


FINAL

Coal Combustion Residue Impoundment
Round 9 - Dam Assessment Report

Cliffside Steam Station

Ash Basin Dikes
Duke Energy Corporation
Mooresboro, North Carolina

Prepared for:

United States Environmental Protection Agency
Office of Resource Conservation and Recovery

Prepared by:

Dewberry & Davis, LLC
Fairfax, Virginia

Under Contract Number: EP-09W001727
August 2011

b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=




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

FINAL

INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion waste from the Tennessee Valley
Authority’s Kingston, Tennessee facility in December 2008 flooded more than 300 acres of land,
damaging homes and property. In response the U.S. EPA is assessing the stability and
functionality of the coal combustion ash impoundments and other management units across the
country and, as necessary, identifying any needed corrective measures.

This assessment of the stability and functionality of the Cliffside Steam Station Ash Basin Dikes
is based on a review of available documents and on the site assessment conducted by Dewberry
personnel on February 23, 2011. We found the supporting technical documentation adequate
(Section 1.1.3). As detailed in Section 1.2.5, there are two recommendations based on field
observations that may help to maintain a safe and trouble-free operation.

In summary, the Cliffside Steam Station Ash Basin Dikes are 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 residue. 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 residue release from
management units that have or have not been rated 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
residue 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, February
23, 2011, and review of technical documentation provided by Duke Energy
Corporation.

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

The dike embankments and spillway 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.

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

Adequate capacity and freeboard to safely pass the design storm (full
Probable Maximum Precipitation (PMP)) has not been demonstrated.
Hydrologic and hydraulic analyses provided to Dewberry indicate there is
adequate impoundment capacity to contain the ¥2 PMP design storm
without overtopping the dikes. (Appendix A: Doc 01 — 2007 Five-Year
Inspection Report).

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical
Documentation

Supporting documentation reviewed by Dewberry is inadequate.
Although documentation was provided for the hydrologic/hydraulic safety
analysis, the PMP design storm was not assessed. Remaining supporting
technical documentation is adequate. Engineering documentation
reviewed is referenced in Appendix A.

1.1.4 Conclusions Regarding the Description of the Management Unit(s)

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

1.1.5 Conclusions Regarding the Field Observations

The visible parts of the embankment dikes and outlet structure were
observed to have no signs of overstress, significant settlement, shear
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failure, or other signs of significant instability although widespread
seepage was observed along the toe of the upstream dike which needs to
continue to be monitored. There are no apparent 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 significant
embankment repairs or prior releases observed during the field inspection.
However there were minor ruts from erosion along the upstream dike, left
abutment crest.

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program appears to be adequate. The management unit
dikes are instrumented. Multiple piezometers and observation wells have
been installed as instrumentation. However, widespread seepage at the toe
of the upstream dike and seepage at the toe of the downstream dike need
to be monitored and recorded. If discoloration or changes in the flow are
observed, then an action plan should be developed

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 Hydrologic/Hydraulic Safety

Perform hydrologic/hydraulic analysis to document adequate freeboard
exists to pass the PMP event.

1.2.2 Recommendations Regarding the Field Observations

Continue to monitor seepage along the toe of both embankments.
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1.2.3 Recommendations Regarding the Maintenance and Methods of Operation
Remediate minor rutting along upstream dike, left abutment crest
1.3 PARTICIPANTS AND ACKNOWLEDGEMENT
1.3.1 List of Participants

Steve Hodges, Duke

Joshua Moore, Duke
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Henry Taylor, Duke

Tim Russell, Duke
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Cliffside Steam Station is situated on the Cleveland/Rutherford County Line in
Mooresboro, North Carolina. The site is just to the south of the Broad River and is
approximately 55 miles west of Charlotte, NC. The nearest downstream town is
Gaffney, South Carolina and is approximately 12 miles away. Figure 2.1a depicts a
vicinity map around the Cliffside Steam Station while Figure 2.1b depicts an aerial
view of the Cliffside Station. The Active Ash Pond is a cross-valley system
impounded by two earthen embankment dikes. One dike is labeled as the
downstream embankment and the other is the upstream embankment. Table 2.1
provides the physical dimensions of the Active Ash Pond embankments.
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Figure 2.1 a: Cliffside Steam Station Vicinity Map
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Figure 2.1 b: Cliffside Steam Station Aerial View

Table 2.1: Summary of Dam Dimensions and Size
Upstream Downstream

Embankment Embankment
Dam Height (ft) 60 120
Crest Width (ft) 15 15
Length (ft) 890 876
Side Slopes (upstream) H:V 2.5:1 2.5:1/2.1
Slillit; Slopes (downstream) 25:1/2:1 951

There are two retired ash ponds on-site. The 1% retired ash pond consists of Units
1-4 and the 2" retired ash pond consists of Unit 5. Based on conversations with
Duke Energy Corporation personnel, Units 1-4 Ash Pond have been repurposed to
manage stormwater runoff from the site. Ash was excavated from the units, and the
ponds were retrofitted for a 2 PMP storm frequency level of service. There may be
minimal amounts of ash remaining in Units 1-4. Duke Energy Corporation retired
these units so they can no longer be used for ash management. Unit 5 has been
retired and capped with soil and can no longer receive ash nor impound water.
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2.2 COAL COMBUSTION RESIDUE HANDLING
2.2.1 Fly Ash

Fly ash is collected at the base of the stack by an electrostatic precipitator.
The collected ash is stored in hoppers and conveyed pneumatically to a
silo for by-product sale or transferred to the air separator tank/hydroveyer
for transport to the Active Ash Pond. The quantity of discharge into the
Active Ash Pond is dependent on available sales of fly ash and the quality
of the fly ash. Fly ash can also be collected from the economizer and
SCR, from which it is then transferred to the air separator tank/nydroveyer
for transport to the Active Ash Pond.

Precipitator Fly Ash Hoppers
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Fly Ash Silo — Used to store fly ash for sale
2.2.2 Bottom Ash

Bottom ash/slag is collected from the furnace and conveyed through the
same pipe as the fly ash into the Active Ash Pond.

Economizer Section of the Boiler
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2.2.3 Boiler Slag
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Boiler slag is collected from the boiler and is sluiced into the same pipe
that conveys fly and bottom ash into the Active Ash Pond.

Boiler — Point of boiler bottom ash/slag discharge

2.2.4 Flue Gas Desulfurization Sludge

The Cliffside Steam Station has a flue gas desulfurization (FGD) unit.
FGD material is trucked to the landfill and is not sluiced to the Active Ash
Pond.

2.3 SIZE AND HAZARD CLASSIFICATION

The Active Ash Pond is a cross-valley system impounded by two earthen
embankment dikes. One dike is labeled as the downstream dike (State ID #
CLEVE-049) which is closest to the NPDES permitted outfall and the other is the
upstream dike (State ID # CLEVE-050).

Table 2.3a: USACE ER 1110-2-106
Size Classification
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Downstream Embankment
Category Storage (Ac-ft) Height (ft)
Small 50 and < 1,000 25 and < 40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100
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Table 2.3a: USACE ER 1110-2-106
Size Classification

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

A Hazard Classification of Low has been assigned based on North Carolina Utilities
Commission Criteria. Based on observations, a classification of Significant
appears to be appropriate. Per the Federal Guidelines for Dam Safety dated April
2004, a Significant Hazard Potential classification applies to 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. Losses are principally limited to the owner’s property.

Table 2.3b: 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)

Considering the low probability of loss of life should the Active Ash Pond dam
system fail, a Federal Hazard Classification of Significant is appropriate for this
size facility.

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

The Active Ash Pond permanently contains fly ash, bottom ash, pyrites, flue gas
emission control residuals, and boiler slag. Pond wastewater is from water
treatment; boiler blowdown; floor, laboratory and equipment cleaning drains;
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cooling tower blowdown; boiler chemical cleaning wastes; storm water runoff; coal
pile runoff; fire protection; and mill rejects.

Table 2.4: Maximum Capacity of Unit

Cliffside Active Ash Pond
Surface Area (acre) 84
Current Storage Capacity (cubic yards) 1,621,400*
Current Storage Capacity (acre-feet) 1,005*
Total Storage Capacity (cubic yards) 8,107,000
Total Storage Capacity (acre-feet) 5,025
Crest Elevation (feet) 775 (lowest)
Normal Pond Level (feet) 765

*Based on an estimate that the ash pond was 80% full in January 2009
(Appendix A: Doc 02: Response to EPA)

2.5 PRINCIPAL PROJECT STRUCTURES
2.5.1 Earth Embankment

The original material of the embankment is assumed to be native soils
from nearby borrow pits.

2.5.2 Outlet Structures

A drainage tower that discharges through a 42-inch diameter reinforced
concrete pipe (RCP) into the Broad River is the main outlet structure.

