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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards from the Tennessee Valley Authority’s Kingston,
Tennessee facility in December 2008, which flooded more than 300 acres of land, damaging
homes and property has led USEPA to consider how to best manage coal combustion waste
disposal units. A first step is to assess the stability and functionality of ash impoundments and
other units across the country, and take any needed corrective measures.

This assessment of the stability and functionality of the Lawrence Energy Center Ash Dike
management unit is based on a review of available documents and on the site assessment
conducted by Dewberry personnel on Thursday, September 24, 2010. We found the supporting
technical documentation adequate (Section 1.1.3). As detailed in Section 1.2.5 and 1.2.7, there
are two recommendations based on field observations that may help to maintain a safe and
trouble-free operation,

In summary, the Lawrence Energy Center Ash Impoundment is SATISFACTORY for
continued safe and reliable operation, with no recognized existing or potential management unit
safety deficiencies.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e.,
management unit) from occurring at electric utilities in an effort to protect lives and property
from the consequences of a dam failure or the improper release of impounded slurry. The EPA
initiative is intended to identify conditions that may adversely affect the structural stability and
functionality of a management unit and its appurtenant structures (if present); to note the extent
of deterioration (if present), status of maintenance and/or a need for immediate repair; to
evaluate conformity with current design and construction practices; and to determine the hazard
potential classification for units not currently classified by the management unit owner or by

a state or federal agency. The initiative will address management units that are classified as
having a Less-than-Low, Low, Significant or High Hazard Potential ranking. (For Classification,
see pp. 3-8 of the 2004 Federal Guidelines for Dam Safety).

In early 2009, the EPA sent its first wave of letters to coal-fired electric utilities seeking
information on the safety of surface impoundments and similar facilities that receive liquid-borne
material that store or dispose of coal combustion waste. This letter was issued under the
authority of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Section 104(e), to assist the Agency in assessing the structural stability and
functionality of such management units, including which facilities should be visited to perform a
safety assessment of the berms, dikes, and dams used in the construction of these impoundments.
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EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or
by-products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units. The EPA used the information
received from the utilities to determine preliminarily which management units had or potentially
could have High Hazard Potential ranking.

The purpose of this report is to evaluate the condition and potential of waste release from
management units for hazard potential classification. This evaluation included a site visit. Prior
to conducting the site visit, a two-person team reviewed the information submitted to EPA,
reviewed any relevant publicly available information from state or federal agencies regarding the
unit hazard potential classification (if any) and accepted information provided via telephone
communication with the management unit owner.

Factors considered in determining the hazard potential classification of the management units(s)
included the age and size of the impoundment, the quantity of coal combustion residuals or
by-products that were stored or disposed of in these impoundments, its past operating history,
and its geographic location relative to down gradient population centers and/or sensitive
environmental systems.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

LIMITATIONS

The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
waste management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of
work and in accordance with reasonable and acceptable engineering practices. No other
warranty, either written or implied, is made with regard to our assessment of dam safety.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1 CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit and review
of technical documentation provided by Westar Energy.

111

1.1.2

1.13

114

115

Conclusions Regarding the Structural Soundness of the Management
Unit(s)

The dike embankments appear to be structurally sound based on a review
of the engineering data provided by the owner’s technical staff and
Dewberry engineers’ observations during the site visit.

Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

Hydrologic and hydraulic data provided to Dewberry for review indicate
adequate impoundment capacity to contain the 1 percent probability
design storm without overtopping the dikes.

Conclusions Regarding the Adequacy of Supporting Technical
Documentation

The supporting technical documentation is adequate. Engineering
documentation reviewed is referenced in Appendix A.

Conclusions Regarding the Description of the Management Unit(s)

The description of the management unit provided by Westar Energy was
an accurate representation of what Dewberry observed in the field.

Conclusions Regarding the Field Observations

Dewberry staff was provided access to all areas in the vicinity of the
management units required to conduct a thorough field observation. The
visible parts of the dike embankments were observed to have no signs of
overstress, significant settlement, shear failure, or other signs of
instability, although visual observations were hampered by the presence of
thick vegetation in some areas. A recommendation is included in

Section 1.2.5 that could improve the ability to inspect and possibly prevent
future seepage problems associated with large tree and vegetation growth
on the embankments. Currently the embankments visually appear
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structurally sound. There are no indications of unsafe conditions or
conditions needing remedial action.

1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

The current maintenance and methods of operation appear to be adequate
for the ash management unit. There was no evidence of repaired
embankments or prior releases observed during the field inspection.

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and
Monitoring Program

The surveillance program appears to be adequate. A recommendation is
included in Section 1.2.3 that could assist in ensuring the adequacy of the
surveillance program. The management unit dikes are not instrumented.
Based on the size of the dikes, the history of satisfactory performance and
the current inspection program, installation of a dike monitoring system is
not needed at this time.

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

The facility is SATISFACTORY for continued safe and reliable
operation. No existing or potential management unit safety
deficiencies are recognized. Acceptable performance is expected
under all applicable loading conditions (static, hydrologic, seismic) in
accordance with the applicable criteria.

