218.175 357.295 662.569 0 662.569
Middle
24 4.63073 2439.88 48.3252 il 5 28 122.383 200.42 367.532 0 367.532
Upper
25 2.7206 411.452 51.9277 il 1 25 314809 51.5547 108.415 0 108.415

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.63796

xsect_2.sli Ameren - Labadie Energy Center
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Slice
Number

O© 00 N O U B W N P

[ N S =
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26

X
coordinate
[ft]
-121.127
-116.745
-112.363
-107.982
-104.004
-100.027
-96.0498
-92.0725
-88.0952
-84.118
-80.1407
-76.1634
-72.1862
-68.2089
-64.2317
-60.2003
-56.1689
-52.1375
-47.408
-42.6786
-37.9492
-33.7556
-29.5621
-25.3686
-21.175
-20.1654

Y Interslice Interslice

coordinate - Bottom Normal Force Shear Force
[ft] [Ibs] [Ibs]

463.8 0 0
461.837 412.722 103.756
460.177 1407.95 353.951
458.8 2704.24 679.831
457.783 4030.77 1013.31
456.98 5513.85 1386.15
456.382 7121.76 1790.37
455,986 8735.52 2196.06
455.789 10251.5 2577.17
455.789 11588.7 2913.34
455.986 12686 3189.19
456.382 13509.9 3396.32
456.98 14025.1 3525.83
457.783 14205.8 3571.26
458.8 14040.9 3529.8
460.056 13521.8 3399.3
461.551 12669.7 3185.09
463.3 11521.2 2896.37
465.7 10242.2 2574.83
468.515 8501.06 2137.12
471.8 6426.83 1615.67
475.166 4406.28 1107.71
479.036 2469.18 620.739
483.523 879.547 221.113
488.8 29.96 7.53178
490.218 0 0

Interslice
Force Angle
[degrees]

0

14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114
14.1114

0

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63765
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]
1 -123.234 463.8 0 0 0
2 -118.519 461.837 343.975 14.7302 2.45211
3 -113.805 460.176 1234.24 104.747 4.85093
4 -109.09 458.8 2468.88 309.516 7.14572
5 -104.911 457.808 3733.59 595.053 9.05554
6 -100.732 457.022 5181.64 990.264 10.8193
7 -96.5536 456.438 6805.53 1497.95 12.4133
8 -92.3748 456.05 8491.88 2088.64 13.818
9 -88.196 455.857 10120.4 2715.2 15.0182
10 -84.0172 455.857 11592.8 3324.62 16.002
11 -79.8384 456.05 12834.6 3865.43 16.7609
12 -75.6596 456.438 13805.8 4297.14 17.2891
13 -71.4809 457.022 14466.8 4584 .35 17.5828
14 -67.3021 457.808 14792.5 4703.79 17.6399
15 -63.1233 458.8 14774.8 4647.19 17.4602
16 -58.786 460.055 14397.8 4408.56 17.0244
17 -54.4487 461.551 13680.1 4010.18 16.338
18 -50.1114 463.3 12658.1 3488.16 15.4065
19 -44.9999 465.709 11541.6 2878.82 14.0055
20 -39.8885 468.526 9915.1 2161.09 12.2959
21 -34.777 471.8 7887.85 1434 .22 10.3053
22 -30.1463 475.212 5757.72 838.963 8.29028
23 -25.5155 479.114 3587.18 383.961 6.10951
24 -20.8848 483.598 1626.15 108.112 3.80362
25 -16.2541 488.8 280.8 6.95312 1.41846
26 -13.5335 492.273 0 0 0
List Of Coordinates
Water Table
X Y
-250 463.8
150 463.8

Focus Search Line

X
-78
-78

Y
449
467

External Boundary

xsect_2.sli

Ameren - Labadie Energy Center
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X Y
-8.81 492.89
-12.64 492.55
-24.7427 488.8
-41.17 483.71
-76.5298 472
-77.1337 471.8
-81.18 470.46
-102.38 464.5
-107 463.8
-250 463.8
-250 458.8
-250 454.8
-250 400
150 400
150 454.8
150 458.8
150 460
150 484.45
37.12 484.45
22.5371 488.8
8.39 493.02
0 4929

Material Boundary

X Y
37.12 484.45
73.7826 472
743715 471.8
97.9298 463.8
99.4022 463.3
109.12 460
150 460

Material Boundary

X Y
-24.7427 488.8
22.5371 488.8

Material Boundary

X Y
-77.1337 471.8
743715 471.8

Material Boundary

X Y
-107 463.3
-107 463.8

xsect_2.sli

Ameren - Labadie Energy Center
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Material Boundary

X Y
-107 463.3
99.4022 463.3

Material Boundary

X Y
-250 458.8
150 458.8

Material Boundary

X Y
-250 454.8
150 454.8

xsect_2.sli Ameren - Labadie Energy Center
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Load Case: Static, Maxium Surcharge Pool
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Project Number: 2015012432

AnaysisBy: J. Bertel
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Figure:
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S5
Slide Analysis Information
Periodic Safety Factor Assessment
Project Summary
File Name: max. xsect_2

Slide Modeler Version: 6.035

Project Title: Periodic Safety Factor Assessment
Analysis: Static, Maxium Surcharge Pool
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 2 - Fly Ash Pond
J. Gilliam
General Settings
Units of Measurement: Imperial Units
Time Units: seconds
Permeability Units: feet/second
Failure Direction: Right to Left
Data Output: Standard

Maximum Material Properties: 20
Maximum Support Properties: 20

Analysis Options

Slices Type:

Analysis Methods Used
GLE/Morgenstern-Price with interslice force function:

Number of slices:

Tolerance:

Maximum number of iterations:
Check malpha < 0.2:

Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

max. xsect_2.sli

Ameren - Labadie Energy Center
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

Reverse Curvature:

Minimum Elevation: Not Defined
Minimum Depth: Not Defined
Minimum Area: Not Defined
Minimum Weight: Not Defined

Seismic

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Create Tension Crack

Advanced seismic analysis: No
Staged pseudostatic analysis: No
Material Properties
Property Upper Fill Middle Fill Lower Fill Clay Silt and Clay Sand Fly Ash
Color ] L] ] L] ] 1 ©
Mohr- Mohr- Mohr- Mohr-
Strength Type Coulomb Coulomb Coulomb Coulomb Mohr-Coulomb Mohr-Coulomb No strength
fli_:;t Weight [Ibs/ 115 118 120 120 120 120 112
Cohesion [psf] 1 5 1 0 1 1
Friction Angle [deg] 25 28 29 25 25 31
Water Surface Water Table Water Table Water Table Water Table Water Table Water Table None
Hu Value 1 1 1 1 1 1
Ru Value 0
Global Minimums

Method: spencer

max. xsect_2.sli

Ameren - Labadie Energy Center
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FS 1.637240
Center: -86.320, 539.120
Radius: 83.833

Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:

Driving Moment:

Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

-123.129, 463.800
-17.681, 490.988
4.94721e+006 Ib-ft
3.02169e+006 Ib-ft
53775.6 Ib
328453 b

1225.33 ft2

Method: gle/morgenstern-price

FS
Center:
Radius:
Left Slip Surface Endpoint:
Right Slip Surface Endpoint:
Resisting Moment:
Driving Moment:
Resisting Horizontal Force:
Driving Horizontal Force:
Total Slice Area:

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces:
Number of Invalid Surfaces:

1.637730
-86.320, 543.600
88.139
-123.744, 463.800
-14.993, 491.821
5.39866e+006 |b-ft
3.29642e+006 Ib-ft
558939 |b
34128.8 Ib
1262.8 ft2

