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CORPORATE EHS SERVICES

Duke

Ener QY® Duke Energy Corporation
526 South Church St.
Charlotte, NC 28202

Mailing Address:

EC13K/PO Box 1006
Charlotte, NC 28201-1006

Via E-Mail and Overnight Courier

February 4, 2011

Mr. Stephen Hoffman

US Environmental Protection Agency
Two Potomac Yard

2733 S. Crystal Drive

5" Floor, N-237

Arlington, VA 22202-2733

Re: Response to EPA letter regarding Dam Safety Assessment Report
Wabash River Generating Station, Vigo County, Indiana

Dear Mr. Hoffman:

Duke Energy Indiana (DEI) received the letter from Suzanne Rudzinski, Director of the Office of
RCRA of the United States Environmental Protection Agency (EPA) dated January 7, 2011 and
the final report from O’Brien & Gere titled “Dam Safety Assessments for CCW Impoundments
for Wabash River Generating Station.” The site assessment of the Primary Ash Pond (Pond A
and Pond B), Secondary Ash Pond, and South Ash Pond was conducted by the EPA’s
engineering contractors on May 11, 2010.

DEI supports EPA’s objective to ensure the safe operation and maintenance of coal combustion
residue (CCR) impoundments and is committed to meeting all state and federal requirements.
Based on ongoing monitoring, maintenance and inspections, DEI is confident that the CCR
impoundments have the structural integrity necessary to protect the public and the environment.
The O’Brien and Gere report on the Wabash River Generating Station supports this conclusion
and found that acceptable performance is expected in accordance with the applicable safety
regulatory criteria.

Today’s submittal is in response to the above referenced letter from EPA dated January 7,
2011. As outlined in EPA’s letter the contractor made several recommendations addressing
minor deficiencies and secondary studies/investigations. The DEI response to each of these
recommendations can be found in the first attachment. If you have any questions regarding the
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responses, comments, or need additional information, please contact Richard Meiers at 317-
838-1955. '

Sincerely,
Duke Energy Indiana

2

7,7 Wyl

R. F. Klopfstein
General Manager
Wabash River Station

Attachment (2)
s DEl Responses o EPA Recommendations
e Addendum to Sargent and Lundy Pond Examination Report — additional information
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Attachment - DEI Responses to EPA Recommendations

6.1. URGENT ACTION ITEMS

None of the recommendations are considered to be urgent, since the issues noted above do not
appear to threaten the structural integrity of the impoundments in the near term.

DEI Response

DEI agrees.

6.2. LONG TERM IMPROVEMENT

Primary and Secondary Ash Ponds

The soil strength data and other basic data used in the stability analysis completed by Sargent
& Lundy were not presented in their report; therefore, we cannot comment on the validity of the
analysis. We recommend that an addendum to the report be prepared that presents the basis of
the analysis. If the data used in the analysis cannot be substantiated with a reasonable degree
of confidence, additional investigation of the east dike may be required to provide valid data for
the slope stability analysis.

DEI Response

The additional information referenced above was not provided to the contract inspectors
during the site visit but was provided by DEI as an attachment to our comments on the
draft report. The attachment included the additional information used as the basis for
the slope stability analysis for the Sargent and Lundy Pond Examination Report. The
attachment is again included with these responses. This recommendation is considered
complete.

A hydrologic and hydraulic analysis should be performed to evaluate the potential for
overtopping of the embankments during a 100-year to 50 percent PMP flood event and to
identify a maximum surcharge pool elevation for slope stability analysis of that loading case.

DEI Response

DEI will have a hydrologic and hydraulic analysis for the Primary and Secondary Ash
Ponds conducted by an independent engineering firm. This analysis will be completed
by December 31, 2011.