1.2 RECOMMENDATIONS
1.2.1 Recommendations Regarding the Field Observations

The large trees along the lower section of the western embankment should
be removed. A vegetation control program should be instituted to control
the type, amount, and height of vegetation on the outer embankment
slopes. Implementation of this recommendation will prevent the creation
of potential seepage paths in the embankment and allow for easier
inspection of the outer slopes and toes of the embankment.
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1.2.2 Recommendations Regarding the Maintenance and Methods of
Operation

These recommendations should improve the safety and operation of the
dike system:

e Continually repair animal burrows
e Implement the recommendation above in Section 1.2.1

1.2.3 Recommendations Regarding the Surveillance and Monitoring
Program

A written program should be developed to detail a regular scheduled
inspection of the dikes.
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2.0 DESCRIPTION OF THE COAL COMBUSTION WASTE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Lawrence Energy Center is located in Douglas County, Kansas in the City of
Lawrence. It is bounded on the Northeast by the Kansas River and the other sides
by developed farmland. The plant is operated by Westar Energy.

The Center utilizes four staging areas for drying the Coal Combustion Wastes
(CCW). These four areas are adjacent to the plant and shown on the project
location aerial photograph provided in Figure 2.1-1. CCW flows from the plant into
Area 2, then to Area 3, then to Area 4, and finally to Area 1, from which it is
discharged to the Kansas River via a NPDES-permitted outlet.

As shown in the figure, a perimeter dike runs along the northeast, northwest, west
and southwest edges of the CCW pond area. The southeast portion of Area 3, all of
Area 2, and the eastern end of Area 1 are all at grade. The Dewberry engineers
evaluated the perimeter dike as a single structure. The internal dikes are
occasionally shifted to accept varying amounts of wash from the plant. An
investigation was obtained from Golder Associates to assist in the safe
reconstruction of the internal dikes and is included in Appendix A — Doc 03.

Google*

Figure 2.1-1: Configuration of Ash Ponds at Lawrence Energy
Center, Lawrence, KS.
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The Lawrence Energy Center Ash Dike is constructed of silty clay. This material
was obtained by excavation of existing grades in the area. The first two units
(Areas 1 and 2) were constructed in 1969 and Areas 3 and 4 added in 1976. The
crest elevation of the perimeter dike is 839. A review of the design drawings
indicates a maximum perimeter dike height of 15 feet along the northwestern
section of the dike.

The impoundment area is approximately 47.4 acres and has a storage capacity of
683.5 acre-ft (See Appendix A — Doc 2). The storage in each of the cells is also
listed in this document and it is noted that the actual amount of storage varies from
zero to total capacity depending on plant operation.

2.2 SIZE AND HAZARD CLASSIFICATION

The classification for size, based on the height and storage capacity of the dam is
“Small” in accordance with the USACE Recommended Guidelines for Safety
Inspection of Dams ER 1110-2-106 criteria summarized in Table 2.2a.

Table 2.2a: USACE ER 1110-2-106
Size Classification

Impoundment
Category Storage (Ac-ft) Height (ft)
Small ? 25 and < 40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

Dams in the state are regulated by the Kansas Department of Agriculture. This
dike is not in the National Inventory of Dams, therefore the dike does not have an
established hazard classification. Dewberry conducted a qualitative hazard
classification based on the 2004 Federal Guidelines for Dam Safety classification
system (shown in Table 2.2b).
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Table 2.2b: FEMA Federal Guidelines for Dam Safety
Hazard Classification
Loss of Human Life Economic, Environmental,
Lifeline Losses
Low None Expected Low and generally limited to owner
Significant | None Expected Yes
High Probable. One or more Yes (but not necessary for
expected classification)
Ash Impoundment Dike 2-2
Westar Lawrence Energy Center Coal Combustion Waste Impoundment

Lawrence, Kansas Dam Assessment Report




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

FINAL

Loss of human life is not probable in the event of a catastrophic failure of the
perimeter dike. However, a failure of the perimeter dike could have an economic
and environmental impact. Therefore, Dewberry evaluated the perimeter dike
(Areas 1, 4, and 3) as “significant hazard potential.”

2.3 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN
THE UNIT(S) AND MAXIMUM CAPACITY

The Westar response attached as Doc 02 in Appendix A indicates that there is no
permanent storage or disposal in the units. The amount stored in each cell varies
from minimal to full capacity. Materials staged in the ponds include fly ash, bottom
ash, boiler slag and flue gas emission residues.

2.4 PRINCIPAL PROJECT STRUCTURES
2.4.1 Earth Embankment

The perimeter dike is an earthen embankment that merges into natural
grade on the south and northeast sides. The crest width is approximately
30 feet. The perimeter of the CWW impoundment area is approximately
2000 feet, with the perimeter dike being approximately 1100 feet and the
rest being at grade. The inside and outside slopes of the perimeter dike
embankment were designed to be 3:1, however some areas of the northern
slope were steeper. The Golder Report, Appendix A, Doc 04, indicates
that some of the inner slopes are steeper than 1H to 1V.

The southern and eastern areas of the impoundment are formed by
excavation of the original grade and merging the embankment into the
natural grade.

2.4.2 Outlet Structures

Water is discharged from Area 1 via an underground pipe to the Kansas
River, located approximately 0.1-mile to the northeast.

In addition, there is an emergency overflow structure in Area 1 that
discharges into a ditch at the toe of the northeastern portion of the
perimeter dike. Details of the structure are shown in Appendix A — Doc
05. The plant personnel believe the emergency overflow structure has
never been used.

The impoundment has no emergency spillway.
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2.5 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN
GRADIENT

Critical infrastructure inventory data were not provided to Dewberry for review.