7436
0

Method: gle/morgenstern-price

Number of Valid Surfaces:
Number of Invalid Surfaces:

Slice Data

Global Minimum Query (spencer) - Safety Factor: 1.63724

7436
0

max. xsect_2.sli

Ameren - Labadie Energy Center
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S
Angle Base Base Effective
Slice Width Weight of Slice Base Bas? Friction S S Normal Pore Normal
) Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
426475 496.038 -24.4439 Clay 0 25 25.6364 419729 150.493 60.4818 90.0112
426475 1417.08 -21.2786 Clay 0 25 68.8897 112.789 41466 172.784 241.876
4.26475 2200.47 -18.1803 Clay 0 25 101.115 165.549 623.324 268.303 355.021
4 436636 2938.15 -15.1006 Slltglr;s 1 25 126.165 206.563 789.59 348.759 440.831
Silt and
5 4.36636 3740.79 -12.0291 Clay 1 25 162.294  265.715 982.23 414.548 567.682
Silt and
6 4.36636 4708.6 -8.99254 Clay 1 25 213.206 349.07 1211.57 465.135 746.439
Silt and
7 4.36636 5652.65 -5.98127 Clay 1 25 26347 431.364 1423.89 500.967 922.919
Silt and
8 4.36636 6475.36 -2.98655 Clay 1 25 306.184 501.296 1595.24 522.348 1072.89
Silt and
9 436636 7178.22 0 Clay 1 25 342.203 560.268 1728.81 529.456 1199.35
Silt and
10 4.36636 7767.68 2.98655 Clay 1 25 372.612 610.056 1828.47 522.348 1306.13
Silt and
11 4.36636 8318.56 5.98127 Clay 1 25 402.909 659.659 1913.47 500.967 1412.5
Silt and
12 4.36636 8765 8.99254 Clay 1 25 428.941 702.279 1969.03 465.135 1503.9
Silt and
13 4.36636 9085.25 12.0291 Clay 1 25 449.789 736.412 1991.64 414.548 1577.1
Silt and
14 4.36636 9277.85 15.1006 Clay 1 25 465.912 762.81 1982.47 348.759 1633.71
15 391767 8381.45 18.0544 Clay 0 25 476.563 780.248 19454 272.156 1673.25
16 391767 8329.46 20.8958 Clay 0 25 483.576 791.73 1883.52 185.647 1697.87
17 391767 8171.64 23.7923 Clay 0 25 487.263 797.767 1795.91 85.0907 1710.82
18 473079 9490.51  27.0714 Lovﬁlrl 1 29 55931 915725  1650.21 0 1650.21
Lower
19 4.73079 8879.27 30.769 il 1 29 502.907 823.38 1483.61 0 1483.61
Lower
20 4.73079 7998.36 34.6156 il 1 29 434.051 710.646 1280.24 0 1280.24
Middle
21 4.27281 6235.05 38.4449 il 5 28 347.773 569.388 1061.46 0 1061.46
Middle
22 4.27281 5067.87 42.2836 Fill 5 28 270.348 442.624 823.051 0 823.051
Middle
23 4.27281 3625.03 46.3743 il 5 28 184.114 301.438 557.518 0 557.518
Middle
24 4.27281 1829.02 50.8021 il 5 28 88.4586 144.828 262.979 0 262.979
Upper
25 1.58761 154.842 54.0369 il 1 25 16.8777 27.6328 57.1143 0 57.1143
Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.63773

max. xsect_2.sli Ameren - Labadie Energy Center
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S
Angle Base Base Effective
Slice Width  Weight of Slice Base Bas? Friction S S Normal Pore Normal
) Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
446393 520.911 -23.5422 Clay 0 25 19.1876 314241 128.07 60.6805 67.3893
446393 1486.73 -20.4111 Clay 0 25 56.8217 93.0586 372.752 173.188 199.564
446393 2304.99 -17.3426 Clay 0 25 90.7897 148.689 587.371 268.507 318.864
4 436943 2924.26 -14.3563 Slltglr;s 1 25 120.666 197.618 768.541 346.892 421.649
Siltand
5 4.36943 3698.84 -11.441 Clay 1 25 161.654 264.746 974.979 409.374 565.605
Siltand
6 4.36943 4646.16 -8.55559 Clay 1 25 217.707 356.545 1219.94 457.473 762.468
Silt and
7 4.36943 5576.75 -5.69189 Clay 1 25 273.055 447.191 1448.43 491.57 956.86
Siltand
8 4.36943 6391.88 -2.84242 Clay 1 25 319.479 523.22 1631.83 511.926 1119.9
Silt and
9 4.36943 7092.84 0 Clay 1 25 356.953 584.592 1770.21 518.695 1251.52
Siltand
10 4.36943 7686.05 2.84242 Clay 1 25 386.399 632.817 1866.86 511.926 135494
Silt and
11 436943 8246.5 5.69189 Clay 1 25 413.748 677.608 1942.56 491.57 1450.99
Siltand
12 4.36943 8708.35 8.55559 Clay 1 25 435.466 713.176 1984.74 457.473 1527.27
Silt and
13 4.36943 9050.26 11.441 Clay 1 25 451.462 739.373 1992.82 409.374 1583.45
Silt and
14 436943 9271.31 14.3563 Clay 1 25 463.082 758.403 1971.15 346.892 1624.26
15 4.10218 8795.11 17.2185 Clay 0 25 470.605 770.724 1925.16 272.336 1652.82
16 4.10218 8771.63 20.0338 Clay 0 25 476.191 779.873 1858.44 186.002 1672.44
17 4.10218 8634.54 22.9008 Clay 0 25 480.042 786.18 1771.24 85.2663 1685.97
18 492744 100139  26.1325 Lovﬁlrl 1 29 553.607 906.658  1633.85 0 163385
Lower
19 492744 9413.63 29.762 il 1 29 501.454 821.247 1479.76 0 1479.76
Lower
20 4.92744 8522.02 33.5288 il 1 29 439.298 719.452 1296.12 0 1296.12
Middle
21 4.47802 6736.84 37.2799 il 5 28 361.254 591.636 1103.3 0 1103.3
Middle
22 447802 553948 41.0395 Fill 5 28 291.558 477.494 888.633 0 888.633
Middle
23 4.47802 4054.32 45.0295 il 5 28 210.476 344.703 638.889 0 638.889
Middle
24 447802 2208.96 49.323 il 5 28 113.944 186.609 341.556 0 341.556
Upper
25 2.29379 304.682 52.7895 il 1 25 27.5533 451249 94.6263 0 94.6263

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.63724

max. xsect_2.sli Ameren - Labadie Energy Center
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Slice
Number

O© 00 N O U B W N P

[ N S =
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26

X
coordinate
[ft]
-123.129
-118.864
-114.6
-110.335
-105.969
-101.602
-97.2359
-92.8695
-88.5032
-84.1368
-79.7705
-75.4041
-71.0377
-66.6714
-62.305
-58.3873
-54.4697
-50.552
-45.8212
-41.0904
-36.3596
-32.0868
-27.814
-23.5412
-19.2684
-17.6808

Y Interslice Interslice

coordinate - Bottom Normal Force Shear Force
[ft] [Ibs] [Ibs]