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

Dewberry attempted to identify critical structures using aerial photography, which
might not accurately represent what currently exists down-gradient of the site. No
critical infrastructure was found to be downstream of the site.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

Summary of Reports on the Safety of the Management Unit

2007 Five-Year Inspection Report, Cliffside Station Ash Basin Dikes, MACTEC.
Dated 1/09/2007. (Appendix A: Doc 01 - 2007 Five-Year Inspection Report)

The report made the following recommendations:
¢ No further study of hydrologic safety was recommended,;

e Grassed slopes of dikes should continue to be reseeded in areas where
equipment has disturbed the vegetation, and the existing maintenance
program should be continued and upgraded to include regular mowing of the
slopes;

e Burrowing animals should be prevented from establishing themselves on the
dike slopes and abutments. A maintenance program in which the grass
cover is mowed at least twice yearly helps deny cover for the animals;

e Quantitative monitoring of the water level and piezometer water levels
should continue on a monthly basis. Data should be updated, recorded and
compared to prior analyses;

e Existing vegetation along the swamp area at the downstream toe of the
upstream dike should be removed. At least annually, the vegetation in this
area should be cut by hand. Construction of surface ditches to drain this
area would be helpful in accessing the area for vegetation control,

e The vegetation in the rock rip-rap toe areas of the upstream dike should be
removed and then controlled by annual application of herbicide.

Annual and monthly inspections reports are also provided, see Appendix A: Doc 04
and 05 for annual reports and Appendix A: Doc 06 — Jan 2011 Monthly Inspection
for an example monthly report.
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3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

The dam is inspected by NCDENR Dam Safety Program. NCDENR inspection
reports can be found in Appendix A: Doc 07 — Cliffside CLEV-049(Downstream
Dike) and Doc 08 — Cliffside CLEV-050 (Upstream Dike).

Discharge from the impoundment is regulated by the Federal National Pollutant
Discharge Elimination Program (NPDES) and the impoundment has been issued
NPDES Permit No. 0005088.

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or
other performance related problems with the dam over the last 10 years.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

41 SUMMARY OF CONSTRUCTION HISTORY

411

4.1.2

413

Original Construction

Design studies, drawings and specifications were made for the ash pond
dikes in 1972/73 by Duke Energy Corporation’s Design group. Borings at
the dike foundations and borrow pits were conducted by Duke’s
Construction group in the spring and summer of 1973. The construction
occurred in two phases, the first of which began in 1974 and was
completed in 1975 by Burns and Spangler Construction Company. The
second phase consisted of increasing the height of the lower and upper
dike which was eventually completed in late 1980.

Significant Changes/Modifications in Design since Original Construction

No documentation of significant changes/modifications in design since
original construction was provided.

Significant Repairs/Rehabilitation since Original Construction

No documentation of significant repairs/rehabilitation since original
construction was provided.

4.2 SUMMARY OF OPERATIONAL PROCEDURES

421

4.2.2

Original Operational Procedures

The ash pond was designed and operated for reservoir sedimentation and
sediment storage of ash. Plant process waste water, coal combustion
waste, coal pile stormwater runoff, and stormwater runoff around the Ash
Pond facility are discharged into the reservoir. Inflow water is treated
through gravity settling and deposition, and the treated process water and
stormwater runoff is discharged through an unregulated type overflow
outlet structure.

Significant Changes in Operational Procedures and Original Startup

No documentation was provided describing any significant changes in
Operating Procedures.
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4.2.3 Current Operational Procedures
Original operational procedures appear to be in effect.
4.2.4 Other Notable Events since Original Startup

No additional information was provided.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Frederic Shmurak, P.E. and Justin Story, E.I. performed a site
visit on Wednesday, February 23, 2011, in company with the participants.

The site visit began at 10:00 AM. The weather was a partly cloudy cool day.
Photographs were taken of conditions observed. Please refer to the Dam Inspection
Checklist 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 upstream and downstream dams was that it was in
satisfactory condition and no significant findings were noted.

5.2 UPSTREAM DIKE (CLEVE-050)
5.2.1 Crest

There was minor rutting along the upstream dike, left abutment crest.
Subsequent to the date of the field observations, the ruts on the crest were
repaired in May, 2011 as evidenced by Duke Energy Corporation
photographs. Overall, there were no signs of depressions, tension
cracking, or other indications of settlement or shear failure and the crest
appeared to be in satisfactory condition.
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Repaired Rutting Along Crest at Left Abutment

5.2.2 Upstream/Inside Slope

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed. There was an isolated area that
had recently been repaired and was covered with an erosion control fabric.
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Upstream slope
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Downstream/Outside Slope and Toe

Widespread seepage was observed along the toe. No scarps, sloughs,
depressions, bulging or other indications of slope instability or signs of
erosion were observed.

»

v
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Widespred seepage alon toe
Abutments and Groin Areas

The abutments and groin areas of the dike appear to be in satisfactory
condition.

Right Abutment
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5.3 DOWNSTREAM DIKE (CLEVE-049)

5.3.1 Crest

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed.

Downstream Dike Crest o
5.3.2 Upstream/Inside Slope

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed.
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5.3.3 Downstream/Outside Slope and Toe

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed. Seepage was observed at the
toe of the slope in the vicinity of the internal blanket drain.

Overall View of Downstram Slope
5.3.4 Abutments and Groin Areas

The abutments and groin areas of the dike appear to be in satisfactory
condition.

Right Abutment
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5.4 OUTLET STRUCTURES

5.4.1 Overflow Structure

5.4.2

543

5.4.4

The outlet structures were properly discharging flow from the pond and
visually appeared to be in good condition.

Outlet Conduit

The visual portion of the outlet conduit was functioning properly with no
apparent deterioration.
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Outfall into Broad River

i

Emergency Spillway
No emergency spillway is present.
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. It was
noted that in October of 2005 a storm equivalent to a 500-year storm event
occurred; the embankments were not overtopped.

6.1.2 Inflow Design Flood

According to FEMA Federal Guidelines for Dam Safety, the current
practice in the design of dams is to use the Inflow Design Flood (IDF) that
is deemed appropriate for the hazard potential of the dam and reservoir,
and to design spillways and outlet works that are capable of safely
accommodating the flood flow without risking the loss of the dam or
endangering areas downstream from the dam to flows greater than the
inflow. The recommended IDF or spillway design flood for a significant
hazard, large-sized structure (See section 2.2), in accordance with the
USACE Recommended Guidelines for Safety Inspection of Dams ER
1110-2-106 criteria is the Probable Maximum Flood (PMF) (See

Table 6.1.2).
Table 6.1.2: USACE Hydrologic Evaluation Guidelines
Recommended SBiIIwaZ Design floods
Hazard Size Spillway Design Flood

Small 50 to 100-yr frequency

Low Intermediate 100-yr to ¥ PMF
Large Y% PMF to PMF
Small 100-yr to ¥ PMF

Significant Intermediate % PMF to PMF
Large PMF
Small % PMF to PMF

High Intermediate PMF
Large PMF

The Probable Maximum Precipitation (PMP) is defined by American
Meteorological Society as the theoretically greatest depth of precipitation
for a given duration that is physically possible over a particular drainage
area at a certain time of year. The National Weather Service (NWS)
further states that in consideration of our limited knowledge of the
complicated processes and interrelationships in storms, PMP values are
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identified as estimates. The NWS has published application procedures
that can be used with PMP estimates to develop spatial and temporal
characteristics of a Probable Maximum Storm (PMS). A PMS thus
developed can be used with a precipitation-runoff simulation model to
calculate a PMF hydrograph.

The 24 hour, 10-square mile PMP depth is 40 inches. The facility has a
contributing drainage area of approximately 258 acres for the ash pond. A
1986 report from Law Engineering states that the ash pond could handle
the ¥2 PMP, 24-hour duration rainfall event. The existing freeboard during
the %2 PMP event would be 1.7 feet; however, the design storm of the PMP
needs to be evaluated. (Appendix A: Doc 09 — 1986 Five-Year Inspection
Report).

6.1.3 Spillway Rating
No spillway rating was provided.
6.1.4 Downstream Flood Analysis
No downstream flood analysis was provided.
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Supporting documentation reviewed by Dewberry is inadequate. Although
documentation was provided for the hydrologic/hydraulic safety analysis, the PMP
design storm was not assessed.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

Adequate capacity and freeboard to safely pass the design storm has not been

demonstrated.
Cliffside Steam Station 6-2
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION

711

7.1.2

Stability Analyses and Load Cases Analyzed

A stability analysis summary for the ash pond dated January 8, 2007, by
MACTEC, provides information on the stability analysis results and is
presented in Section 7.1.4 Factors of Safety and Base Stresses. Steady
state (normal) and seismic loading conditions were analyzed. See
Appendix A (Doc 01: Five-Year Inspection Report) for the complete
summary. This document summarizes slope stability analyses performed
in 1983, 1986 and 1997.