Based on available area topographic maps, surface drainage in the area of the Ash
Pond is to the northwest. Baldwin Creek intercepts surface runoff and carries it to
the Kansas River. (Appendix A —Doc 01) Releases from the west side of the
impoundment will discharge into Baldwin Creek and/or agriculture fields.
Discharges from the northeastern portion of the perimeter dike will flow into
Baldwin creek and/or the Kansas River. Based on available aerial photographs and
a brief driving tour of the area, Dewberry did not identify any critical infrastructure
assets down gradient of the Ash Pond.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

Westar Lawrence Energy Center staff provided both hard copies and digital copies of the
documents listed in Appendix A.

3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS.

The State of Kansas Department of Agriculture regulates dams; however, the dikes
at this location are not currently regulated. Discharge from the impoundment outlet
is regulated by the Kansas Department of Health & Environment under a National
Pollutant Discharge Elimination System Permit (Permit No. KS0079821).

Data reviewed by Dewberry did not indicate any spills, unpermitted release, or
other performance-related problems with the dam over the last 10 years.

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Ash Impoundment Dike 3-1
Westar Lawrence Energy Center Coal Combustion Waste Impoundment
Lawrence, Kansas Dam Assessment Report




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

FINAL

4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

41 SUMMARY OF CONSTRUCTION HISTORY

411

41.2

413

Original Construction

The first two areas (Areas 1 and 2) of the impoundment were constructed
beginning in 1969 and the last two (Areas 3 and 4) were completed in
1976. The original design crest elevation was 839 feet (See Appendix A —
Doc 06).

Significant Changes/Modifications in Design since Original
Construction

Since the addition of Areas 3 and 4, the plant effluent wash moves through
Area 2 to parts of Area 3, then through Area 4 and finally to Area 1. The
cells within Areas 3 and 4 routinely undergo clean-out and are
occasionally reconfigured depending on plant demand. At the time of the
site visit, clean-out and reconstruction were taking place in Area 3, and an
18” clay liner was being placed over the bottom and inner slopes.

Significant Repairs/Rehabilitation since Original Construction

No information was provided regarding major repairs or rehabilitation.
No evidence of prior releases, failures, or patchwork was observed on the
earthen embankment during the visual site assessment and no documents
or statements were provided to the dam assessors that indicate that prior
releases or failures have occurred.

4.2 SUMMARY OF OPERATIONAL PROCEDURES

4.2.1 Original Operational Procedures
The impoundment was designed and operated for CCW sedimentation and
control. The pond receives plant coal combustion waste slurry and
stormwater runoff from the pond embankments. Treated (via
sedimentation) process water is discharged through the NDPES discharge
point. An overflow outlet structure in Area 1 is present, but there is
generally no overflow.
Ash Impoundment Dike 4-1
Westar Lawrence Energy Center Coal Combustion Waste Impoundment
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4.2.2 Significant Changes in Operational Procedures and Original Startup

No documents were provided to indicate any operational procedures have
changed.

4.2.3 Current Operational Procedures

Operations are conducted the same as stated above with the exception that
the plant coal combustion waste may be placed in different cells within
each Area depending on availability.

4.2.4 Other Notable Events Since Original Startup

No additional information was provided to Dewberry of other notable
events impacting the operation of the impoundment.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Gilbert Jones, P.E. and Frank Lockridge, P.E. performed a site
visit on Thursday, September 24, 2010 in company with the participants.

The site visit began at 9:00 AM. The weather was warm and sunny. Photographs
were taken of conditions observed. The Dam Inspection Checklist is provided in

Appendix B. Selected photographs are included here for ease of visual reference.
All pictures were taken by Dewberry personnel during the site visit.

The overall assessment of the dam was that it was in satisfactory condition and no
significant findings were noted.

52 NORTHEASTERN PORTIONS OF PERIMETER DIKE (AREAS 1 AND 4)
5.2.1 Crest

The crest of the northeastern portion of the perimeter dike had no signs of
depressions, tension cracks, or other indications of settlement or shear

failure, and appeared to be in satisfactory condition. Figure 5.2.1-1 shows
the condition of the crest of the northeastern portion of the perimeter dike.

Figure 5.2.1-1: Crest of Northeastern Portion of the
Perimeter Dike.
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5.2.2 Inside Slope

The inside dike embankments are mostly unprotected. Much of the
interior embankment was substantially vegetated. Figure 5.2.2-1 shows
the general condition of the inside slope of the northeastern portion of the
perimeter dike (Area 1).

Figure 5.2.2-1: Inside Slope of the Northeastern Portion
of the Perimeter Dike.

There were no observed scarps, sloughs or other indications of slope
instability.

5.2.3 Outside Slope and Toe

The outside slope of the northeastern portion of the perimeter dike
embankment is bordered by a small ditch that drains to Baldwin Creek and
runs along the railroad embankment, see Figure 5.2.3-1. The outside slope
is covered with various species of tall grass and other vegetation. The
steepness of the slope makes access difficult. Dewberry inspectors were
not able to access parts of the toe of the embankment.
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Figure 5.2.3-1: Outside Slope of Northeastern Portion of
Perimeter Dike (Area 1).

The emergency overflow outlet discharges at the base of the northeastern
slope of the perimeter dike. The heavy vegetation made access to this area
impossible, see Figure 5.2.3-2.