463.8 0 0
461.861 401.032 99.1398
460.201 1383.46 342.007
458.8 2687.55 664.394
457.622 4168.54 1030.51
456.691 5790.85 1431.56
456 7558.67 1868.59
455.543 9360.11 2313.93
455.315 11060 2734.16
455.315 12553.7 3103.42
455.543 13763.6 3402.53
456 14647 3620.9
456.691 15158.7 3747.41
457.622 15269 3774.67
458.8 14967 3700.01
460.077 14349 3547.25
461.573 13425.8 3319.01
463.3 12232.1 3023.92
465.718 10887.3 2691.46
468.535 9086.84 2246.37
471.8 6959.06 1720.36
475.192 4844.04 1197.5
479.078 2800.68 692.361
483.561 1087.83 268.925
488.8 87.839 21.7148
490.988 0 0

Interslice
Force Angle
[degrees]

0

13.8858
13.8858
13.8858
13.8858
13.8857
13.8858
13.8858
13.8858
13.8858
13.8858
13.8857
13.8858
13.8858
13.8858
13.8858
13.8858
13.8858
13.8857
13.8858
13.8858
13.8857
13.8858
13.8858
13.8858

0

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

max. xsect_2.sli

Ameren - Labadie Energy Center
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S5}
Slice X Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [Ibs] [Ibs] [degrees]
1 -123.744 463.8 0 0 0
2 -119.28 461.855 334.766 13.4531 2.30128
3 -114.816 460.194 1207.69 96.2603 455719
4 -110.352 458.8 2431.93 286.728 6.72421
5 -105.982 457.682 3818.85 585.799 8.721
6 -101.613 456.797 5387.62 1004.53 10.5616
7 -97.2436 456.14 7141.16 1546.34 12.2181
8 -92.8741 455.705 8965.5 2180.24 13.6679
9 -88.5047 455.488 10716 2849.96 14.8933
10 -84.1353 455.488 12276.3 3492.53 15.8807
11 -79.7659 455.705 13560.2 4047.85 16.6209
12 -75.3964 456.14 14522 .8 4469.73 17.107
13 -71.027 456.797 15121.6 4720.06 17.3352
14 -66.6576 457.682 15332.7 4776.78 17.304
15 -62.2881 458.8 15152.5 4636.45 17.0134
16 -58.186 460.071 14636.3 4337.26 16.5064
17 -54.0838 461.567 13810.6 3901.88 15.7765
18 -49.9816 463.3 12711.2 3365.4 14.8293
19 -45.0541 465.717 11490.4 2740.81 13.4161
20 -40.1267 468.535 9792.85 2031.78 11.7212
21 -35.1993 471.8 7726.49 1330.7 9.77194
22 -30.7212 475.209 5583.81 765.812 7.80932
23 -26.2432 479.107 3425.92 341.838 5.69811
24 -21.7652 483.59 1504.89 91.4124 3.47608
25 -17.2872 488.8 235.683 4.87676 1.1854
26 -14.9934 491.821 0 0 0
List Of Coordinates
Water Table
X Y
-250 463.8
150 463.8

Focus Search Line

X Y
-71 449
-70.7033 470.104

External Boundary

max. xsect_2.sli

Ameren - Labadie Energy Center
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X
-8.81 4
-12.64 4

-41.17 4
-76.5298

-81.18 4

-250
150

150

8.39 4

Y
92.89
92.55

-24.7427 488.8

83.71
472

-77.1337 471.8

70.46

-102.38 464.5
-107 463.8
-250 463.8
-250 458.8
-250 454.8

400
400

150 454.8
150 458.8

460

150 4913
14969 491.3

93.02

0 4929

Material Boundary

X

14969 491.3
22,5873 488.8
73.7826 472
743715 471.8
97.9298 463.8
99.4022 463.3

109.12 460

150 460

Y

Material Boundary

X
-77.1337 4
743715 4

Y
71.8
71.8

Material Boundary

X Y
-107 463.3
-107 463.8

Material Boundary

X

-107 463.3
99.4022 463.3

Y

max. xsect_2.sli

Ameren - Labadie Energy Center



? SLIDEINTERPRET 7.018
o] '»_1’ Periodic Safety Factor Assessment: Page 9 of 9

Material Boundary

X Y
-250 458.8
150 458.8

Material Boundary

X Y
-250 454.8
150 454.8

Material Boundary

X Y
-24.7427 488.8
22,5873 488.8

max. xsect_2.sli Ameren - Labadie Energy Center
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Project Name: Periodic Safety Factor Assessment| Client: Ameren - Labadie Energy Center
REITZ & [ENS, INC.| Section Location: Section 2 - Fly Ash Pond Load Case: Seismic
CONSULTING ENGINEERS File Path/Name: P:\Amerenue\2015012432\L abadie\cal c\xsect_2\seismic xsect_2.dli
Project Number: 2015012432 |AnaysisBy: J. Bertel Checked By: J. Gilliam Figure:
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Slide Analysis Information
Periodic Safety Factor Assessment
Project Summary
File Name: seismic xsect_2

Slide Modeler Version: 6.035

Project Title: Periodic Safety Factor Assessment
Analysis: Seismic
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 2 - Fly Ash Pond
J. Gilliam
General Settings

Units of Measurement:
Time Units:
Permeability Units:
Failure Direction:

Data Output:

Maximum Material Properties:

Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:
Tolerance:

Maximum number of iterations:

Check malpha < 0.2:
Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

seismic xsect_2.sli

Ameren - Labadie Energy Center
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Groundwater Method:

Pore Fluid Unit Weight [Ibs/ft3]:

Use negative pore pressure cutoff:
Maximum negative pore pressure [psf]:
Advanced Groundwater Method:

Random Numbers

Pseudo-random Seed:
Random Number Generation Method:

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10
Composite Surfaces: Disabled

Reverse Curvature:

Water Surfaces
62.4

Yes

0

None

10116
Park and Miller v.3

Create Tension Crack

Minimum Elevation: Not Defined
Minimum Depth: Not Defined
Minimum Area: Not Defined
Minimum Weight: Not Defined

Seismic

No
No

Advanced seismic analysis:
Staged pseudostatic analysis:

Loading
Seismic Load Coefficient (Horizontal): 0.13

Material Properties

Property Upper Fill Middle Fill Lower Fill Clay Silt and Clay Sand Fly Ash
Color ] L] ] L] ] 1 HE
Mohr- Mohr- Mohr- Mohr-

Strength Type Coulomb Coulomb Coulomb Coulomb Mohr-Coulomb Mohr-Coulomb No strength
;g;t Weight [lbs/ 115 118 120 120 120 120 112
Cohesion [psf] 1 5 1 0 1 1
Friction Angle [deg] 25 28 29 25 25 31
Water Surface Water Table Water Table Water Table Water Table Water Table Water Table None
Hu Value 1 1 1 1 1 1
Ru Value 0

seismic xsect_2.sli

Ameren - Labadie Energy Center
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Global Minimums

Method: spencer

FS 1.076260
Center: -92.367, 538.620
Radius: 83.099

Left Slip Surface Endpoint:  -128.524, 463.800
Right Slip Surface Endpoint: -26.199, 488.349
Resisting Moment: 3.85203e+006 lb-ft
Driving Moment: 3.57909e+006 lb-ft
Resisting Horizontal Force: 42703.3 |Ib

Driving Horizontal Force: 39677.5 |b

Total Slice Area: 1035.76 ft2

Method: gle/morgenstern-price

FS 1.076980
Center: -92.367, 536.043
Radius: 80.842

Left Slip Surface Endpoint:  -128.649, 463.800
Right Slip Surface Endpoint: -27.357,487.990
Resisting Moment: 3.73912e+006 Ib-ft
Driving Moment: 3.47184e+006 lb-ft
Resisting Horizontal Force:  42499.9 |Ib