Design Parameters and Dam Materials

The MACTEC inspection report includes documentation of the shear
strength design properties for the ash pond embankments, Test results
showing the strength parameters of the embankments are presented below.
The results present generally acceptable values for these types of
materials.

Table 4
Soil Properties for Stability Analysis North Embankment

Material Unit Weight Fiction Angle Cohesion

(pcf) (degrees) (psf)

SCU(I) | SCU(2) | SCU(1) | SCU(2)

Foundation Soil 105 25 25 0 0

Embankment Soil 131 28 34 800 0

Internal Drain 120 30 30 0 0

SCU (1) = Saturated Consolidated Undrained Triaxial Test (R)

SCU (2) = Saturated Consolidated Undrained Triaxial Test Corrected for
Pore Pressure (R)

No part of the impoundment appears to have been built over wet ash, slag,
or other unsuitable materials.
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7.1.3 Uplift and/or Phreatic Surface Assumptions

Figure 7.1.3a shows Phreatic Elevations based on historic observations.
See Appendix A: Doc 01: Five-Year Inspection Report Table C-1 in
Appendix C to see documented historical highs and lows of phreatic
elevations. Figure 7.1.3b shows a consistent trend between the ash pond
depth and piezometer readings.

Figure 7.1.3a — Phreatic Elevations
1983 1997
Location Pond at 772 Pond 758 Pond 772
Centerline 766 748 766
ow-7 724 730 735*
P-5 664 687 702
ow-8 660 666 676
OowW-9 685.5 664 670
Tailwater 655 655 655

* Assumed phreatic line rises to elevation 744 about 14’ horizontally
upslope from OW-7.
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Figure 7.1.3b: Historical Pond Depth VS Piezometer Readings
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7.1.4 Factors of Safety and Base Stresses

In the five-year inspection report dated January 8, 2007, by MACTEC the
downstream dike was considered more critical and a slope stability
analysis was provided. The information is summarized below.

Table 7.1.4 Factors of Safety for Cliffside Station Downstream Dike

Required Safety Cliffside
Factor (US Computed
Loading Army Corps of | Average Safety
Condition Slope Engineers) Factor
Steady State Outside
772) 1.5 >1.5
Steady State Inside *
772) 1.5 1.5
Rapid Inside
Drawdown 1.25 1.76
(772’ to 755°)

*Factors of safety in the range of 1.35 to 1.4 were calculated for shallow
(4 to 10’ deep) potential failure arcs on the 2:H:1V portion of the inside
slope. See Section 7.3 for further discussion.

7.1.5 Liquefaction Potential

MACTEC’s 2007 five-year report documents that the embankments are
rolled fill construction, wherein the soils were spread in layers and
compacted with mechanized equipment. The foundations are not known
to contain loose, water deposited sands, which is the most susceptible type
of soil for liquefaction by seismic loading.

7.1.6 Critical Geological Conditions

The Cliffside station ash pond geology consists of biotite gneiss and
schists with subordinate layers of various metasedimentary rocks. Small
masses of granitic rock are coming in this part of the Inner Piedmont.
(Appendix A: Doc 01 — 2007 Five-Year Inspection Report).
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Based on USGS Seismic-Hazard Maps for the Conterminous United
States, the facility is located in an area anticipated to experience a 0.10g
acceleration with a 2-percent probability of exceedance in 50-years.

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

Overall, the structural stability of the dam appears to be satisfactory. Some lower
than minimum safety factors were identified in the upstream slope of the
downstream embankment under steady state conditions; however, as reported in
MACTECs five-year report “These conditions are for shallow potential failure arcs
and are considered to not threaten failure of the dike.” Dewberry concurs with this
analysis and conclusion.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES
Operational procedures are adequate.
8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES

The maintenance of the dam and project facilities was adequate, although the
following maintenance items need to be addressed:

¢ Continue monitoring seepage at toe of both embankments
e Repair minor rutting on crest
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures
Operating procedures appear to be adequate.
8.3.2 Adequacy of Maintenance

Maintenance procedures appear to be adequate.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES
Monthly Inspections:

Monthly inspections reports were provided by Duke Energy and can be found in
Appendix A: Doc 06.

Annual Inspections:

Annual inspections were provided by Duke Energy and can be found in
Appendix A: Doc 04 & 05

Five-Year Inspections:

Five-Year inspections reports were provided by Duke Energy and can be found in
Appendix A: Doc - 01, 03 & 09.

9.2 INSTRUMENTATION MONITORING

Piezometers and monitoring wells installed are adequate for monitoring the phreatic
surface.

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

Based on the data reviewed by Dewberry, including observations during
the site visit, the instrumentation and surveillance program is adequate.
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engineering and constructing a better tomorrow

January 8, 2007

Mr. Kelly Allison

Duke Energy Corporation

Mail Code: Cliffs

573 Duke Power Road
Mooresboro, North Carolina 28114

Subject: Five-Year Independent Consultant Inspection
Cliffside Steam Station
Ash Basin Dikes
Cleveland and Rutherford Counties, North Carolina
Per North Carolina Utilities Commission
MACTEC Project No. 6234-06-3843

Dear Mr. Allison:

MACTEC Engineering and Consulting, Inc. (fka LAW Engineering and Environmental Services,
Inc.) is pleased to submit the following report of our independent inspection of the ash dikes at the
Cliffside Steam Station. The inspection was performed in accordance with Duke Power
Company’s Specification No. 5102.00-00-0001 Specifications for Inspection of Facilities as
Required by the North Carolina Utilities Commission. Our inspection reported herein is the sixth
five-year independent consultant inspection of the Cliffside Ash Basin Dikes.

In general, the inspection noted no external, presently visible signs of serious conditions requiring
emergency repairs for public safety. Other than routine maintenance, no major repairs appear

warranted at this time.

We appreciate the opportunity to provide our professional services to you on this project. Please
let us know if you have any questions.

Sincerely,

MACTEC ENGINEERING AND CONSULTING, INC.
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1. INTRODUCTION

1.1 GENERAL

This report presents the results of the sixth independent consultant inspection of the ash basin
dikes at the Cliffside Steam Station. The independent inspection is performed at five-year
intervals as required by the North Carolina Utilities Commission (NCUC) for facilities operated by
Duke Energy Corporation in North Carolina and not licensed by the Federal Energy Regulatory
Commission (FERC) and not covered by the North Carolina Dam Safety Law of 1967.

The previous independent inspections were performed in 1981, 1986, 1991, 1996 and 2001 by
LAW. The results of those inspections were presented in reports dated October 12, 1981 (LAW
Job No. CH 4581), July 10, 1986 (LAW Job No. CHW 5475) October 3, 1991 (LAW Job 222-
07255-01), April 24, 1998 (LAW Project 30100-6-2037) and December 10, 2001 (LAW Project
30100-1-0948).

In this current report, emphasis is placed on noting the development of any new conditions or
changes in old, previously reported conditions. The previously reported conditions are recounted
only where thefe is a change or where it is of particular interest or of use in describing the overall

condition of a specific project structure.

Photographs are used to illustrate general conditions of project structures in overall views and

specific conditions in close-up views.

1.2 PURPOSE AND SCOPE

The purpose of this dike safety inspection and report is to identify, within the limitations of
surficial field inspection and office review of available data, records and operating history, any
actual or potential deficiencies, whether in the condition of the project works or in the quality or
adequacy of project maintenance, surveillance, or methods of operation, that might endanger

public safety. The objective is to recommend immediate action for public protection where
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necessary, further studies and analyses where required, and acceptance of the present condition of
the dike if the engineering data and inspections so justify.

A review was made of the previously described reports on the safety of the ash basin dikes. A
detailed systematic visual inspection of the project works was performed. A relatively detailed
photographic record was made of the visible conditions of the principal project works. Review
was made of all available relevant data concerning the stability and operational adequacy of the
project works. Based upon results of the above work, an engineering opinion is given of the
general condition and adequacy of the dikes, as well as assessment of the quality and adequacy of

maintenance, surveillance, and methods of project operation for the protection of public safety.
The purpose and scope of this inspection and report are consistent with that outlined in Duke

Power Company’s Specification No. CSS-5102.00-00-0001, Specifications for Inspection of
Facilities as Required by the North Carolina Utilities Commission dated March 6, 1991.
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2. PROJECT INFORMATION

2.1 LOCATION, GENERAL DESCRIPTION AND RELEVANT HISTORICAL
INFORMATION

The Cliffside Steam Station is located on the Broad River approximately 55 miles west of
Charlotte and about 1.5 miles south of the small town of Cliffside, North Carolina. The power
plant is situated primarily on the south side of the Broad River and straddles the
Cleveland/Rutherford County Line. The Units 1-4 ash basin and the Suck Creek ash basin lie
southeast of the Units 1-4 powerhouse in Cleveland County; the Unit 5 ash basin lies southwest of

the Unit 5 powerhouse in Rutherford County. The project location is shown on Figures 1 and 2.