Figure 5.2.3-2: Vegetative Growth in the Area of the
Overflow QOutlet.
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Abutments and Groin Areas

The perimeter dike is continuous therefore there are no abutments.
Descriptions of groin areas are included in the description of the perimeter
dike crest and slopes.

53 NORTHWESTERN AND WESTERN PORTIONS OF PERIMETER DIKE
(AREAS 4 AND 3)

531

5.3.2

Crest

The crest of the northwest and west portions of the perimeter dike had no
signs of any depressions, tension cracks, or other indications of settlement
or shear failure, and appeared to be in satisfactory condition.

Upstream/Inside Slope

The inside slope of the western portion of the perimeter dike revealed
varying amounts of exposed earth embankment depending on the amount
of sediment or plant wash contained in them. Similar to most areas,
substantial vegetation was observed on the interior of the perimeter dike in
Area 4, see Figure 5.3.2-1.

Figure 5.3.2-1: Inside Slope of Northwest Portion of
Perimeter Dike (Area 4).
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At the time of the site visit, Area 3 was drained and the ash was being
removed. A clay liner was being installed and the slope was being
restored to 3:1, see Figure 5.3.2-2.

Figure 5.3.2-2: Inside Slope of Western Portion of
Perimeter Dike (Area 3).

5.3.3 Outside Slope and Toe

Figure 5.3.3-1 shows the general condition of the outside slope. The
outside slope of the northwestern and western portions of the perimeter
dike is heavily vegetated, including some large trees in the lower portion
and toe areas, see Figure 5.3.3-2. The northwestern portion of the
perimeter dike is bordered by Baldwin Creek and a dirt road, which
appeared to be seldom-used based upon the vegetation growing in the
roadway, see Figure 5.3.3-3. There were no observed scarps, sloughs,
bulging, cracks, or depressions or other indications of slope instability or
signs of erosion.
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Figure 5.3.3-1: Typical Condition of Outside Slope of
Western Portion of Perimeter Dike.

Figure 5.3.3-2: Trees on Outside of Western Portion of
Perimeter Dike.
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Figure 5.3.3-2: Agricultural Land to West of the Ash
Ponds.

5.3.4 Abutments and Groin Areas

The perimeter dike is continuous therefore there are no abutments on the
northwestern or western side.

54 SOUTHERN PORTION OF PERIMETER DIKE (AREA 3)
5.4.1 Crest

The crest of the southern portion of the perimeter dike had no signs of
depressions, tension cracks, or other indications of settlement or shear
failure, and appeared to be in satisfactory condition. This is the section of
the impoundment that merges into natural terrain. It currently is bordered
by a laydown yard, storm water pond, and solid waste disposal area to the

south.
Ash Impoundment Dike 5-7
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5.4.2 Inside Slope

There were no observed scarps, sloughs, bulging, cracks, or depressions or
other indications of slope instability or signs of erosion. Figure 5.4.1-1
above shows the general condition of the inside slope of the southern
portion of the perimeter dike.

Figure 5.4.1-1: Looking East Across Storm Water Pond on South Side of Ash
Pond Area (Southern Edge of Area 3). Closed landfill is seen in
background.
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5.4.3 Outside Slope and Toe

The south side of Area 3 is bordered by a storm water pond, which is
contained within the perimeter dike, see Figure 5.4.3-1.
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O Figure 5.4.3-1: Outside of the Stormwater Pond Embankment on South

a Side.

>

=i

&

Q.

LLJ

2

-
Ash Impoundment Dike 5-9
Westar Lawrence Energy Center Coal Combustion Waste Impoundment

Lawrence, Kansas Dam Assessment Report




FINAL

A shallow ditch connecting Areas 2 and 3 is immediately adjacent to the
southern portion of Area 2 of the ash pond area, see Figure 5.4.3-2. The
banks of the ditch are at natural grade.

Figure 5.4.3-2: Ditch Connecting Areas 2 and 3.
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5.4.4 Abutments and Groin Areas

The east end of the southern portion of the perimeter dike, along the south
edge of the storm water pond, ties into a road embankment, see
Figure 5.4.4-1.

Figure 5.4.4-1: Tie-in of southern portion of perimeter dike
to road embankment.
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55 OUTLET STRUCTURES

5.5.1 Overflow Structure

The plant personnel believe the overflow structure in Area 1 has never
been used. It visibly appears to be in working condition; however, we
were not able to access the discharge outlet, see Figure 5.5.1-1.

Figure 5.5.1-1: Overflow Outlet Structure (Area 1).
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5.5.2 Outlet Conduit

Water from Area 1 is discharged via a pipe in the northeast corner of
Area 1 to the Kansas River (Figure 5.5.2-1).

Figure 5.5.2-1: Inlet end of the Area 1 Outlet Structure that
leads to the Kansas River.

5.5.3 Emergency Spillway
No emergency spillway is present.
55.4 Low Level Outlet

No low level outlet is present.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION
6.1.1 Flood of Record
No documentation has been provided about the flood of record.
6.1.2 Inflow Design Flood

No documentation has been provided about the inflow design. Note that
the stormwater flow into the ash pond system in minimal; nearly all
stormwater on the plant is directed to a separate storm water pond and/or
drains.