Driving Horizontal Force: 39462 |b

Total Slice Area: 1041.86 ft2

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 5511
Number of Invalid Surfaces: 1925

Error Codes:

Error Code -103 reported for 1925 surfaces

Method: gle/morgenstern-price

Number of Valid Surfaces: 5511
Number of Invalid Surfaces: 1925

Error Codes:

Error Code -103 reported for 1925 surfaces

Error Codes

The following errors were encountered during the computation:

seismic xsect_2.sli Ameren - Labadie Energy Center
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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

Angle Base Base Shear Shear Base Pore Effective
Slice Width Weight of Slice Base R Friction Normal Normal
. Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
434859 508.706 -24.1491 Clay 0 25 50.2375 54.0686 176.781 60.8305 115.95
434859 1450.7 -20.901 Clay 0 25 128.207 137.984 469.379 173.473 295.906
434859 2246.57 -17.722 Clay 0 25 179.764 193.473 683.548 268.643 414.905
4 4.20205 2798.19 -14.6505 Slltglr;::i/ 1 25 213.288 229.553 836.408 346.273 490.135
Siltand
5 420205 3294.04 -11.6736 Clay 1 25 231.423 249.071 939.624 407.634 531.99
Silt and
6 4.20205 3830.48 -8.72839 Clay 1 25 260.026 279.856 1052.86 454.849 598.009
Siltand
7 4.20205 4528.89 -5.80636 Clay 1 25 313.091 336.967 1208.79 488.309 720.483
Silt and
8 4.20205 5284.08 -2.89944 Clay 1 25 37458 403.145 1370.68 508.281 862.404
Siltand
9 4.20205 5933.42 0 Clay 1 25 424.782 457.176 1493.19 514921 978.274
Silt and
10 4.20205 6475.44 2.89944 Clay 1 25 465.175 500.649 1579.78 508.281 1071.5
Siltand
11 4.20205 6909.73 5.80636 Clay 1 25 497.095 535.004 1633.49 488.309 1145.18
Silt and
12 4.20205 7272.23 8.72839 Clay 1 25 525.376 565.441 1665.3 454.849 1210.45
Silt and
13 4.20205 7586.52 11.6736 Clay 1 25 552.919 595.085 1681.65 407.634 1274.02
Siltand
14 4.20205 7780.77 14.6505 Clay 1 25 573.298 617.018 1667.33  346.273 1321.06
15 3.99744 7474.82 17.5938 Clay 0 25 586.553 631.283 1626.24 272.451 1353.79
16 3.99744 7436.55 20.5112 Clay 0 25 595.369 640.772 1560.38 186.244 1374.14
17 399744 7285.72 23.4855 Clay 0 25 599.665 645.395 1469.45 85.3924 1384.05
18 357434 629096  26.3637 LOV\::?lrl 1 29 69501 748011  1347.64 0 134764
Lower
19 3.57434 5982.76 29.1502 il 1 29 634.158 682.519 1229.49 0 1229.49
Lower
20 3.57434 5575.21 32.0147 il 1 29 566.049 609.216 1097.25 0 1097.25
Lower
21 3.57434 5059 34972 Fill 1 29 4909 528.336 951.34 0 951.34
Middle
22 4.19168 511357 38.3181 il 5 28 390.728 420.525 781.488 0 781.488
Middle
23 4.19168 4003.85 42.1085 il 5 28 288.631 310.642 574.828 0 574.828
Middle
24 419168 2630.46 46.1428 il 5 28 178.263 191.857 351.427 0 351.427
Middle
25 4.19168 936.408 50.5014 il 5 28 60.8036 65.4405 113.672 0 113.672

seismic xsect_2.sli Ameren - Labadie Energy Center
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Global Minimum Query (gle/ morgenstern-price) - Safety Factor: 1.07698

Angle Base Base Shear Shear Base Pore Effective
Slice Width Weight of Slice Base R Friction Normal Normal
. Cohesion Stress  Strength Pressure
Number [ft] [Ibs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]
4.14301 481.251 -25.0463 Clay 0 25 32.6513 35.1648 135.814 60.4031 75.4111
4.14301 1375.33  -21.8437 Clay 0 25 97.7623  105.288 398.412 172.622 225.79
4.14301 2136.98 -18.7115 Clay 0 25 157.743 169.886 632.538 268.218 364.32
4 397555 2651.84 -15.6976 Slltglr;j 1 25 208.958 225.044 827.324 346.86 480.464
Siltand
5 397555 3133.62 -12.7893 Clay 1 25 246.501 265.477 977.048 409.876 567.172
Silt and
6 397555 3581.21 -9.91416 Clay 1 25 280.313 301.891 1104.97 459.711 645.263
Siltand
7 397555 4170.25 -7.06411 Clay 1 25 332.902 358.529 1263.49 496.762 766.724
Silt and
8 397555 4862.64 -4.23157 Clay 1 25 396.874 427.425 1435.78 521.31 914.471
Siltand
9 397555 5489.33 -1.40938 Clay 1 25 448.775 483.322 1567.88 533.539 1034.34
Silt and
10 3.97555 6022.52 1.40938 Clay 1 25 486 523.412 1653.86 533.539 1120.32
Siltand
11 397555 6462.22 4.23157 Clay 1 25 510.647 549.957 1698.55 521.31 1177.24
Siltand
12 397555 6809.38 7.06411 Clay 1 25 525.491 565.943 1708.28 496.762 1211.52
Silt and
13 397555 7122.63 9.91416 Clay 1 25 539.581 581.118 1703.78 459.711 1244.07
Siltand
14 397555 7362.86 12.7893 Clay 1 25 550.736 593.132 1679.71 409.876 1269.83
Silt and
15 397555 7498.71 15.6976 Clay 1 25 557.916 600.864 1633.27 346.86 1286.41
16 3.80529 7208.86 18.584 Clay 0 25 562.018 605.282 1570.11 272.082 1298.03
17 3.80529 7141.14 21.4559 Clay 0 25 565.871 609.432 1492.43 185.502 1306.93
18 3.80529 6971.68 24.3856 Clay 0 25 568.943 612.74 1399.05 85.0201 1314.03
19 460172 8043.14  27.7086 Lovﬁlrl 1 29 648.859 698.808  1258.88 0 1258.88
Lower
20 4.60172 7425.89 31.463 il 1 29 570.677 614.608 1106.98 0 1106.98
Lower
21 4.60172 6573.81 35.3755 Fill 1 29 484.617 521.923 939.77 0 939.77
Middle
22 3.98403 4810.65 39.1979 il 5 28 386.883 416.665 774.229 0 774.229
Middle
23 3.98403 3761.21 42.9492 il 5 28 296.072 318.864 590.293 0 590.293
Middle
24 398403 2467.43 46.9469 il 5 28 191.25 205.972 377.974 0 377.974
Middle
25 3.98403 877.606 51.2727 il 5 28 68.2783 73.5344 128.894 0 128.894

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.07626

seismic xsect_2.sli Ameren - Labadie Energy Center
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Slice
Number

O© 00 N O U B W N P

[ N S =
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26

X
coordinate
[ft]
-128.524
-124.176
-119.827
-115.478
-111.276
-107.074
-102.872
-98.6701
-94.4681
-90.266
-86.064
-81.8619
-77.6599
-73.4578
-69.2558
-65.2583
-61.2609
-57.2634
-53.6891
-50.1148
-46.5404
-42.9661
-38.7744
-34.5827
-30.391
-26.1993