The facilities of concern in this inspection are the earthfill dikes which impound the ash basins,
and the outlets for the basins. The Suck Creek ash basin is the only basin that is currently being
used for disposal of ash. The Units 1-4 ash basin and the Unit 5 ash basin have both been retired,
except that part of the Units 1-4 basin area is being used as a holding pond for yard drainage from
all the units. There also is a small dredge spoil pond within the Units 1-4 basin. A dredge that
periodically removes sediment from the plant intake structure on the river pumps the spoil material
into the dredge spoil pond. The dredge spoil pond and the yard drainage pond are interconnected
with a culvert. Water that accumulates in the yard drainage pond is pumped to the Suck Creek ash

basin.

The Units 1-4 ash basin dike is an L-shaped earthfill embankment with an overall 1e;ngth of about
1480 feet along the crest. The dike was designed to have a 15-ft wide crest at elevation 706 ft-
MSL. Maximum height of the dike is about 38 ft above the outside (downstream) toe. Design
drawings called for a 2.5H:1V inside (upstream) slope and a 2H:1V outside slope to elevation 682
ft, then 2.5H:1V slope below 682 ft to the toe of the slope.

The outlet for the Units 1-4 ash basin is a reinforced concrete drainage tower with bottom
discharge into a 30-inch diameter corrugated metal pipe (CMP) which extends approximately 180
ft (horizontally) through the base of the embankment at a skewed section located near the east end

of the dike.
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The Unit 5 ash basin dikes are earthfill embankments, including a main dike, a saddle dike and an
access road dike. The main dike and saddle dike are the principal embankments which formed the
ash basin. The dikes were designed to have 20-ft wide crest at elevation 767 f--MSL. The main
dike is about 1460 ft long at the crest and has a maximum height of about 97 ft above the toe of the
outside (downstream) slope; the saddle dike is approximately 590 ft long at the crest and has a
maximum height of about 42 ft above the toe of the outside slope (57 ft above the inside slope toe).
Design drawings called for 2.5H:1V inside slopes, a 2.8H:1V outside slope at the main dike and a
2.7H:1V outside slope at the saddle dike.

The outlet for the Unit 5 ash basin is a reinforced concrete drainage tower with bottom discharge
into a 60-inch diameter reinforced concrete pipe (RCP) which extends approximately 500 ft

(horizontally) through the left abutment of the main dike.

The Suck Creek ash basin was formed by construction of two earthfill dikes across Suck Creek,
bracketing a 5600-ft long meandering reach of the natural stream valley for ash storage. At the

upstream dike, the creek was diverted through a canal to the Broad River.

The downstream dike, located just upstream of the original confluence of Suck Creek with the
Broad River, is 876 ft long. The upstream dike is 890 ft long. Both dikes were designed to have
15-ft wide crests at elevation 775 ft-MSL. Maximum height of the downstream dike is about 120
ft above the toe of the outside slope; that of the upstream dike is about 60 ft above the outside

slope toe and 65 ft above the inside slope toe.

The downstream dike was designed to have a final inside slope of 2.5H:1V from the crest down to
a 15-ft wide berm at elevation 737 fi-MSL, 2H:1V slope below this berm to a lower, 50-ft wide
berm at 675 ft-MSL; then 2H:1V slope down to prepared foundation grade. The final outside
slope was designed to be 2.5H:1V with 2 berms: one 15-ft wide at elevation 725 ft-MSL and
another 20 ft wide at elevation 680 ft-MSL. The 2.5H:1V slope below the lower berm has a cover
of riprap designed to be 2.5 ft thick and bedded on a 1-ft thick crushed stone layer. Beyond the toe
of the outside slope there is a channel leading to the river. The banks of this channel are protected

with riprap.
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The upstream dike was designed to have a 2.5H:1V inside slope and 2.5H:1V outside slope down
to a berm a elevation 730 ft-MSL; then 2H:1V slope below the berm. The outside slope (and

berm) below elevation 735 ft were designed to have a riprap cover.

The outlet for the Suck Creek ash basin is a reinforced concrete drainage tower with bottom
discharge into a 42-inch diameter RCP which extends approximately 700 ft (horizontally) beneath

the downstream dike at its left (west) abutment.

Plan and section views of the dikes are shown on Figures 3 through 8 in Appendix A.

A relatively detailed account of historical information on the design, construction, operation,
instrumentation monitoring and previous inspections of the ash storage facilities up to the time of
the first independent consultant inspection is presented on pp. 4-6, pp. 11-13 and pp. 17-120 of the
1981 report.

In October 2005, the Units 1-4 L-shaped ash basin dike was overtopped at localized depressed
areas of the crest due to a significant storm event. The storm runoff caused overflow of the Suck
Creek Diversion Channel, located adjacent to the northwest portion of the Units 1-4 L-shaped dike.
The localized dike overtopping and overflow of the Suck Creek Diversion Channel caused
localized slope failure and erosion on the downstream slope of the dike. The failed and eroded

areas are described in more detail in Chapter 4 of this report.

2.2 SIZE CLASSIFICATION

The ash basin dikes at the Cliffside Steam Station have size classifications as listed in the

following table.
Size Classification
by Corps of Engineers by North Carolina
Structure Maximum Height (ft) Criteria State Criteria
Units 1-4 Dike 38 Small Medium
Unit 5 Dikes 97 Intermediate Large
Suck Creek Dikes 120 Large Very Large

The maximum heights listed above dictate the size classifications.
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2.3 HAZARD CLASSIFICATION

All the Cliffside ash basins are classified “low” hazard (Class 3) under the Corps’ guidelines and

“low” hazard (Class A) by the North Carolina criteria, due to the lack of downstream development.

As previously noted, the Units 1-4 ash basin and the Unit 5 ash basin have been retired and no
longer impound any significant volume of water; they no longer serve as impoundments and thus
the assigned size and hazard classifications no longer have any relevance with respect to flood

hazard.

2.4 GEOLOGY AND SEISMICITY

The Cliffside ash storage basins are located in the Inner Piedmont geologic belt, which is the
westernmost of a series of northeast-trending metamorphic belts that comprise the Piedmont
Physiographic Province of the southeastern United States (King, 1955). The predominant rocks in
the Inner Piedmont are gneiss and schist. However, they are interspersed with granitiods and a few
scattered bodies of mafic and ultramafic rocks. The peak of regional metamorphism is considered
to have ended in this area in Silurian or Devonian time, some 400 to 375 million years ago (Butler,
1972). The general rock structure in this belt is characterized by irregular foliation of low dip and

some broad folds transverse to the northeast regional geologic trend (King, 1955).

The local geology at the Cliffside ash storage basins consists of biotite gneiss and schist with
subordinate layers of various metasedimentary rocks (Goldsmith, et al., 1982). Small masses of
granitic rock are common in this part of the Inner Piedmont; the Unit 5 ash basin may be just south

of such a granitic unit.

The dikes are located in Seismic Zone 2A according to the Uniform Building Code Seismic Zone

Map of the United States. According to the publication “Recommended Guidelines for Safety

Inspection of Dams”, projects that are located in seismic zone 0, 1 and 2 (or 2A) are considered to
present “no hazard from earthquakes, provided static stability conditions are satisfactory and

conventional safety margins exist”.
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According to the Corps of Engineers Publication ER1110-2-1806 dated 31 July, 1995, “Earthquake
Design for Civil Work Projects”, consideration of the presence of liquefaction - susceptible

materials in the dam or its foundation is necessary for projects located in seismic zone 2 (or 2A).
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3. ENGINEERING AND OPERATIONAL INFORMATION

3.1 ENGINEERING INFORMATION

A description of the design of the Cliffside ash basin dikes is presented in the 1981 independent

inspection report.

In 1983, Duke Power engineers made a study of the as-built stability of the slopes of the upstream
and downstream dikes of the Suck Creek ash basin based on results of laboratory shear strength
testing of undisturbed samples from the in-place embankment soils. A revised design phreatic line
for full pond based on piezometer measurements was used in the stability studies. In 1986, Duke
re-analyzed stability of the inside slope of the Suck Creek downstream dike under rapid drawdown
conditions. In 1997, Duke re-analyzed the downstream slope of the downstream dike of the Suck
Creek ash basin to reflect the data available from the installation of two new piezometers in 1995
(P-10 and P-11) and certain adjustments to the geometry used in the 1983 analyses of the

downstream slope of this dike.