6.1.3 Downstream Flood Analysis
No downstream flood analysis data were provided for review
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Supporting hydrologic documentation is inadequate.
6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

Stormwater flow into the ash pond system is minimal based upon a review of
available topographic information, site plans, and field observations. Nearly all
stormwater on the plant is directed to a separate storm water pond and/or drains.
Therefore dike failure by overtopping seems improbable.
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION
7.1.1 Stability Analyses and Load Cases Analyzed

After responding to the 2009 EPA Request for Information in preparation
for this site visit, Westar Energy commissioned an evaluation of the ash
pond berm stability. This study was performed by Golder Associates in
December 2009 and is attached in Appendix A — Doc 04. Field sampling
and laboratory testing were performed on samples obtained from four soil
test borings performed on the perimeter dike along the north and western
boundaries of the impoundment. Ground water was not encountered in
any of the borings.

Stability analyses were run on two cross sections of the berm believed to
represent the typical construction of the berm. An analysis was performed
for two conditions:

e Static conditions based on assumed CCW and water levels shown
in the report.

e Seismic loading applied to steady state loading. A horizontal
acceleration of 0.05 g was used for seismic loading

Based on the results of the analyses it was concluded that the
embankments have stability safety factors at or above the minimum
recommended values.
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Design Parameters and Parameters of Materials

The documentation indicated the stability analyses assumed three material
strata. The stratigraphy of the berms consisted of 1-5 feet of asphalt and
bottom ash road base underlain by layers of low plastic clay and with
higher plastic clay in the lower parts of the berm. The material properties
used for the primary stability analyses are shown in Table 7.1.2.

Table 7.1.2: Engineering Properties

Material Unit Weight Friction Angle Cohesion
CCw 85 pcf No strength

Clay (P1=39) 116 pcf 26 260 psf
Clay (P1=50) 116 pcf 28 410 psf

Uplift and/or Phreatic Surface Assumptions

The phreatic surface assumed a straight line between the upstream edge of
the berm crest and the static groundwater level at the borehole location.

Factors of Safety and Base Stresses

The safety factors computed in the Slope Stability Analysis report (See
Appendix A - Doc 04) are listed in Table 7.1.4.

Table 7.1.4: Stability Analysis Results

. Computed Factor of | Minimum Factor of
Cross Section
Safety Safety
Sect. 1-Static 3.0 15
Sect. 1-Seismic 2.7 1.1
Sect. 2-Static 3.1 15
Sect. 2-Seismic 2.5 1.1

The slope stability analyses indicate that the calculated safety factors
against slope failures are greater than the recommended minimum values.

Liquefaction Potential

The documentation reviewed by Dewberry did not include an evaluation
of liquefaction potential. Foundation soil conditions do not appear to be

susceptible to liquefaction.
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7.1.6 Critical Geological Conditions

Surficial geologic deposits are sedimentary alluvial and low terrace
deposits consisting of firm to stiff silty clays and/or clayey silts.

In the stability analyses (See Appendix A-Doc 04) a peak ground
acceleration of 0.05g was used for seismic loading. This corresponds to a
2% probability of exceedance in 50 years in accordance with the current
USGS Seismic Risk Map of the United States. The seismic design criteria
used in the analyses are appropriate for the Lawrence Energy Center Ash
Pond.

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Structural stability documentation is adequate.
7.3 ASSESSMENT OF STRUCTURAL STABILITY

Overall, the structural stability of the perimeter dike appears to be satisfactory based
on the observations during the Sept. 24, 2010 field visit by Dewberry and the 2010
Slope Stability Analysis report (See Appendix A - Doc 04):

e The crest appeared free of depressions and no significant vertical or horizontal
alignment variations were observed,

e There were no indications of major scarps, sloughs or bulging along the dikes,

e Boils, sinks or uncontrolled seepage was not observed along the slopes, groins
or toe of the dikes,

e The computed factors of safety comply with accepted criteria.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATIONAL PROCEDURES

The facility is operated for temporary storage of fly ash, bottom ash, boiler ash, and
flue gas emission control residual deposits. Treated coal combustion process waste
water is discharged through an NPDES monitored outlet structure.

8.2 MAINTENANCE OF THE IMPOUNDMENT DIKE AND PROJECT
FACILITIES

Plant management has established the following maintenance procedures:

¢ Daily inspection by plant personnel.
e Review of the status of each cell by senior plant personnel on a weekly basis.

e Maintaining a uniform cover of suitable species of grass on embankment
slopes.

e Protecting dam crests by a suitable thin asphalt or granular surface.

o Not allowing trees and woody brush on the outside slopes, crest and along the
water line of the dikes.

8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operational Procedures

Based on the assessments of this report, operation procedures seem to be
adequate.

8.3.2 Adequacy of Maintenance

Although maintenance appears to be adequate, several recommendations
have been made. These include:

e Immediately implementing a program to remove the large trees along
the outside slope of the northwestern portion of the perimeter dike

e Develop and implement a vegetation control program for all the dikes
o Develop a written periodic inspection program of the dike condition

e Check the serviceability of the overflow structure
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES

Weekly Inspections

Weekly inspections are conducted by plant personnel.

Special Inspections

No special inspections have been conducted at the Lawrence Energy Center ash
pond by regulatory or plant personnel.

9.2 INSTRUMENTATION MONITORING

The Lawrence Energy Center ash impoundment dikes do not have an
instrumentation monitoring system.

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Based on the data reviewed by Dewberry, including observations during
the site visit, the inspection program is adequate.