Y Interslice Interslice

coordinate - Bottom Normal Force Shear Force
[ft] [Ibs] [Ibs]

463.8 0 0
461.85 497.597 166.634
460.19 1647.52 551.717
458.8 3089.22 1034.51
457.701 4542 .95 1521.33
456.833 5905.59 1977.65
456.188 7182.5 2405.25
455.761 8429.47 2822.83
455.548 9612.57 3219.02
455.548 10631.1 3560.09
455.761 11413.1 3821.97
456.188 11911.3 3988.83
456.833 12105.3 4053.78
457.701 11988.8 4014.77
458.8 11561.3 3871.62
460.068 10879.3 3643.23
461.563 9965.51 3337.22
463.3 8869.7 2970.26
465.071 8155.52 2731.09
467.065 7199.59 2410.97
469.3 6051.49 2026.5
471.8 4774.74 1598.95
475.113 3163.54 10594
478.901 1678.4 562.055
483.263 552.661 185.073
488.349 0 0

Interslice
Force Angle
[degrees]

0

18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5144
18.5144
18.5146
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5145
18.5146
18.5144
18.5145

0

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

seismic xsect_2.sli

Ameren - Labadie Energy Center



SLIDEINTERPRET 7.018
DO

Periodic Safety Factor Assessment: Page 7 of 9

S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]
1 -128.649 463.8 0 0 0
2 -124.506 461.864 335.942 18.0802 3.08065
3 -120.363 460.203 1224.72 130.741 6.09335
4 -116.22 458.8 2489.48 393.148 8.97425
5 -112.245 457.683 3901.64 798.234 11.5625
6 -108.269 456.78 5358.12 1329.61 13.9364
7 -104.294 456.085 6777.19 1951.42 16.0632
8 -100.318 455.593 8183.87 2646.33 17.9191
9 -96.3426 455.299 9555.29 3381.31 19.4872
10 -92.367 455.201 10783 4086.82 20.757
11 -88.3915 455.299 11774.7 4690.87 21.7216
12 -84.4159 455,593 12469.5 5133.92 22.3779
13 -80.4404 456.085 12836.3 5375.85 22.724
14 -76.4649 456.78 12876.3 5401.89 22.7591
15 -72.4893 457.683 12597.6 5213.79 22.4833
16 -68.5138 458.8 12020.7 4831.62 21.8972
17 -64.7085 460.079 11218 4316.68 21.0467
18 -60.9032 461.575 10215.7 3701.17 19.9156
19 -57.0979 463.3 9065.69 3034.9 18.5089
20 -52.4962 465.717 7969.95 2353.43 16.4512
21 -47.8945 468.533 6519.31 1628.54 14.0256
22 -43.2927 471.8 4829.13 962.149 11.268
23 -39.3087 475.049 3232.95 491.892 8.65118
24 -35.3247 478.758 1736.98 178.458 5.86601
25 -31.3406 483.022 567.98 29.4015 2.96327
26 -27.3566 487.99 0 0 0
List Of Coordinates
Water Table
X Y
-250 463.8
150 463.8

External Boundary

seismic xsect_2.sli

Ameren - Labadie Energy Center
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X Y
-8.81 492.89
-12.64 492.55
-24.7427 488.8
-41.17 483.71
-76.5298 472
-77.1337 471.8
-81.18 470.46
-102.38 464.5
-107 463.8
-250 463.8
-250 458.8
-250 454.8
-250 400
150 400
150 454.8
150 458.8
150 460
150 484.45
37.12 484.45
22.5371 488.8
8.39 493.02
0 4929

Material Boundary

X Y
37.12 484.45
73.7826 472
743715 471.8
97.9298 463.8
99.4022 463.3
109.12 460
150 460

Material Boundary

X Y
-24.7427 488.8
22.5371 488.8

Material Boundary

X Y
-77.1337 471.8
743715 471.8

Material Boundary

X Y
-107 463.3
-107 463.8

seismic xsect_2.sli

Ameren - Labadie Energy Center
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Material Boundary

X Y
-107 463.3
99.4022 463.3

Material Boundary

X Y
-250 458.8
150 458.8

Material Boundary

X Y
-250 454.8
150 454.8

seismic xsect_2.sli Ameren - Labadie Energy Center
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Slide Analysis Information

Periodic Safety Factor Assessment

Project Summary
File Name: xsect_2 POST EQ
Slide Modeler Version: 6.035
Project Title: Periodic Safety Factor Assessment
Analysis: Liquefaction
Author: J. Bertel
Company: Ameren - Labadie Energy Center
Comments
2015012432
Section 2 - Fly Ash Pond
J. Gilliam
General Settings

Units of Measurement:
Time Units:
Permeability Units:
Failure Direction:

Data Output:

Maximum Material Properties:

Maximum Support Properties:

Analysis Options

Slices Type:

Imperial Units
seconds
feet/second
Right to Left
Standard

20

20

Analysis Methods Used

GLE/Morgenstern-Price with interslice force function:

Number of slices:
Tolerance:

Maximum number of iterations:

Check malpha < 0.2:
Initial trial value of FS:
Steffensen Iteration:

Groundwater Analysis

Vertical

Half Sine
Spencer

25
0.005
50
Yes

Yes

xsect_2 POST EQ.sli

Ameren - Labadie Energy Center
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16,
Groundwater Method: Water Surfaces
Pore Fluid Unit Weight [Ibs/ft3]: 62.4
Use negative pore pressure cutoff: Yes

Maximum negative pore pressure [psf]: 0
Advanced Groundwater Method: None

Random Numbers

Pseudo-random Seed: 10116
Random Number Generation Method: Park and Miller v.3

Surface Options

Surface Type: Circular
Search Method: Grid Search
Radius Increment: 10

Composite Surfaces: Disabled

Reverse Curvature: Create Tension Crack
Minimum Elevation: Not Defined
Minimum Depth: Not Defined
Minimum Area: Not Defined
Minimum Weight: Not Defined

Seismic

Advanced seismic analysis: No
Staged pseudostatic analysis: No

Material Properties
Property Upper Fill Middle Fill Lower Fill Clay Silt and Clay Sand Fly Ash LQ1
Color [] ] [] ] [] ] B O
Strength Tvpe Mohr- Mohr- Mohr- Mohr- Mohr- Mohr- No Undrained
gt Typ Coulomb Coulomb Coulomb Coulomb Coulomb Coulomb strength
fli_:;t Weight [lbs/ 115 118 120 120 120 120 112 120
Cohesion [psf] 1 5 1 0 1 1
Friction Angle 25 )8 29 25 25 31
[deg]
Cohesion Type 180
Water Surface Water Table  Water Table Water Table Water Table Water Table  Water Table None None
Hu Value 1 1 1 1 1 1
Ru Value 0 0

xsect_2 POST EQ.sli Ameren - Labadie Energy Center
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S5}
Property LiQ 2 LQ3 LQ4 LiQ5s
Color 1 O B O
Strength Type Undrained Undrained Undrained Undrained
Unit Weight [Ibs/ft3] 120 120 120 120
Cohesion Type 275 30 85 150
Water Surface None None None None
Ru Value 0 0 0 0
Global Minimums

Method: spencer

FS 1.274630
Center: -68.868, 560.386
Radius: 105.202

Left Slip Surface Endpoint:  -110.564, 463.800
Right Slip Surface Endpoint: 11.223, 492.175
Resisting Moment: 7.4873e+006 |b-ft
Driving Moment: 5.87408e+006 |b-ft
Resisting Horizontal Force: 64081.8 Ib