3.1.1 Slope Stability

The stability analyses, as summarized in the 1986 independent inspection report indicate computed
factors of safety which generally meet or exceed the conventional minimum safety factor criteria
of 1.5 for steady state seepage conditions and 1.25 for rapid drawdown conditions (where
applicable). Some lower-than-minimum safety factors were computed for the inside slope of the
Suck Creek downstream dike under steady state conditions. These conditions are for shallow
potential failure arcs and are considered to not threaten failure of the dike. A discussion of the
original stability analyses is presented in the 1986 independent report. The results of the 1983,
1986 and 1997 analyses of the downstream dike of the Suck Creek ash basin are summarized as

follows:
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SUCK CREEK ASH BASIN
DOWNSTREAM DIKE
Calculated
Condition Slope Factor of Safety (FS)
1983 1986 1997

Steady State Seepage (Downstream) R - 1.69
1996 Phreatic Line
Steady State Seepage (Downstream) -—-- ——-- -
(Future Phreatic Line) | (Upper Slope) - e 1.27
(Pond Elevation 772) | (Entire Slope) | ---- e | 1.38
Steady State Seepage Downstream >1.5 | - e
(Original Design Upstream 1.5@
Phreatic Line)
(Pond El. 772 ft-MSL)
Rapid Drawdown Upstream - 1.76 e
(El. 772 to 755 ft-MSL)

January 8, 2007

M The 1.27 F.S. is for slope above El. 725 Berm. The 1.38 F.S. is for entire slope. An
assumed future phreatic surface was used (see table below), with hydrostatic uplift
assumed below the phreatic line. This is conservative because less than hydrostatic
uplift conditions were measured in P-10 and P-11. The phreatic conditions used are
summarized below:

@ Factors of safety in the range of 1.35 to 1.40 were calculated for shallow (4 to10 ft
deep) potential failure arcs on the 2H: 1V portion of the inside slope.

PHREATIC ELEVATIONS
1983 1997
Location Pond at 772 Pond 758 Pond 772
Centerline 766 748 766
Oow-7 724 730 7350
P-5 664 687 702
OWw-8 660 666 676
OowW-9 658.5 664 670
Tailwater 655 655 655

M Assumed phreatic line rises to elevation 744 about 14 ft horizontally upslope
from OW-7.

The 1983 and 1986 analyses were performed by a method of analyses similar to the Ordinary

Method of Slices. The 1997 analyses were performed using the modified Bishop method, which

is judged to be more accurate for the types of soil strength models used.
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The 1983, 1986 and 1997 analyses used soil design parameters as follows:

scu® SCU.?
Material Unit Wt. Parameters Parameters
Foundation Soil 105 pef  ¢=25°, =0 $=25°, ¢’=0
Embankment Soil 131 pcf  ¢=28°, ¢=800 psf  ¢=34°, c’=0
Internal Drain 120 pef  ¢=30°, =0 $¢=30°, c’=0

(1) SCU = Saturated Consolidated Undrained Triaxial Test (R)
(2) SCU, = Saturated Consolidated Undrained Triaxial Test Corrected for
Pore Pressure (R)

No stability analyses have been done for the Units 1-4 ash basin dike since the original work in
1956, according to the 1986 report. At that time and at the time of the 1991 report, the Units 1-4
dike was indicated as showing satisfactory performance, and it was judged unnecessary to re-
evaluate the soil shear strength parameters and re-analyze this dike. In the 1996 and 2001
inspections, however, features were noted in the crest and downstream slope of this dike that
indicated it may be somewhat distressed and that an investigation into its stability was advisable.

To our knowledge, such a stability analysis was not performed.

3.1.2 Seismic Conditions

The embankments are all rolled fill construction, wherein the soils were spread in layers and
compacted with mechanized equipment. Further, their foundations are not known to contain loose,
water deposited sands, the kind of soil that is most susceptible to liquefaction by earthquake
loading. The granular drainage blankets are comprised of clean sand or clean cinders having a
sand-like gradation, but all these materials would have been compacted since the embankment
soils were compacted. It is concluded, based on the available information, that the embankments

and their foundations are not subject to liquefaction by earthquake loading.

The Units 1-4 retired ash basin dike is also a rolled fill. Shallow slope failures described in
Chapter 4 of the 2001 report indicated that some additional slope movement in this embankment
would likely occur as a result of a significant seismic event. The foundation of this retired dike
may also contain some recent alluvium. Additional borings were recommended in Chapter 7 of

the 2001 report to shed light on the presence and character of any such alluvial soils in the area
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that was recommended to be investigated. Since the time of the 2001 report, as described in
Chapter 4, overtopping, leading to severe eroding and failure of the lower portion of the dike
embankment has occurred at several locations. Repair of these areas was ongoing at the time of

writing this current report.

3.1.3 Hydrology and Hydraulics

In analyses of the hydrology and hydraulics of the ash storage basins, it was found that the retired
Units 1-4 ash basin and the retired Unit 5 ash basin should be capable of safely passing or storing
runoff from the 100-year, 24-hour duration storm (7.3 inches rainfall depth). As discussed in
Chapter 4, a storm event in October 2005 exceeded this design storm and caused localized
overtopping of the retired Units 1-4 ash basin, necessitating current on-going downstream slope
repairs. Mr. Steve Hodges of Duke Energy supplied the information that about 10 inches of rain
fell over a 24 hour period during the October 2005 storm, corresponding to a 500 year storm event.
The previous analyses found that the Suck Creek ash basin should be capable of passing flood
runoff from the 1/2 PMP (probable maximum precipitation) storm (18.25 inches rainfall depth in
24 hours), though the margin of freeboard would be small when the basin approaches full capacity

with settled ash.

The degree of hydrologic safety demonstrated by the existing analyses for the Units 1-4 ash basin
and the Unit 5 ash basin (i.e., both safe for the 100-year storm) is adequate, in our opinion, for
these retired basins which no longer serve as impoundments. For the Units 1-4 ash basin, this is
contingent upon repairs being made to the downstream slope to restore the original design cross-
section that was eroded in localized areas during the October 2005 storm event. The capability of
the Suck Creek ash basin to pass a flood produced by 1/2 PMP is adequate according to the safe
design flood criteria by both the Corps of Engineers and the State of North Carolina.

No changes or modifications have been made at the basins which would significantly change the
assumptions of the existing hydrologic/hydraulic analyses; thus, no further study of hydrology or
hydraulics appears warranted at this time. Pertinent hydraulic data and results of the analyses were

presented in the 1986 independent inspection report.
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3.2 OPERATIONS RELATED TO PROJECT SAFETY

Operation of the Cliffside ash basins is described in the 1981 independent inspection report. We
have not been informed of any major additions or modifications to the ash storage facilities

planned by Duke at this time.

Safety related operations at the subject facilities involve routine inspection and maintenance as

required. Inspections are carried out by Duke personnel and by outside consultants.

Plant personnel perform routine inspections of the subject facilities. Duke design engineers make
annual inspections and prepare written reports documenting their observations. At five-year
intervals, independent inspections by outside consultants are performed per NCUC-regulations;

these inspections are also documented by written reports.
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4. FIELD INSPECTION OBSERVATIONS

The field inspection was done on September 6, 2006, by Mr. Mel Y. Browning, P.E. of MACTEC
in company with Mr. Kelly Allison of Duke. Mr. Steve Hodges, who is responsible for on-site
dike routine inspections and monitoring and Mr. Lynn Mathis of Facilities Planning and Siting,
Inc. (FPS) were present for the initial portion of the inspection of the retired Units 1-4 ash basin.
Weather conditions during the inspection were partly cloudy. Water level in the Suck Creek ash
basin at the time of inspection was measured to be at 764.5, which is about 7.45 ft below the
maximum stop-log elevation. The only water contained in the old Units 1-4 ash basin is yard
drainage and water from dredging operations; the water level was observed to be well below the
elevation (692 ft-MSL) of the stop logs at the old drainage tower. The retired Unit 5 ash basin
contains no visible water. The old drainage tower had been removed. Conditions observed are
presented below. Photographs referenced below are contained in Appendix B. Any references to

left and right are relative to an observer facing downstream.

4.1 UNITS 1-4 RETIRED ASH BASIN DIKE AND OUTLET WORKS

In October, 2005, a severe, previously discussed rainfall event occurred at the site. This event
caused overflow in the Suck Creek Diversion canal located along the northwest side of the Units 1-
4 ash basin dike, leading to overtopping of the dike at depressed locations of the crest and severe
erosion of the lower portion of the downstream slope at several locations. Duke engaged Facilities
Planning and Siting, Inc. of Charlotte (FPS) to produce repair drawings and to subcontract a
grading contractor to oversee and perform the repairs. The damage locations are shown on Figures
3 and 3A. MACTEC was hired by FPS to provide engineering assistance regarding repair
methodology and to provide soil technician services to observe the repair work and perform soil
compaction testing during placement of structural fill. Repair plans call for restoring the failed

and eroded areas to the previous slope contours and raising the crest of the Units 1-4 dike by about

1 ft.