9.3.2 Adequacy of Instrumentation Monitoring Program

The Lawrence Energy Center ash dikes are not instrumented. Based on
the size of the dikes, the portion of the impoundment currently used to
store wet fly ash and stormwater, the history of satisfactory performance
and the current inspection program, installation of a dike monitoring
system is not needed at this time
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Doc 01: Aerial Map
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Doc 02: Westar Response to EPA Request for Information
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Doc 03: Golder Associates Stability Study of Internal Dikes
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APPENDIX B - PHOTOGRAPHS

1.

2.
3.

10.

11

13.

14.
15.

16.

17.

18

19.

20.

21

22.

23.

24.
25.
26.
27.

Exterior of northeastern portion of perimeter dike - Taken from east end of Area 1,
looking west.

Discharge pipe at east end of Area 1.

Interior of northeastern portion of perimeter dike — Taken from east end of Area 1,
looking west.

Exterior of northeastern portion of perimeter dike — Taken from east end of Area 1,
looking west.

Emergency overflow structure — west end of Area 1.

Outfall of emergency overflow structure — exterior of north side of Area 1 dike.
Heavy vegetation made access to outfall impractical.

Exterior of dike — Taken from north side of Area 4 looking south, up side of dike.
Interior separation dike, separating Area 1 from Area 4 — Taken from north end,
looking south.

Top of northeastern portion of perimeter dike — Taken from midpoint between Area 1
and 4 looking west.

Interior of northeastern portion of perimeter dike in Area 4 — Some minor
washout/erosion observed.

. Close-up of 10.
12.

Exterior of northeastern portion of perimeter dike (Area 4) — heavy vegetation
observed.

Exterior of northwestern portion of perimeter dike (Area 4) — heavy vegetation and
tress observed.

Interior of northwestern portion of perimeter dike (Area 4).

Exterior of northwestern portion of perimeter dike (Area 4) — 10 tree observed at toe
of embankment.

Exterior of northwestern portion of perimeter dike (Area 4) — multiple trees observed
on embankment.

Baldwin Creek flow near toe of northwestern portion of perimeter dike (Area 4).

. Exterior of northwestern portion of perimeter dike (Area 4) — 10” tree observed at toe

of embankment.

Interior of western portion of perimeter dike — Taken from midpoint (between Area 3
and 4) looking north.

Interior of western portion of perimeter dike (Area 3) — Taken from western dike
looking south along interior of dike. Clay liner being installed.

. Interior separation dike (Area 3) — Taken from western portion of perimeter dike

looking east along interior separation dike. Clay liner being installed.

Looking west towards agricultural fields — Taken from top of western portion of
perimeter dike (Area 3).

Storm water pond at south end of ash pond area/Area 3 — Taken from western dike
looking east.

Storm water pond discharge pipe on interior of south side of Area 3.

Storm water pond outfall pipes on exterior of south side of Area 3.

South side of storm water pond (Area 3).

Exterior tie-in of perimeter dike to existing grade/road embankment along south side
of Area 3.



28. Interior tie-in of perimeter dike to existing grade/road embankment along south side
of Area 3.

29. Area 2/middle cell — Taken from west end looking east.

30. Channel connecting Area 2 and Area 3 — Taken from east end looking west.

31. Area 2/south cell — Taken from southwest corner looking northeast.
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Doc 04: Golder Associates Evaluation of Berms
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(See Attachment A of Doc. 3 - Golder Associates Stability Study of Internal Dikes)
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(See Attachment C of Doc. 3 - Golder Associates Stability Study of Internal Dikes)
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Doc 05: Black & Veatch Congruction Drawings— Outlet Structures
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PHOTOGRAPHS
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Photo L og
Site Visit - Lawrence Energy Center Coal Ash Ponds, Lawrence, KS
September 23, 2010

1. Exterior of northeastern portion of perimeter dike — Taken from east end of Area 1, looking west
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2. Discharge pipeat east end of Areal




3. Interior of northeastern portion of perimeter dike — Taken from east end of Area 1, looking west

4. Exterior of northeastern portion of perimeter dike — Taken from east end of Area 1, looking west
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5. Emergency overflow structure —west end of Area 1

6. Ouitfall of emergency overflow structure— exterior of north side of Area 1 dike. Heavy vegetation made
access to the outfall impractical.
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7. Exterior of perimeter dike — Taken from north side of Area 4 looking south, up side of dike.

8. Interior separation dike, separating Area 1 from Area4 - Taken from north end, ooking south.
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9. Top of northeastern portion of perimeter dike — Taken from midpoint between Area 1 and 4 looking west.

10. Interior of northeastern portion of perimeter dikein Area 4 — Some minor washout/erosion observed.
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11. Close-up of 10.

12. Exterior of northeastern portion of perimeter dike (Area4) —heavy vegetation observed.
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13. Exterior of northwestern portion of perimeter dike (Area4) —heavy vegetation and trees observed.

14. Interior of northwestern portion of perimeter dike (Area4)
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15. Exterior of northwestern portion of perimeter dike (Area4) — 10" tree observed at toe of embankment.