Driving Horizontal Force: 50274.7 Ib

Total Slice Area: 2020.54 ft2

Method: gle/morgenstern-price

FS 1.262510
Center: -57.100, 545.997
Radius: 87.248

Left Slip Surface Endpoint:  -93.893, 466.886
Right Slip Surface Endpoint: 11.503, 492.091
Resisting Moment: 5.03766e+006 lb-ft
Driving Moment: 3.9902e+006 |b-ft
Resisting Horizontal Force: 51191.1|b

Driving Horizontal Force: 40547 .1 1b

Total Slice Area: 1728.11 ft2

Valid / Invalid Surfaces

Method: spencer

Number of Valid Surfaces: 7436
Number of Invalid Surfaces: 0

Method: gle/morgenstern-price

Number of Valid Surfaces: 7436
Number of Invalid Surfaces: 0

Slice Data

xsect_2 POST EQ.sli Ameren - Labadie Energy Center
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Global Minimum Query (spencer) - Safety Factor: 1.27463

Angle Base Base Shear Shear Base Pore Effective
Slice Width  Weight of Slice Base R Friction Normal Normal
. Cohesion Stress  Strength Pressure
Number [ft] [1bs] Base Material [psf] Angle [psf] [psf] Stress [psf] Stress
[degrees] P [degrees] P P [psf] P [psf]

1 0232412 133637 -23.2808 UppF‘?lrl 1 25 2.65272 3.38124 822658 312  5.10658

2 4.70655 601.815 -21.8311 LiQ3 30 0 23.5362 30 156.365 0 156.365

3  4.70655 1914.68 -19.0938 LiQ3 30 0 23.5362 30 455.057 0 455.057

4 470655 3433.8 -16.4013 LiQ 3 30 0 23.5362 30 793.51 0 793.51

5 0.487834 443.012 -14.9277 Clay 0 25 292.258 372.521 111493 316.058 798.875

6 5.33331 5811.95 -13.2977 Slltglr;j 1 25 351.502 448.035 1318.11 359.443 958.67
Silt and

7 5.33331 7485.93 -10.3287 Clay 1 25 447.288 570.127 1649.59 429.097 1220.5

8 6.03736 10274.3 -7.19496 LIQ 4 85 0 66.686 85 1774.88 0 1774.88

9 6.03736 12096.7 -3.88955 LQ 4 85 0 66.686 85 2054.09 0 2054.09

10 6.03736 13693.8 0.597097 LIQ 4 85 0 66.686 85 2289.01 0 2289.01

11 6.03736 15038.1 2.69338 LiQ 4 85 0 66.686 85 2476.58 0 2476.58

12 6.03736 16130 5.9928 LiQ 4 85 0 66.686 85 2618.34 0 2618.34

13  6.21492 17473.8 9.36163 Slltglr;::i/ 1 25 846.473 1078.94 2758.93 447.284 2311.65
Silt and

14 6.21492 18074 12.813 Clay 1 25 876.027 1116.61 2763.64 371.216 2392.42

15 0916348 2701.54 14.807 Clay 0 25 888.728 1132.8 2748.85 319.558 2429.29

16 5.46486 16145.6 16.6184 LiQ 3 30 0 23.5362 30 2769.51 0 2769.51

17 7.70935 22552.2 20.4122 Clay 0 25 898.488 1145.24 2576.69 120.711 2455.98

18 5.40879 15395.5 24.2686 Lo“;‘?lrl 1 29 1032.17 131564  2371.68 0 237168
Lower

19 5.40879 14737 27.546 il 1 29 951.123 1212.33 2185.3 0 2185.3
Lower

20 5.40879 13809 30.9246 Fill 1 29 856.217 1091.36 1967.06 0 1967.06
Middle

21 5.08638 11497.8 34.3191 il 5 28 704.666 898.188 1679.84 0 1679.84
Middle

22 5.08638 9332.74 37.7484 il 5 28 548.749 699.452 1306.07 0 1306.07
Middle

23 5.08638 6818.63 41.3457 il 5 28 38342 488.719 909.743 0 909.743
Middle

24 5.08638 3980.45 45,1555 il 5 28 213.606 272.268 502.658 0 502.658
Upper

25 3.00159 736.493 48.3501 il 1 25 60.2406 76.7845 162.52 0 162.52

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.26251

xsect_2 POST EQ.sli Ameren - Labadie Energy Center
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Slice
Number

N

O 00 N O U1 b W

11
12
13
14
15

16

17

18

19

20

21

22

23

24

25

Width
[ft]

4.49093

4.49093

2.57989
4.44888
4.44888
4.44888
4.44888
4.44888
5.97313
3.69385
3.69385
3.69385
3.69385
5.02444
5.02444

4.52292

4.52292

4.52292

4.52292

3.99635

3.99635

3.99635

3.99635

3.99635

2.71898

Weight
[lbs]

862.255

2508.95

2131.66
4780.55
6141.95
7368.85

8469.3
9446.16
13994 .3
9306.51
9713.86
10050.8

10312
14264.6
14366.4

12857.7

12614 .9

12197.5

11574.5

9248.16

7961.99

6480.12

4821.58

2940.42

641.363

Angle
of Slice
Base
[degrees]

-23.3359

-20.1587

-17.6985
-15.2946
-12.2848
-9.30921
-6.35877
-3.42522
0
3.17649
5.61012
8.05398
10.5127
13.4429
16.8635

20.17
23.3704
26.6503
30.0277
33.3137
36.5171
39.8598
43.3751

47.109

50.4392

Base
Material

Lower
Fill
Lower
Fill
Clay
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
LiQ 3
Clay
Clay
Lower
Fill
Lower
Fill
Lower
Fill
Lower
Fill
Middle
Fill
Middle
Fill
Middle
Fill
Middle
Fill
Middle
Fill
Upper
Fill

Base
Cohesion

[psf]

30
30
30
30
30
30
30
30
30
30

Base
Friction
Angle
[degrees]

29

29

N
O O OO OO O oo o wm

NN
(SN, ]

N
(Vo]

29

29

29

28

28

28

28

28

25

Shear
Stress
[psf]

109.053

318.275

358.457
23.7622
23.7622
23.7622
23.7622
23.7622
23.7622
23.7622
23.7622
23.7622
23.7622
930.401
928.713

1079.13
1015.27
942.868
861.308
729.916
610.977

484.55
352.163
210.533

60.2339

Shear
Strength
[psf]

137.681

401.826

452.555
30
30
30
30
30
30
30
30
30
30
1174.64
1172.51

1362.41
1281.79
1190.38
1087.41
921.526
771.365
611.749
444,609

265.8

76.0459

Base
Normal
Stress

[psf]

246.58

723.109

1027.39
1159.87
1483.03
1766.29
2008.38

2208.9
2389.69
2518.49

2587.2
2635.49
2664.69
2682.73
2593.18

2456.03
2310.61
2145.72
1959.94
1723.73
1441.32
1141.13
826.784
490.494

160.936

Pore
Pressure

[psf]

56.8861

O O OO O o o o oo

163.708
78.7191

0

Effective
Normal
Stress

[psf]
246.58

723.109

970.507
1159.87
1483.03
1766.29
2008.38

2208.9
2389.69
2518.49

2587.2
2635.49
2664.69
2519.02
2514.46

2456.03
2310.61
2145.72
1959.94
1723.73
1441.32
1141.13
826.784
490.494

160.936

Interslice Data

Global Minimum Query (spencer) - Safety Factor: 1.27463

xsect_2 POST EQ.sli

Ameren - Labadie Energy Center
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Slice
Number