Water levels in the yard drainage holding pond and dredge spoil area were relatively low at the

time of inspection. In Photograph 4-5A, vegetation obscured the view of the water.
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The downstream slope of the Units 1-4 retired ash basin dike is overgrown with trees and other
vegetation as described in the earlier independent inspections. The crest, shown in Photographs
4-1, 4-2 and 4-3 has trees overhanging it. There are depressions that pond water at some locations
in the surface of the crest, although no ponded water was present due to preceding dry weather.
Depressions or “undulations” were first observed in the crest between approximately station 10+00
and 12+50 in the 1996 inspection. A chain link fence along the western (inside) edge of the crest
that was added between the 1986 and 1991 independent inspections shows sags in the same area as
the crest undulations (Photograph 4-2). This implies that the undulations formed since the fence
was installed. These depressions or undulations were still evident in the current 2006 inspection,

and appear essentially the same as they did in 1996 and 2001.

The inside (upstream) slope of the dike is almost completely buried with ash; only the upper part
of the slope above ash level is visible. No signs of slumping or shear failure were observed on this
slope. The outside (downstream) slope of the north end is grassed (Photograph 4-4). In 2001, the
vegetation showed minor, insignificant disturbance by mowing equipment in a few local places. In

2006, the slope surface was obscured by high grass cover.

A view of the wooded outside (downstream) slope of the Units 1-4 ash basin dike is shown in
Photograph 4-6. Trees on the downstream slope that had been overturned at the time of the 1991,
1996 and 2001 reports are still visible. As noted in earlier inspections, the inspection trail Jocated
along the toe of this slope is still overgrown (Photograph 4-6) and more so than 2001. In 2001,
signs of shallow slope failures were observed on the slope between approximately stations 11+00
and 13+00. In 2006, such shallow slump failures and erosion were noted at several locations on
the downstream slope, (Photographs 4-6A and 4-8B). However, much more significant distress
was observed in the 2006 inspection, caused by the October 2005 storm event. Overflow of the
retired Unit 1-4 Ash Basin, along with overflow of the Suck Creek Diversion Channel, caused
localized failure and erosion on the downstream slopes of the dike at the numerous locations
depicted on Figures 3 and 3A. Significant distress occurred within the original flat area between
the toe of the dike and the bank of the Broad River, between about Station 6+50 to §+50. Within
this area, up to about 15 ft of the original soil overburden failed and was removed by the flood
event, with a vertical soil face along the dike side of the failure area. Other similar but more

localized soil failure areas are present at about Station 3+00 and 14+00. In these two latter areas,
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the failed and eroded soil volume extends laterally from the Broad River up to about the
mid-height of the downstream slope of the dike. Seepage was not observed on the sidewalls of the
failed and eroded areas. These failed and eroded areas are seen in Photographs 4-4A, 4-4B, 4-6C,
4-7B, 4-7C, 4-8A and 4-8C.

As is the case for the downstream slope of the dike, conditions along the bank of the river are
worse than in 2001. As seen in the previously discussed photographs, the failed and eroded areas
extended down to the river bank in several areas. Old CMP drainage pipes (corrugated metal

pipes) were observed (Photograph 4-8) which have been undermined since 2001.

The visible part of the drainage tower is shown in Photograph 4-9, and the outlet end of the 30-
inch diameter CMP outlet is shown in Photograph 4-10 and 4-10A. The drainage structure still
appeared to be in fair condition. The steel frame on top of the drainage tower is rusty. High grass
obscured the lower portion of the drainage tower legs. A small trickle of red colored water was
observed to flow from the end of the outlet pipe. As part of the 1996 inspection, the sediment was
sampled and sent to Duke’s Metallurgy Laboratory where energy-dispersive spectroscopy was
performed and the sample was determined to be primarily iron oxide (letter dated January 2, 1997
to Mr. Mike Martin from Ms. Sue Anderson of the Metallurgy Laboratory). As seen in photograph
4-10A, erosion and undermining of the outlet pipe concrete flume has occurred since 2001,

apparently due to the October 2005 storm event.

4.2 UNIT 5 RETIRED ASH BASIN DIKES AND OUTLET WORKS

The crest of the Unit 5 retired ash basin dike was observed to be in good condition with no tension
cracks or major depressions. The ash in the filled basin is developing a vegetative cover including

trees.

An overall view of the outside (downstream) slope of the Unit 5 ash basin main dike is shown in
Photograph 4-11. In 2001, this slope was observed to be covered with a good growth of grass. No
slumps, slides or significant erosion were seen on this slope in 2001. In2006, high grass obscured
the slope. No seepage or wet areas were observed on the slope above the toe. The areas of clear

seepage and the swampy area noted at the downstream toe of the main dike in all the previous
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inspections were observed to be essentially unchanged. The swampy area located next to the rip-
rapped toe below the right (east) abutment is shown in Photograph 4-12 and, as in 2001, is
currently flooded to shallow depth by a beaver pond located downstream of the area. Bushes and

small trees continue to grow in the riprap, and should be removed (Photograph 4-12A).

Clear seepage that was emerging at the downstream toe of the saddle dike above Cooling Tower B
(in the vegetated area visible above the tree and the otherwise grassed slope in Photograph 4-12B)
was not observed in 2001 or the current 2006 inspection. In 2001, Mr. Hodges had noted that
water ponds in the drainage ditch located well beyond and below the toe of the saddle dike near
the cooling tower. The source of the water in this ditch was believed to be spring seepage from
natural ground below the downstream right abutment of the saddle dike. The downstream slope of
the saddle dike (see Photograph 4-12B) was observed to be grassed and free of obvious seepage or
wet areas. However, high grass growth obscured the slope and prevented a more thorouéh
inspection. No slumps, slides or other evidence of shear failure were observed on this slope.
Granular drainage has been constructed to intercept emerging seepage on the left abutment of this

saddle dike (see the rock-filled trench visible on the left in Photograph 4-12B).

In 2006, the Unit 5 retired ash basin drainage tower was either hidden by vegetation or had been
removed. The tower may be seen in Photograph 4-13 of the 1991 inspection report. The inlet
level for stormwater in the filled basin to escape through this tower is estimated to be at elevation
759.5 ft or 7.5 ft below the crest of the dike, based on measurements made on the tower during the
1996 inspection visit. The outlet end of the 60-inch diameter RCP (reinforced concrete pipe)
outlet is shown in Photograph 4-14. The pipe appeared to be in the same relatively good condition
at its outlet end as in the 1991, 1996 and 2001 inspections. Little or no water was flowing in the
pipe at the time of the current inspection. The stilling basin into which the pipe empties appears in
good condition. Apparent moisture collection forms the visual “grid” pattern on the inside walls

of this reinforced concrete basin; no free seepage was observed on the insides of the walls.
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4.3 SUCK CREEK ASH BASIN DIKES AND OUTLET WORKS

4.3.1 Downstream Dike

The crest of the downstream dike of the Suck Creek ash basin was observed to be in good
condition with no visible tension cracks, major depressions, sags or other signs of shear failure or

excessive settlement; a view of the crest is shown in Photograph 4-15.

The inside (upstream) slope of the downstream dike was observed to be in good condition but high
grass as shown in Photograph 4-16 obscured the slope. There were no obvious signs of shear
failure or major erosion on this slope. The rip-rap lined intercept ditches at the abutment contacts
were in good visual condition. Minor damage to the right hand ditch by mowing equipment tires is

visible in Photograph 4-17, and appears unchanged since the 1996 and 2001 inspections.

The outside (downstream) slope of the downstream dike was observed to be in generally good
condition, but somewhat obscured by high grass. Views of this slope are shown in Photographs 4-
17 and 4-18. A former slump in the left abutment just below the upper berm had been repaired
previously; the rip-rap covering the repaired slump area is shown in Photograph 4-19. The minor
erosion at the toe of this rip-rap covering appears similar to the 1996 and 2001 photograph; this

area can be repaired using gravel (No. 67 or 76) to stabilize the erosion.

At the time of the 1995 annual Duke inspection (December 2, 1995), their report states: “some
wetness was observed along the downstream right abutment, just above the elevation 725 berm,
however no water was flowing in the toe ditch”. However, no seepage or wet areas were observed
on the downstream slope during the 1996, 2001 and current 2006 independent inspections, and no

signs of major slope failure or significant erosion were seen on this slope.

As shown in Photograph 4-19A, large pieces of weathered rock were observed to have fallen from
the rock ledge located at the left abutment contact with the lower part of the outer slope. Some of
this rock has fallen into and partially blocks the riprap-lined ditch located at the left abutment

contact. The situation appears essentially the same as it did in the 1996 and 2001 inspections.
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This does not appear to be causing any problems at present, but should be monitored during the
routine inspections. However, vegetation is present in the rip-rap up against the rock ledge, which
will inhibit determining if additional rock falls from the ledge onto the rip-rap. This vegetation

should be removed.