16. Exterior of northwestern portion of perimeter dike (Area4) —multiple trees observed on embankment.
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17. Baldwin Creek flowing near toe of northwestern portion of perimeter dike (Area4)

18. Exterior of northwestern portion of perimeter dike (Area4) — 10" tree observed at toe of embankment.
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19. Interior of northwestern portion of perimeter dike — Taken from midpoint (between Area 3 and 4) looking
north

20. Interior of western portion of perimeter dike (Area 3) — Taken from western dike looking south along
interior of dike. Clay liner being ingalled
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21. Interior separation dike (Area 3) — Taken from western portion of perimeter dike looking east along interior
separation dike. Clay liner being installed

22. Looking west towards agricultural fields— Taken from top of western portion of perimeter dike (Area 3).
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23. Storm water pond at south end of ash pond area/Area 3 — Taken from western portion of perimeter dike
looking east.

24. Storm water pond discharge pipe on interior of south side of Area 3.
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25. Storm water pond outfall pipes on exterior of south side of Area 3.

26. South sde of storm water pond (Area 3).
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27. Exterior tie-in of perimeter dike to existing grade/road embankment a ong south side of Area 3.

28. Interior tie-in of perimeter dike to existing grade/road embankment along south side of Area 3.
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29. Area2/middle cell — Taken from west end looking east.

30. Channd connecting Area 2 and Area 3 — Taken from east end looking west.
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31. Area2/south cell — Taken from southwest corner |ooking northeast.
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APPENDIX C

DAM INSPECTION CHECK LIST
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US Environmental

Coal Combustion Dam Inspection Checklist Form Protection Agency
Site Name: E5TAR Luiiiy Date: | 2 2.0
" Loweswcs LrEnsy Cre. V| fed 2 2 Fos0

Unit Name: . 7 ] .

/f,g £4 4,23, 51 Operator's Name:

UnitlD.; | €omiéias _ | Hazard Potential Classification: | High[ ] significant| ] Low [ ]
- Pogisie TEge, DPire
1 . -
Inspedors Name: /ﬁ SO LM s g J;&‘ﬁ

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

Yes | No Yes No
1. Frequency of Company's Dam Inspections? Hore it Zreiiia | 18. Sloughing or bulging on slopes? .
2. Pool elevation {operater records)? Yo 19. Major erosion or slope deterioration? bl
3. Decant infet elevation (cperator records)? #2270 20. Decant Pipes:
4. Open channel spillway elevation {operator records)? A Is waler entering intet, but not exiting outlet? 4
5. Lowest dam crest elevation (operator records)? 7 44 Is water exiting outtet, but not entering infet?
6. If instrumentafion is present, are readings reccrded ' o .
(operator records)? X Is water exiting outlet flowing clear?
. Ferwad | Suderer /| 21 Seepage {specify location, if seepage carries
n s page {specify , if seepag
7. Is the embankment currentiy under construction? diter Ngn oo ;| fines, and approximate seepage rate below):
8. Foundation preparation (remove vegetation, stumps, A2 s o
topsil in area where embankment il will be placed)? oy T From underdrain’? /
9. Trees growing on embankment? (i so, indicate . . , ,
largest diameter below) wfo Gg At isciated poinis on embankment slopes?

10. Cracks or scarps on crest? At natural hiflside in the embankmest area?

Hd

11. Is there significant settlement along the crest? Over widespread areas?

12. Are decant trashracks clear and in place? " b ) From downstream foundation area?

13. Depressions or sinkholes in tailings surface or whirlpoc!

JA A TS TAPSPY 7S IR

in the pad area? #. Boils" beneath stream or panded water?
14, Clogged spiftways, groin or diversion ditches? e Around the outside of the decant pipe?
) o . 22. Surface moverents in vafley boitom or an
? -
15. Are spillway or ditch finings deteriorated? il hillside?
16. Are outlets of decant or underdrains blocked? 23. Water against downstream toe?
24. Were Photos taken during the dam

2 N

7. Cracks or scarps on slopes? *f inspection? ?i:

Major adverse changes in these items could cause instability and should be reported for further evaluation. Adverse conditions noted in these items should
normally be described {extent, location, voiume, etc.} in the space below and on the back of this sheet.

lssuec # Comments 77 /’fz
é?f/?’ /// v

wf”“’ﬁ‘?’ Ve

E/ ,/ 7 4 e ,?‘/
RS COvi T ey 2l o8 S Vﬁa@fﬁmﬂ#f Tt

wwﬁf‘/fﬂg ,z;/;ii/é) g/m &;/// gyw/@f/ ,f’f B w%f* o SR b 2 fff‘/s“

o Vi
g{ffé/fz&,;? g.»:’;f " ’/”%{/’f g?ﬁ’?i{ I BT m&wﬂ” ep {;:f"( AEG? 3 oy o erped Fow P

I
bt &




US Environmental

Coal Combustion Dam Inspection Checklist Form Protection Agency

Coal Combustion Waste (CCW)
Impoundment inspection

Impoundment NPDES Permit &S00 7762/ INSPECTOR
Date '?2 5,;/52@;9? -

impoundment Name ‘,«je__&_&{fyﬂig 4;;57?{»&‘5@ {oadgr"

oy
Impoundment Company Mff’ﬁsf‘” Lot ‘*i‘ff-
EPA Region 7

. - S 7 £ £ e.\:
State Agency L. Degaf, o/ < 74/ FEA et P /zé’f‘ HE )

(Field Office) Address /"V(} S \/;wfgg,«{, So ke @zf»f ?ﬂ‘%f@; Y ééﬁf& /—fé’é

/f

Name of Impoundment Sergace gﬂ__/;éi% Py A
w? §

(Report each impoundment on a separate form under the same Impoundment NPDES Permit number)