O© 00 N O U B W N P

NN NNNNNRRRRRRRR R R
a s WNEFEF O OVOOWNOOULLPE WNNREO

X

coordinate

[ft]
-110.564
-110.331
-105.625
-100.918
-96.2118
-95.724
-90.3907
-85.0574
-79.02
-72.9827
-66.9453
-60.908
-54.8706
-48.6557
-42.4408
-41.5244
-36.0595
-28.3502
-22.9414
-17.5326
-12.1238
-7.03745
-1.95107
3.13531
8.22169
11.2233

Interslice Interslice

coordinate - Bottom Normal Force Shear Force
[Ibs] [Ibs]

463.8 0 0
463.7 1.44021 0.3205
461.815 407.216 90.6207
460.185 1259.56 280.3
458.8 2469.8 549.621
458.67 2757.61 613.67
457.409 6296.88 1401.29
456.437 10289.8 2289.85
455.675 12045.8 2680.63
455.265 13292.2 2958.01
455.202 13839.5 3079.8
455.486 13539.4 3013.02
456.12 12283.2 2733.47
457.144 14725.9 3277.06
458.558 16273 3621.35
458.8 16422.9 3654.7
460.431 12034.5 2678.13
463.3 11580.4 2577.07
465.739 11389 2534.47
468.56 10376.9 2309.24
471.8 8641.88 1923.14
475.272 6399.32 1424.09
479.21 4051.69 901.652
483.686 1933.43 430.26
488.8 451.085 100.383
492.175 0 0

Interslice
Force Angle

[degrees]
0
12.546
12.546
12.546
12.546
12.546
12.546
12.5459
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
12.546
0

Global Minimum Query (gle/morgenstern-price) - Safety Factor: 1.26251

xsect_2 POST EQ.sli
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S5}
Slice X Y Interslice Interslice Interslice
Number coordinate coordinate - Bottom Normal Force Shear Force Force Angle
[ft] [ft] [Ibs] [Ibs] [degrees]
1 -93.8925 466.886 0 0 0
2 -89.4016 464.949 967.855 33.756 1.9975
3 -84.9106 463.3 3590.46 248.209 3.95457
4 -82.3307 462.477 5361.76 473.372 5.04537
5 -77.8819 461.26 6878.69 825.664 6.84459
6 -73.433 460.291 8421.21 1260.4 8.51226
7 -68.9841 459.562 9815.1 1734.13 10.0196
8 -64.5352 459.066 10916.6 2189.73 11.3423
9 -60.0864 458.8 11610.6 2565.62 12.4605
10 -54.1132 458.8 11752.6 2846.32 13.6141
11 -50.4194 459.005 11324.2 2848.09 14.1174
12 -46.7255 459.368 10473.3 2699.79 14.4549
13 -43.0317 459.891 9183.58 2396.27 14.6241
14 -39.3378 460.576 7444.88 1942.53 14.6237
15 -34.3134 461.777 8901.29 2277.34 14.3509
16 -29.289 463.3 9621.55 2357.66 13.7684
17 -24.766 464.961 10425.5 2404.24 12.986
18 -20.2431 466.916 10505 2227.03 11.9693
19 -15.7202 469.186 9902.25 1876.84 10.7323
20 -11.1973 471.8 8677.11 1419.89 9.2933
21 -7.20092 474.426 7068.95 977.38 7.87202
22 -3.20457 477.385 5247.62 582.125 6.33001
23 0.791782 480.722 3377.9 277.078 4.68929
24 4.78814 484.498 1664.5 86.4867 2.97439
25 8.78449 488.8 396.426 8.38677 1.21197
26 11.5035 492.091 0 0 0
List Of Coordinates
Water Table
X Y
-250 463.8
150 463.8

Focus Search Line

X Y
-23.3589 447.537
-23.3589 465.537

External Boundary

xsect_2 POST EQ.sli
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Periodic Safety Factor Assessment: Page 8 of 10

X Y
-8.81 492.89
-12.64 492.55
-24.7427 488.8
-41.17 483.71
-76.5298 472
-77.1337 471.8
-81.18 470.46
-102.38 464.5
-107 463.8
-250 463.8
-250 463.7
-250 458.8
-250 458.7
-250 456.7
-250 454.8
-250 454.7
-250 4447
-250 442.7
-250 400
150 400
150 4455
150 4485
150 454.8
150 4585
150 458.8
150 4595
150 460
150 484.45
37.12 484.45
22.5371 488.8
8.39 493.02
0 4929

Material Boundary

X Y
37.12 484.45
73.7826 472
743715 471.8
97.9298 463.8
99.4022 463.3
109.12 460
150 460

Material Boundary

X Y
-24.7427 488.8
22.5371 488.8

Material Boundary

xsect_2 POST EQ.sli
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X Y
-77.1337 471.8
743715 471.8

Material Boundary

X Y
-107 463.3
-107 463.567
-107 463.8

Material Boundary

X Y

-107 463.3
-100.952 463.3
99.4022 463.3

Material Boundary

X Y
-250 458.8
-15 458.8
150 458.8

Material Boundary

X Y

-250 454.8
-100.5 454.8

150 4548

Material Boundary

X Y
-250 463.7
-110 463.7
-107 463.567

-100.952 463.3
-15 459.5
150 459.5

Material Boundary

X Y
-250 458.7
-110 458.7

-15 4585

150 458.5

Material Boundary

xsect_2 POST EQ.sli
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X Y
-15 458.8
-15 4595

Material Boundary

X Y
-250 4447
-110 4447

-15 4485

150 448.5

Material Boundary

X Y
-250 442.7
-110 442.7

-15 4455

150 445.5

Material Boundary

X Y
-250 456.7
-110 456.7

-15 455.7

Material Boundary

X Y
-250 454.7
-110 454.7
-100.5 454.8
-15 455.7

Material Boundary

X Y
-15 4455
-15 4485

xsect_2 POST EQ.sli
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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

REITZ & JENS, INC . 1 P:\GREDELL\2015120902\BAP Geotech Report\Final\Labadie BAP Geotech Report.docx
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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:

CPT-6 CPT-12 CPT-16

Coarse Ash*| | 0ft ’ 0ft v
FineAsh [ | _lg Fine Ash Fine Ash

Soft Fine Ash

0 ft

.

117

19 Coarse Ash | \
Fine/Coarse Ash Fine Ash 2 - Soft Fine Ash
| o
Soft Fine Ash Coarse Ash 2 e
141 29
Fine Ash Fine/Coarse Ash
Fine Ash Sar : _2:
Sand1 1 59 x| - —62 Sand 2 -
sand2 [, . N
CPT-21 CPT-29
CoarseAsh’ | Oft ’ 0 ft
Fine/Coarse Ash
Fine/Coarse Ash
Soft Fine Ash [T | 15
i s —| 28
FinefCoaia e —
, Fine Ash
Sand/Silty Sand

38
Sand/Gravelly Sand - L Igo
Sand/Silt
74t ana/sit [ |

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

Es = paaNeg
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where

pa = atmospheric pressure of approximately 2 ksf
a =5 for sands with fines, 10 for clean normally consolidated sand
Neo = the corrected SPT blow count

Page 3

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 CPT6 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 BAPS, 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/sec?). 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 (y4) or dry density
(DD) 0f 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).

In Situ Dry Density

The standard calculation for Shrinkage = (1 - ) x 100%

Target Dry Density

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.