Large trees growing in the outboard slope of the east dike and within five feet of the toe of the
outboard slope of Primary Pond A should be removed along with other woody vegetation in
accordance with standard dam safety practice. The primary reason behind the standard practice
to remove trees from embankment dams is due to the potential for an uprooted tree to
jeopardize the stability of the embankment and shorten seepage paths through the dike. Given
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that the Primary Pond A is nearly full of ash and does not retain a significant quantity of surface
water (or liquid wastes) and no evidence of seepage was observed at the toe of this dike, the
argument that the trees provide a measure of stability against rising and falling Wabash River
levels may have merit, but only if it can be shown through investigation and analysis that the
embankment will retain adequate stability should trees be uprooted, and if there is no future
intent to remove the impounded ash and return Primary Ash Pond A to retaining large volumes
of surface water or liquid wastes. If a decision is made to leave the trees in place, we
recommend that underbrush and new tree growth be maintained to allow foot access for future
visual inspections of the slope.

DEI Response

DEI will remove the underbrush and have this completed as soon as practical but no
later than October 1, 2011. Any new tree growth will be noted during inspections and
removed as necessary as soon as practical. DEI will have an independent engineering
firm evaluate the impact of uprooted trees and have that completed by December 31,
2011.

The trees growing along the outboard slope and within 5 feet of the toe of the Secondary Ash

Pond dike should be removed. Additional maintenance recommendations are provided below:

¢ Remove trees/control heavy vegetation along freeboard of upstream slopes

e Place additional gravel road base in low areas on crest and re-grade to maintain positive
drainage

¢ Monitor outboard slopes for erosion and repair if conditions worsen

DEI Response

DEI will remove trees growing along the outboard slope along the toe of the Secondary
Ash pond dike and additional gravel will be placed in low areas on the crest. DEI will re-
grade the road to maintain positive drainage. This will be completed as soon as
practical but no later than October 1, 2011. Outboard slopes will be inspected in
accordance with the DEI inspection program.

South Ash Pond

In general, the South Pond appeared to be in good condition. No major improvements to the

South Pond are recommended at this time. Some minor maintenance recommendations are

provided below:

e Place and compact additional gravel road base to provide minimum 6-inches of cover over
non-woven geotextile along crest roads and secondary roads.

o Mow vegetated slopes at least twice annually to control vegetation

e Repair erosion along groin on outboard northwest corner of the South Pond

DEI Response

DEI will place and compact additional gravel to maintain 6” of cover on areas where
geotextile is exposed on the access road for the South Pond and will have that
completed as soon as practical but no later than December 31, 2011. DEI agrees to
mow the vegetation at least twice a year on the South Ash Pond berms beginning in the
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year 2011. Erosion along the groin on the NW corner of the South Pond will be repaired
as soon as practical but no later than October 1, 2011.

6.3. MONITORING AND FUTURE INSPECTION

The quarterly internal inspections should continue as planned; however, we recommend that the
inspections be documented on a standard dam safety inspection checklist similar to the one
provide by IDNR. Consideration should be given to inspections by licensed dam safety
engineers on a regular basis to document the continued proper maintenance and operation of
the CCW impoundments.

DEI Response

DEI has developed and implemented a formal ash pond dike inspection program with
scheduled inspections performed by internal and third party personnel that meet the
criteria listed above. Written records of the inspections will be created and
maintained. This recommendation is considered complete.

6.4. TIME FRAME FOR COMPLETION OF REPAIRS/IMPROVEMENTS
We recommend that the addendum or additional investigations needed to substantiate the
stability analysis of the east dike of the Primary Pond A and Secondary Pond be completed

within one year of this inspection. Other recommended maintenance items should be completed
as soon as practical within one year of this inspection.

DEI Response

As noted above in each response, DEI has identified when each task will be completed.
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1.0 Purpose

The purpose of this calculation is to determine the factors of safety of the existing exterior slopes of
the Fly Ash Pond A dike, Pond B dike, and the Secondary Settling Pond Dike for the static and
seismic conditions at the Wabash River Generating Station near Terre Haute, Indiana.

2.0 Design Input

The subsoil profile, the geotechnical laboratory test results, and the recommended in-situ and
embankment fill soil parameters were obtained from Ref. 1. The available borings nearest the
pond location are B-11 and B-14 in Ref.1 (See also Fig. 1).

Dike cross-sections and the cross-section locations were obtained from Refs. 2, 3, 4, 5.

Top elevation of all pond dikes was considered at approximately El. 484" per Refs. 3 and 5.

The approximate ground elevation is 464 feet at Pond A, Secondary Settling Pond, and Pond B
areas (Refs. 2, 4).