The rip-rap-lined channel leading from the toe of the downstream dike to the river is shown in
Photograph 4-20, and the toe of the dike is shown in Photographs 4-21 and 4-21A. Beaver
damming across the outlets of this channel at the river bank present at the 1996 inspection had
been removed prior to the 2001 inspection. The flow of water from the toe of the dike into the
channel, which had been observed in the pre-1996 inspections, was visible in 2001 and in the
current 2006 inspection. The observed seepage was clear. However, vegetative growth in the
channel bottom made inspection of the seepage difficult and should be removed. (At the time of
the 1986 inspection, no water had been observed flowing from the toe of the dike though the
channel bottom next to the toe but the toe was damp and overgrown with cattails and other

vegetation.)

4.3.2 Upstream Dike

Views of the crest inside (upstream) slope and outside (downstream) slope of the upstream dike of
the Suck Creek ash basin are shown in Photographs 4-23, 4-24 and 4-25, respectively. High grass
obscured the slopes. Overall, this dike was observed to be in good condition. The grassing on the
slopes was observed to be good with no significant erosion noted. No tension cracks or major
depressions were seen on the crest and no major depressions were seen on the crest. No slumps,
slides or other signs of shear failure were seen on the slopes. No animal burrows were observed
during this present inspection. The rip-rap-lined abutment contact ditches were observed to be in
good condition and unobstructed. Clear seepage was observed in the lower part of the right side
abutment ditch near the top of the rip-rap toe. The rip-rap at the toe of the downstream slope of
the dike was observed to contain weedy growth, briars and vines (Photograph 4-26). In 2001, the
vegetation in the flat toe area had been cleared to about 15 ft beyond the toe as recommended in
the 1996 inspection. In 2006, vegetation had become reestablished in this area, which should be
removed. The relatively flat area beyond the toe was swampy and soft, as shown in Photograph 4-

26, with areas of clear standing water and seepage. The vegetation prevented thorough viewing of
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the flat area beyond the top, but to the extent viewable, there was no evidence of boils or fast

flowing seeps cafrying soil particles.

4.3.3 Outlet Works

The visible part of the drainage tower is shown in Photograph 4-27 and the outlet end of the 42-
inch diameter reinforced concrete bottom discharge pipe is shown in Photograph 4-28. These
structures were observed to be in good condition. Discharge from the pipe was clear, and no
dropouts or sinkholes were observed in the soils over the buried outlet pipe. No seepage was

observed around the outside of the pipe at the outlet end.
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5. PREVIOUS INSPECTION AND PERTINENT REPORTS

Up through 2001, Duke engineers had made annual inspections. An independent consultant
inspection is performed every five years. Since the 2001 report, annual inspections of the dikes
have not been consistently performed by Duke. The last two independent inspection reports (1996
and 2001) were reviewed. Neither of these reports indicated any serious conditions which would
immediately jeopardize the safety of the Cliffside ash basin dikes. The significant storm event
previously noted herein occurred in October 2005. The distress caused by this storm event to the

retired Units 1-4 ash basin is serious and repair of these distressed areas is discussed in this report.
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6. MONITORING INFORMATION

In August 1983, three piezometers (P4 through P6) were installed 38.4 to 41.4 ft deep in the
downstream dike of the Suck Creek ash basin; three (P1 through P3) were installed along the
outside edge of the crest. Each of these piezometers was sealed about 7 ft above the bottom of the
pipe. Other details of installation for these piezometers were included in the 1986 independent
inspection report. In February 1987, three observation wells (OW-7, OW-8 and OW-9) were
installed in the downstream dike of the Suck Creek ash basin. Logs of installation for the three
observation wells were presented in Appendix C of the 1991 inspection report. Water level

readings in the piezometers typically have been taken on a monthly basis since installation.

In October 1995, two piezometers (CLMW-05S and 05D, P-11 and P-10, respectively) with
respective sealed intervals from 48 to 60 ft and 92 to 104 ft were installed on the crest, with

installation details presented in Appendix C of the 1996 inspection report.

In November 2001, two observation wells (OW-10 and OW-11) were installed on the downstream
slope of the downstream dike of the Suck Creek ash basin. OW-10 was installed on the slope
about 25 to 30 ft horizontally upslope from OW-7. OW-11 was installed on the slope about 60 ft
horizontally downslope from P-3. These were installed to respond to a recommendation for their
installation contained in the 1996 inspection report. The logs for these installations are contained

in Appendix C of the 2001 Inspection Report.

Approximate locations of all the above are shown on Figure C-1 in Appendix C. The individual
readings of the piezometers and of the water levels in the Suck Creek ash basin are plotted in
Appendix C. The pond level between the years 1989 and 1999 fluctuated between elevation 755
and about 758 f--MSL. Beginning in early 2000, the pond was raised and fluctuated between 762
and about 762.5 (full pond is to be 772 ft) up to late 2004. The pond level dropped briefly to about
758.5 ft during the first quarter of 2005, then was raised to about elevation 764 through the
remainder of 2005. The brief high pond level of the Suck Creek ash basin associated with the
October 2005 storm event is not captured in the pond level data. (Pond level readings bracketing
the October 2005 storm event were taken on September 28, 2005, October 27, 2005 and November
30, 2005. These three readings only varied from 763.5 to 763.7 ft). Beginning in early 2006, the
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pond was raised briefly to 765 ft and then ranged between 764.3 and 764.7 through the last reading
on May 31, 2006 provided by Duke. The water levels in piezometers P-4, P-5 and P-6 and
observation wells OW-8 and OW-9, all located above the horizontal drainage blanket of the dike,
have varied little. However, the level in OW-7 fluctuates considerably, and rose about 22 ft from
the fall of 1992 to the late spring of 1993, and then fluctuated about 10 ft annually; since mid-
1998, OW-7 has fluctuated about 5 to 6 ft annually. There appears to be a seasonal cycle in
fluctuations at OW-7 with the highest water elevations occurring in the late winter and spring and
the lowest in the fall. This is similar to the seasonal cycle of natural ground water elevations,
suggesting that OW-7 may be affected by rainfall and/or evapotranspiration. OW-10 was installed
to verify the depth of the phreatic line under the downstream slope near OW-7. From the time of
its installation in late 2001 through mid 2006, the readings in OW-10 have mirrored the
approximate 5 ft fluctuations of OW-7, higher in the spring and lower in the summer and early fall.
The readings of OW-10 are typically about 1 to 3 ft higher than those of OW-7, which is
understandable and expected given OW-10’s higher position on the slope. Thus, the readings of
OW-10 confirm the reliability of the phreatic surface readings of OW-7.

Piezometer P-2, upslope from OW-7, has a measuring interval between about elevations 723 and
730 and had a relatively constant water elevation between about 726 and 730 until 1995, when it
rose to about elevation 740 by the end of 1995, which was some 8 ft above the top of its measuring
interval. Thereafter, with some fluctuation, P-2 remained usually between elevations 730 and 742
until the end of 1998, when is it declined to about 730 and then fluctuated between about 726 and
731 until late 2002. From late 2002 to mid 2006, P-2 typically ranged from about 740 to 745 with
twb late in the year drops to about 730 in late 2003 and late 2004. Piezometer P11, intended to
supplement P-2, was within the fluctuation range of P-2, until P-2 declined in late 1998 and early
1999 and P-11 remain relatively constant and showed a slight increase in elevation corresponding
to the increase in pond elevation in the early part of 2000. (P-2 did not increase in response to the
raising of the pond). From late 2002 to mid 2006, P-11 has ranged from 740 to 745, almost exactly
mirroring the readings of P-2, except for the two apparent anomalous P-2 readings of 730 in late
2003 and late 2004. P-10, located the same distance from the pond contact with the upstream
slope as is P-11 but closer to the left abutment, read 20 to 25 ft deeper than did P-11 through late
2002 and has read 30 to 35 ft deeper since this time. However, P-10 has a deeper sealed interval
than does P-11. Piezometer P-1 and P-3 have approximately the same measuring interval as P-2.

Piezometer P-1 also showed a significant rise of 9 or 10 ft in piezometric head to about elevation
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735 after the end of 1994 until early 2000, when it declined to about elevation 730 through the end
of 2002 in spite of the raising of the pond elevation at about this same time. From early 2003 to
mid 2006, P-1 has remained relatively constant at about 738 to 740 ft. Piezometer P-3 showed
about 20 ft of rise in piezometric head, to about elevation 746 in early 1998. Like P-1, P-3 then
also declined in the period beginning just before and continuing after the pond elevation increase
which took place in early 2000. During the 2001 inspection, Mr. Steve Hodges informed that
piezometer P3 is sometimes difficult to read, often producing an indication of water at about 34 ft
and then again at about 51-52 feet. Since early 2003, P-3 has read mostly between 745 and 750
until mid 2006, with a few apparently anomalous readings of 730 ft during this period, possibly
due to the difficulty in reading this piezometer since the pond level remained relatively constant at
762 to 764 ft during this period. Since the time of its installation in November 2001, OW-11 has
typically read between 735 and 738 ft. Since the end of 2003, the OW-11 readings have been
about 10 to 15 ft lower than the predominant P-3 readings of 740. to 745 ft.