In Situ Dry Density

The standard calculation of Shrinkage Factor (SF) = 1 — Shrinkage/100% = ( TargetDry Donsity

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

Nuclear Density Gauge Laboratory Results Corrected Corrected Field Dry Ratio Ratio of Oven MCto | Oven MC [Ratio High
Moist Dry Moisture Tube Moisture | Nuclear Field Density Oven MC Nuke MC at Lower |Oven MC
Test No. Depth Density Density Content | Dry Density [ Content Dry Density Average S.D. to Nuke Average |stand. Dev. Temp. |to Low
feet pcf pcf % pcf % pcf pcf pcf MC % Oven MC
s € 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 99.9 4.6 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
BA-S Test 1 109.8 107.3 2.3 6.7 102.9 291
o pit 2 101.1 98.6 2.5 No Tube 7.1 94.4 2.82
a 3 98.1 94.3 4.0 Y 13.6 86.3 3.41
3 Densities -
5] 4 100.7 97.7 31 10.3 91.3 3.34
a 0 99.4 96.7 28  bottomAsh 937 217 2.22 0.75
S Sample not 94.1 5.0
< 1 101.2 97.7 3.6 . . 9.7 92.3 2.68
g | BAGTest 2 105.0 99.1 o | retanedin 4 91.8 2.41
2 Pit : : : tubes. : : :
° 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
< 2 BA-9 0 87.4 72.7 20.2 10.8 78.9 318 29 0.53 5.6 1.93
5 5 . .
o 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
35 1 112.7 97.6 15.5 78.6 30.0 86.7 1.94 38.63 0.78
§ FA-1 Test Pit 2 102.1 91.6 11.5 13.2 90.2 1.15 16.14 0.82
g 3 101.8 92.9 9.6 86.2 15.8 87.9 1.65 14.86 1.06
o 4 98.1 82.8 18.4 71.7 32.2 74.2 83.1 6.7 1.75 41.95 0.77
% 0 89.7 76.3 17.5 75.7 233 72.7 1.33 33.31 0.70
3 1 103.9 85.7 21.2 17.0 88.8 0.80 23.27 0.73
§ FA-2 Test Pit 2 112.7 99.8 12.9 23.6 91.2 1.83 27.14 0.87
g 3 99.2 86.3 14.9 84.9 19.4 83.1 1.30 25.44 0.76
o 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 1.60 041 14.8 0.41
5 % 1 96.0 82.2 16.8 67.2 33.0 72.2 1.96 39.95 0.83
g % |FA-3 Test Pit 2 95.5 79.1 20.7 77.4 27.7 74.8 1.34 28.2 0.98
z § 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 50.4 723 145 1.64 74.32 0.91
0 103.8 93.6 10.9 20.1 86.4 1.84 16.8 1.20
5 % 1 104.1 86.6 20.2 70.2 31.9 78.9 1.58 32.2 0.99
g S |FA-4 Test Pit 2 100.7 85.2 18.3 26.9 79.4 1.47 28.46 0.95
z § 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 3.2 114.5 103.0 116 2.67
FA-6 0 97.6 91.0 7.2 6.8 91.4 0.94
FA-7 Trench Drive Tube Only 69.4 49.5 705 1.0 47.6 1.04
FA-8 Trench Drive Tube Only 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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Ameren Labadie Ash Pond Closures
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
o
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
<
ﬁ All Stockpiled 77.7 125 1.27 215 0.79
B Trenches 70.5 1.0 1.20 16.3 0.84
All Fly Ash Tests 82.2 51 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 FAPS, 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 FAPS.

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.

REITZ & JENS, INC.
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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 8§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/sec?). 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.

Liguefaction

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. Ligquefaction 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).

REITZ & JENS, INC.
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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.

In Situ Dry Density

The standard calculation for Shrinkage = (1 — )x 100%

Target Dry Density

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% = ( IT’:“:;:: Eg 32223)

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.

REITZ & JENS, INC.
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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.

REITZ & JENS, INC.



Ameren Labadie Ash Pond Closures
TABLE 1 - RESULTS OF FIELD DENSITY TESTS ON CCP

Nuclear Density Gauge Laboratory Results Corrected Corrected Field Dry Ratio Ratio of Oven MCto | Oven MC [Ratio High
Moist Dry Moisture Tube Moisture | Nuclear Field Density Oven MC Nuke MC at Lower |Oven MC
Test No. Depth Density Density Content | Dry Density [ Content Dry Density Average S.D. to Nuke Average |stand. Dev. Temp. |to Low
feet pcf pcf % pcf % pcf pcf pcf MC % Oven MC
s € 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 99.9 4.6 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
BA-S Test 1 109.8 107.3 2.3 6.7 102.9 291
o pit 2 101.1 98.6 2.5 No Tube 7.1 94.4 2.82
a 3 98.1 94.3 4.0 Y 13.6 86.3 3.41
3 Densities -
5] 4 100.7 97.7 31 10.3 91.3 3.34
a 0 99.4 96.7 28  bottomAsh 937 217 2.22 0.75
S Sample not 94.1 5.0
< 1 101.2 97.7 3.6 . . 9.7 92.3 2.68
g | BAGTest 2 105.0 99.1 o | retanedin 4 91.8 2.41
2 Pit : : : tubes. : : :
° 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
< 2 BA-9 0 87.4 72.7 20.2 10.8 78.9 318 29 0.53 5.6 1.93
5 5 . .
o 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
35 1 112.7 97.6 15.5 78.6 30.0 86.7 1.94 38.63 0.78
§ FA-1 Test Pit 2 102.1 91.6 11.5 13.2 90.2 1.15 16.14 0.82
g 3 101.8 92.9 9.6 86.2 15.8 87.9 1.65 14.86 1.06
o 4 98.1 82.8 18.4 71.7 32.2 74.2 83.1 6.7 1.75 41.95 0.77
% 0 89.7 76.3 17.5 75.7 233 72.7 1.33 33.31 0.70
3 1 103.9 85.7 21.2 17.0 88.8 0.80 23.27 0.73
§ FA-2 Test Pit 2 112.7 99.8 12.9 23.6 91.2 1.83 27.14 0.87
g 3 99.2 86.3 14.9 84.9 19.4 83.1 1.30 25.44 0.76
o 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 1.60 041 14.8 0.41
5 % 1 96.0 82.2 16.8 67.2 33.0 72.2 1.96 39.95 0.83
g % |FA-3 Test Pit 2 95.5 79.1 20.7 77.4 27.7 74.8 1.34 28.2 0.98
z § 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 50.4 723 145 1.64 74.32 0.91
0 103.8 93.6 10.9 20.1 86.4 1.84 16.8 1.20
5 % 1 104.1 86.6 20.2 70.2 31.9 78.9 1.58 32.2 0.99
g S |FA-4 Test Pit 2 100.7 85.2 18.3 26.9 79.4 1.47 28.46 0.95
z § 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 3.2 114.5 103.0 116 2.67
FA-6 0 97.6 91.0 7.2 6.8 91.4 0.94
FA-7 Trench Drive Tube Only 69.4 49.5 705 1.0 47.6 1.04
FA-8 Trench Drive Tube Only 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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Ameren Labadie Ash Pond Closures
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
o
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
<
ﬁ All Stockpiled 77.7 125 1.27 215 0.79
B Trenches 70.5 1.0 1.20 16.3 0.84
All Fly Ash Tests 82.2 51 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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AMEREN MISSOURI LABADIE ENERGY CENTER
EVALUATION OF CCR UNITS
FRANKLIN COUNTY, MISSOURI

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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Ameren Missouri Labadie Energy Center Page 2
Evaluation of CCR Units — Inflow Design Flood Control System Plan
October 2021

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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