The top elevation of the ash fill is approximately 15 feet higher than the top of the Pond A dike
as noted during the pond examination performed by S&L on 10/28/2009. The ash slopes down
toward the top of the dike around the edges. This slope was considered as 3 Horizontal: 1
Vertical.

The ash deposited in Pond A is estimated to have substantially drained and reached a
condition where an angle of internal friction as well as a water table elevation can be
associated with it. There are no test results available for the in-situ shear strength parameters
of the ash deposited in Pond A. Ref. 6 contains triaxial compression test results on compacted
samples of the ash from the existing ponds. The shear strength parameters obtained from
these tests were discounted to some extent for use in the stability analyses to account for the
uncompacted state of the ash inside the ponds. The Secondary Settling Pond contains water
only.

3.0 Assumptions

None.

4.0 Methodology

The slope stability analyses were performed using SLOPE/W program Version 5.11 (Ref. 10). This
program has been verified and validated in accordance with S&L SOP 0204 procedures. The S&L
program number is 03.7.747-5.11. The runs were performed on Computer # ZD 2638. For static
and seismic slope stability analyses, a large number of slip planes were generated and the factor of
safety against sliding was determined for each plane. The slip planes were represented by circular

arcs.
used

The potential slip circles were analyzed using the Simplified Bishop Method which is routinely
by engineers for slope stability evaluations (See pages A-1 and A-2 for an overview of the

method). Figure 4 shows the rectangular grid that forms the center points of the patential slip circles.
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At each grid point, a number of circles tangent to each of the closely-spaced horizontal lines in the
bottom portion of the figure are generated. The minimum factor of safety for each grid point is
determined and registered by the software for each grid point. Once all grid points are covered in
this manner, the minimum of all the FS values, the center of the most critical slip circle with the
lowest FS, and the slip surface are displayed by the software.

The slope stability analyses in clayey embankments often include the effect of a crack that may open
up during the service life of the earth structure as a combined result of the repeated wetting/drying
repeated freeze/thaw, and gradual lateral deformation (particularly on clayey foundation soils} of the
compacted dike soil over a period of several years. The shear strength available along this crack is
assumed to be nonexistent, and the potential slip planes are started at the bottom of the crack.
However, the dikes considered in this calculation have not shown such a condition over a period of
approximately 30 years, and therefore, the slope stability analyses performed for this calculation do
not consider this effect.

The slope stability analyses were also performed for the seismic conditions using a horizontal
acceleration coefficient. For seismic stability, two separate analyses (“effective stress” and “total
strength”) are normally performed, and the smaller of the two values obtained is considered as the
minimum slope factor of safety against seismic failure (Ref. 7). Generally, for small seismic events
that do not significantly alter the porewater pressures in the fill and the in-situ soils, an effective
stress analysis would be appropriate. If the porewater distribution is significantly altered as a result
of ground shaking during a strong earthquake, the total stress analysis would be appropriate.

5.0 Calculations
Subsoil Conditions

The soil conditions shown in borings B-11 and B-14 (Ref.1) were considered as generally
representative of the pond embankment area. B-11 is 45 feet deep, and B-14 is 10 feet deep.

The soils encountered consist of, from top to bottom:

1. Medium stiff to very soft silty clay (approximately 14 feet thick),
2. Loose to medium-dense to dense sand to the bottom of the boring (45 feet).

Bedrock was not encountered at 45-ft depth in B-11 although other borings (such as B-1 and B-2)
further west encountered shale bedrock at depths as shallow as 18 feet. This indicates an overall
downslope gradient from west to east at the top of the rock toward the Wabash River.

Approximately upper six (6) feet of the in-situ clay was described as medium stiff to very stiff
(Standard Penetration Blow Counts 5 to 11 blows/ft), whereas the remaining 8 feet was described as
soft to very soft (Standard Penetration Blow Counts 2 to 5 blows/ft). However, the slope stability
analyses consider the same set of unit weight, friction angle, and cohesion values for both layers.
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The effective-stress embankment and in-situ soil parameters used in the static and seismic analyses
are shown below:

TABLE 1
Material Unit Weight Friction Angle, ®'cy Cohesion, ¢’y

(1b/ft*) (Io/t)
Riprap 110 40 0
Pond Ash 90 25 0
Embankment Fill 120 (*) 22 (M) 250 (%)
In-situ Silty Clay 122 (%) 30 (M) 0™
In-situ Sand 118 (M) 30 (%) 0™

(*) Data from Ref. 1.