New D Update l:[

Yes No
. /&‘Z«fg 4
Is impoundment currently under construction? l:l
Is water or ccw currently being pumped into the impoundment? D
IMPOUNDMENT FUNCTION:
Nearest Downstream Town Name: Z:?wv‘;éffgg AL
Distance from the impoundment: SIS T
Location:
. 2 . o ah o
Latitude § ¢ Degrees Minutes -~ 9, ¥4} Seconds N
Longitude ?3’&” Degrees jé Minutes /95 & ﬁé Seconds w
State /{ﬁgﬁjﬁ‘@ﬁ- County EAYS i LT,
Yes No
Does a state agency regulate this impoundment? X D

If So Which State Agency? A BEE



US Environmental
Coal Combustion Dam Inspection Checklist Form Protection Agency

HAZARD POTENTIAL (In the event the impoundment should fail, the following would occur):

,:, LESS THAN LOW HAZARD POTENTIAL: Failure or
misoperation of the dam results in no probable loss of human life or

economic or environmental losses.

D LOW HAZARD POTENTIAL: Dams assigned the low hazard
potential classification are those where failure or misoperation results in
no probable loss of human life and low economic and/or environmental
losses. Losses are principally limited to the owner’s property.

@ SIGNIFICANT HAZARD POTENTIAL: Dams assigned the
significant hazard potential classification are those dams where failure
or misoperation results in no probable loss of human life but can cause
economic loss, environmental damage, disruption of lifeline facilities,
or can impact other concerns. Significant hazard potential classification
dams are often located in predominantly rural or agricultura) areas but
could be located in areas with population and significant infrastructure,

D HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will

probably cause loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

fe%;; resedF i

FoepFire asode ff@éiféf

éf}fé@ ﬁ’ii%ﬁf > 3%‘" ;"

S5 oy
Gos 24 Loarin, f‘;’{ bt ﬁﬁgfaf f:ff)w;*ﬁ{’( z ammwuésm‘/f@”f Trante? 12/
s v £ y
/ g s asr & ;’s.{xm‘fff;« AT
ﬁ;ﬁ/f}ﬂﬁ?ﬁ };{f o fﬁéﬁ?;ﬁf’ﬁfﬁg varé//?»:? éi«"a';’i' 3“;?

e

e efé/" Af@ﬁz»s i,



US Environmental
Coal Combustion Dam inspection Checklist Form Protection Agency

Water 4r eow

aniginal pround

INCISED

‘—_—I Cross-Valley Side-Hill I:I Diked

Incised {form completion optional) E Combination Incised/Diked
s ﬁ “ =
Embankment Height {ft) Embankment Material Sf/{”zj ‘“{i?
Pool Area (ac) Liner
Current Freeboard {ft) Liner Permeability

i . s \
Kfaeh T wrs sn THE FRDESS OF  EEMgG ExeAdATED g > e LovERe (3 cess g
e ’
Feopns FETRACETS | THE LimEr  OF i s THEFS TS Colivn SUBF D
d L ’ B

e TRAETD e g

INTEETED DU TRE vsiT SnEE TEEY



US Environmental

Coal Combustion Dam Inspection Checklist Form Protection Agency

TYPE OF OUTLET {(Mark all that apply)

Open Channel Spillway /?f;/,ﬁ

[] Trapezoidal TRAPEZOIDAL TRIANGULAR
[] Triangular Top Width Top Width
Rect i \ > N\ /5"““‘““‘“‘““‘
ular
D eclang W Depth
(] Irregular L — ,
Bottom
Width
depth (ft) ‘
average bottom width (ft)  recTANGULAR IRREGULAR
. Average Width
top width (ft) —— S e
o N7
Daepth
D
Width
Outfet

Instde | Diamcter

Material

] corrugated metal

] welded steel

El concrete

(] plastic (hdpe, pvc, etc.)
] other (specify):

Yes No

Is water flowing through the
outlet? ] L]

[[] No Outiet

] Other Type of Outlet
(specify):




us Enw‘ronmental % E g E
Pratection Agency % SIS

Coal Combustion Dam Inspection Checklist Form

Yes No

Has there ever been a failure at this site? [ ]

If So When?
If So Please Describe :

Aot

O
Lk

// e a’fz'«;/ ;,?g fﬁ;’f’f‘j?



US Environmental
Coai Combustion Dam Inspection Checklist Form Protection Agency

Has there ever been significant seepages
at this site?

If So When?

If So Please Describe :



Coaf Combustion Dam Inspection Checklist Form

Has there ever been any measures undertaken to
monitor/lower Phreatic water table ievels based
on past seepages or breaches

at this site?

if so, which method (e.g., piezometers, gw
pumping,...)?

If So Please Describe :

Yes

US Environmental
Protection Agency

No




US Environmental
Coal Combustion Dam Inspection Checklist Form Protection Agency

ADDITIONAL INSPECTION QUESTIONS
Concerning the embankment foundation, was the embankment construction built over wet ash, slag, or
other unsuitable materials? If there is no information just note that.

ﬁgf;‘ f‘;’f{fﬁ T T A

Did the dam assessor meet with, or have documentation from, the design Engineer-of-Record concerning
the foundation preparation?

o

From the site visit or from photographic documentation, was there evidence of prior releases, failures,
or patchwork on the dikes?

VY.
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