The total-stress parameters used in the seismic analyses are as follows:

TABLE 2
Material Unit Weight Friction Angle, ey Cohesion, ¢,
(1b/fE) oty |
Riprap 110 40 0
Pond Ash 90 10 250
Embankment Fill 120 (%) 0 1500 (*)
In-situ Siity Clay 122 (%) 16 (%) 200 (%)
In-situ Sand 118 (%) 30 (M) 0(m

(") Data from Ref. 1.

Many of the parameters in Tables 1 and 2 are provided in Ref. 1 for the design of the south ash pond.
The unit weight and shear strength parameters of the riprap were estimated using typical values for rock
fills. Also, as indicated above, the shear strength parameters of the compacted ash (Ref. 8) were
reduced to adjust for the uncompacted condition of the ash in Pond A. Laboratory test data on the total

stress shear strength parameters of the compa
strength of the compacted dike fill was represen

cted dike fill were not available. The total strength shear
ted with a cohesion of 1500 Ib/ft? and a friction angle of

zero degrees. This is considered as a conservative assumption as the shear strength of compacted fills
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generally increases over time as a result of gradual drying and consolidation of the fill soil which is
usually compacted on the wet side of the optimum compaction moisture content.

Slope Stability Analyses

Pond B dike construction is essentially identical to that of the Secondary Settling Pond Dike. Also the
South pond constructed in 2005 is being filled against the exterior slope of Pond B to eventually achieve
an equilibrium condition on both sides of the dike. Therefore, Pond B dike stability was not evaluated in
this calculation. The locations of the sections analyzed are shown on Fig. 3.

The seismic slope stability analyses were performed for a horizontal ground acceleration value of 0.05g.
This value was obtained from the USGS map of 10-percent exceedance level Peak Ground Acceleration
(PGA) values within a 50-year period (Ref. 9). The original seismic slope stability analyses were also
performed with 0.05g horizontal acceleration (Ref. 1).

For the static stability analyses in terms of effective stresses, a grou ndwater surface profile was used.
The groundwater surface was approximated in the form of three straight lines shown in Figures 4 and 5.
Since no toe seepage along the pond slopes was observed during a recent pond examination (Ref. 8),
the groundwater surface was considered to drop within the body of the dikes to the level of the
groundwater table observed in the soil borings (Approximately El. 456). The water level within the ash in
Pond A is not known, and was considered at about two (2) feet below the top of the berm.

Pond A Dike

The perimeter dike has an exterior slope of 2H:1V and an interior slope of 1-1/2H:1V (Section D-D on
Fig. 2). The main body of the dike consists of compacted clayey soil. The dike is approximately 20 feet
high.

Secondary Settling Pond Dike

The perimeter dike has an exterior slope of approximately 3H:1V and an interior slope of 3H:1V (Section
1-1 on Fig. 2). The main body of the dike also consists of compacted clayey soil. The dike is
approximately 20 feet high. A layer of riprap was placed over the exterior slope of the dike (Fig. 2). The
riprap placed over the interior slope above and below the water line was considered part of the
embankment fill as its effect on the overall dike stability is very minor.
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Results

Figures 6 through 11 contain the results of the runs with the minimum factors of safety indicated. The
computer analysis printout of the static analysis for Section D-D is also provided as an example
(Attachment B).

The results of the static and seismic stability analyses for both ponds are summarized in Table 3. The
cross-sections analyzed are shown in Figs. 4 and 5.

TABLE 3
Section Analyzed Static FSmin Seismic FSpin
(Min FS =1.5) {(Min FS =1.1)

Pond A Dike (Section D-D) 1624 1.426 (Effective Stress)
(Figs. 6, 7, 8) ) 1.181 (Total Stress)

Secondary Setlling Pond 1.993 (Effective Stress)

(F(g‘icgoqg'% 2.315 1.970 (Total Stress)

6.0 Summary

The stability analyses of the Pond A and the Secondary Settling Pond dikes at the Wabash River
Generating Station indicated acceptable factors of safety for the existing exterior slopes of the dikes
against a mass slope instability under the weight of the dikes as well as the external forces acting on the

dikes (hydrostatic, ash fill retained). The minimum acceptable static factor of safety is 1.5 per Ref. 7 for
the “downstream"” slope of embankment dams.

Acceptable slope factors of safety were also obtained from the seismic analyses performed with a lateral
seismic load coefficient of 0.05g (10-percent exceedance level in 50-year period). The minimum
acceptable seismic factor of safety is 1.1 per Ref. 7 for the “downstream” slope of embankment dams,
which was exceeded in the calculations.

Stability analyses were not performed for Pond B dike since ash is being gradually deposited against the
exterior face of this dike as the new ash disposal area south of the Pond B is filled.
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The Simplified Bishop Method

The Simplified Bishop Method used in slope stability analyses in this calculation was developed
by Bishop (1955). The potential slip surfaces that can cause slope stability concern are assumed
to be circular (See Figure 1.a below) or a combination of straight lines (blocks). The soil mass
bounded by the slope face and the slip circle is normally divided into a series of vertical slices.

One such slice is shown on Figure 1.a. The forces acting on each slice are shown on Figure 1.b.
These are:

Weight of the slice (W),

Shear Resistance Force along the base of the slice (S},
Normal Force along the base of the slice (N), and
Lateral inter-slice forces (E; and E;.q).

SAWNOE=
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Figure 1
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The Shear Force along the base of the slice (S) may be due to friction (cohesionless soils) or
both cohesion and friction (cohesive soils). In cohesionless soil, the relationship between S and
N is expressed as S = N tang where ¢ is the internal friction angle of the soil. In cohesive solil,
the corresponding equation is S = cL + Ntang where c is the cohesive component of the shear
strength and L is the length of the slice along the base (Mohr-Coulomb Equation). The two lateral
force components (E; and E;.) are assumed to be equal in magnitude and do not figure in the
overall stability of the slices.

During the stability analysis, the total moments (about point O in Figure 1) resisting failure (M)
and the total moments that tend to mobilize the soil mass due to the weight of the soil or the
external forces that act on the soil (My,) are calculated. Both moments are calculated relative to
the center of the circular slip surface and are summations of the contributions from each slice. M,
is the summation of the shear resistance force (S) for each slice along the base of the slice
multiplied by the moment arm (radius of the circle).

At the start of the analysis, the maximum values of soil strength parameters (c, @) can be
assigned to calculate S for each slice and a factor of safety (FS) can be calculated using M;/Mp,
ratio. However, the vertical equilibrium of each slice may not necessarily be satisfied. Therefore,
the analysis actually starts with an assumed FS value on ¢ and @ (actually tan @) and the value of
FS is varied until vertical equilibrium is satisfied for each slice within a prescribed margin of
tolerance. At this point, the M/Mp,ratio calculated is the FS for the particular slip circle
considered. Therefore, the Simplified Bishop Analysis is a successive approximation type
procedure that requires a number of iterations on FS for each slip circle.

This same procedure is repeated for a large number of potential slip circles to determine the
location of the circle with the lowest FS. The available computer programs perform this analysis
methodically by using an imaginary grid above the slope. At each grid point, several slip circles
with different radii are generated using the grid point as the center of the circles. The lowestFS
for all circles at each grid point is registered by the software. Once all grid points are processed,
the software marks the grid point with the lowest FS and draws the slip circle corresponding to
the lowest FS. If desired, other grid points can be clicked on to obtain FS values for other slip
circles that might be of interest.

Due to a number of simplifications (i.e., lateral slice forces, as well as horizontal and moment

equilib re not considered) s method
“Simpl . Incorporating all the slices
analys inate (i.e., can not ng lateral d
mome ons in two-dimensi would ha y

more elaborate analyses.

Reference:
1. Bishop, A.W. (1955) “The Use of the Slip Circle in the Stability Analysis of Slopes”,
Geotechnique, Vol. 5, No. 1, pp. 7-17.
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