The years 2000 and 2001 experienced unusually dry weather conditions; this suggests the decline
in water elevations in P-1, P-2 and P-3 in spite of an increase in pond elevation in early 2000, was
related to weather conditions. Since early 2003, P-1, P-2 and P-3 have increased with the pond
level. Also, Piezometer P-11 and to a lesser extent P-10 appear to be influenced by the pond

elevation.
Table C-1 summarizes the stability analysis phreatic line elevations at the locations of the
piezometers and observation wells, and summarizes the highest readings to date in each location

for comparison with the elevations used for stability analysis.

No settlement monuments or other instrumentation besides the piezometers and observation wells

described above are monitored at the Cliffside ash basin dikes.

6-3



Cliffside Steam Station - Ash Basin Dikes January 8, 2007
Report of 5-Year Independent Consultant Inspection
MACTEC Project No. 6234-06-3843

7. CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

As previously discussed in this report, severe erosion and slope failures were noted in several areas
of the downstream slope of the Units 1-4 retired ash basin dike. Repair of these areas was
underway by Facilities Planning and Siting at the time of writing of this report. Monitoring and

fill compaction testing were being performed by MACTEC, subcontracted to FPS.

The downstream slope repairs were targeted toward the major distress and erosion caused by the
October 2005, storm event. Apparent old shallow slump and erosion noted on the upper portions
of the downstream slope in 1996, 2001, and 2006 were typically not repaired. The repair included
placing about 1 ft of new fill over the previous dike crest, leveling the crest and obscuring the

previously noted undulations in the dam crest.

This 2006 inspection found no obvious signs of imminent instability or serious inadequacy of the
other dikes and outlet structures at the Cliffside Steam Station that would require emergency

remedial action.

The conditions observed at the other ash basin dikes are essentially the same as those observed in
the earlier independent inspections, except that mowing of grass had not being performed at the

time of the 2006 inspection.

Both the upstream and downstream dikes at the Suck Creek ash basin are in generally good visual
condition. The grass on these dikes is generally well established but needs to be mowed to allow
for inspection of the slopes. The small slump noted in the 1986 independent inspection on the
outside slope near the left abutment of the downstream dike has apparently been repaired because
no signs of the slump were observed in the 1991, 1996, 2001 and 2006 inspections. The clear
seepage emerging into the drainage channel at the toe of the downstream dike probably comes
from the drainage blanket. The wet area observed just beyond the rip-rapped toe of the outside
slope of the upstream dike appeared to be similar as observed during the previous independent

inspections but growth of vegetation in this area made visual inspection difficult.
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The water levels in the piezometers and observation wells in the downstream dike of the Suck
Creek ash basin are below the design phreatic line, however, the pond has never been higher than
about 7 ft below the 772 ft design full pond and yet the water depth readings in OW-7 have
approached the depth assumed for the design phreatic line under full pond. Piezometer P-2,
upslope of OW-7, has indicated a maximum piezometric reading that is about 19 ft below the
design phreatic line. However, P-2 is a piezometer with the top of its sealed (measuring) interval
at about elevations 730, which is 15 ft below the measured maximum phreatic level and 34 ft
below the design phreatic line. Thus, P-2 functions as an observation well to measure the phreatic
surface only when the piezometric reading is lower than the top of the sealed interval (723).
Otherwise, the piezometric level in its measuring interval is actually lower than the phreatic line

since there is a vertical seepage gradient as indicated by P-11 and P-10.

Since its installation in November 2001, the phreatic surface readings of OW-10 have essentially
mirrored the readings of OW-7, but about 2 ft higher than the readings of OW-7. This is
understandable and expected since OW-10 is at slightly higher elevation on the slope than OW-7.
The readings of OW-10 have ranged from about 720 to 731 ft. The readings of OW-10 confirm
the validity of the readings of OW-7. The readings of OW-11, located even higher on the slope
than OW-10, have varied from about 733 to 739, again tending to validate the previous results of
OW-7.

The hydrologic analyses indicate that the Units 1-4 retired ash basin and the Unit 5 retired ash
basin have the capability of containing or passing runoff from the 100-year storm without
overtopping. This degree of hydrologic safety is adequate, in our opinion, for the retired basins
which no longer serve as impoundments. The October 2005 storm event that caused overtopping
of the Units 1-4 old dike was estimated to be a 500 year storm. However, considering> that the
basin is retired, in our opinion, the 100 year criterion is still adequate. The degree of hydrologic
safety of the Suck Creek ash basin meets the criteria established by the Corps of Engineers and the
North Carolina Dam Safety regulations. No changes from the 1986 and 1991 independent
inspections were observed that would have a potentially serious impact on the assumptions used in
the hydrologic analyses. No further study of the safety of the dikés with respect to flood hazard

appears warranted at this time.
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The 1983 static slope stability analyses of the ash basin dikes at Cliffside indicated computed
factors of safety for deep seated potential failure arcs that meet or exceed conventional minimum
safety factor criteria, though some lower-than-minimum factors of safety are indicated for shallow
(less than 10 ft) potential failure arcs on the inside slope of the Suck Creek downstream dike.
There is also an indication, as described earlier, that the design phreatic line used in the slope
stability analyses of the Suck Creek downstream dike may be exceeded under future conditions.
This will affect the stability. The less than hydrostatic uplift conditions on deeper potential failure
surfaces means that the safety factors computed on deep failure surfaces will be too low (too
conservative) since hydrostatic uplift assumptions are used. With this in mind, the 1997 analyses
reported in Section 3.1.1 showed that, under the then existing conditions (pond elevation 758 or
lower) the safety factor of the downstream slope is well above 1.5 (1.69). Because of the higher
than “theoretical” phreatic line being indicated by the measurements, prediction of the final
phreatic line under full pond (elevation 772) conditions would require special computations (finite
element or finite difference modelling) that are not normally done for ash dikes. Therefore, a
reasonable assumption of the possible future phreatic surface was made and 1997 calculations by
Duke produced the conservative safety factors in Section 3.1.1, which are below the desired value,
particularly for the upper part of the slope.  Since it is not known how accurately the future
phreatic surface was assumed for these calculations, and since the calculations show the slope has
adequate safety factor under 1996 conditions, future inspections will have to evaluate phreatic line
behavior at higher pond elevations in order to decide what, if any, remedial features are needed
before full pond at elevation 772 can be safely achieved. Table C-1 in Appendix C should be
updated annually with the highest readings achieved to date for comparison with the analysis

phreatic elevation.

Methods of maintenance and surveillance, as they relate to overall project safety, appear to be
reasonably adequate but with concerns listed below. Maintenance should continue as needed to
keep a good stand of erosion resistant grass on the slopes of the ash dikes particularly the Suck
Creek dikes and to keep the rip-rap-lined channel and ditches free of vegetation and other
obstructions such as the rocks that have fallen from the weathered rock ledge into the left abutment
contact ditch next to the outside slope of the Suck Creek downstream dike. Mowing of grass was

overdue at the time of 2006 inspection.
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Since the 2001 inspection, the program of annual inspections performed by Duke engineers has not
been maintained. Also, responsibility for maintaining instrument readings and plotting of data has
been assigned to personnel at the individual stations. Previously, this was the responsibility of an
individual at Duke Corporate with knowledge of previous inspection reports and familiarity with
the previous instrument readings. The actual readings themselves, as before, are being taken by
local station personnel, in this case Mr. Steve Hodges, who is-also responsible for the on-going
maintenance of the dikes and outlet works. The plots of the readings had not been maintained and
assessed for their engineering significance as it was unclear who had this responsibility. We
recommend that Duke reinstitute more centralized responsibility for the receiving and plotting of
data from the dikes at the individual stations, in order to ensure that the data are plotted on a
regular basis to facilitate engineering evaluation of any changes requiring attention prior to the 5
year inspections. The annual inspections by Duke engineers should also be reinstated and the
plotted instrument readings up to the time of each annual inspection used to help evaluate any

changes noted in the annual inspections.

7.2 RECOMMENDATIONS

General

1. No further study of hydrologic safety is recommended at this time.

2. The grassed slopes of the dikes should continue to be reseeded in areas where
equipment has disturbed the vegetation, and the existing maintenance program
should be continued and upgraded to include regular mowing of the slopes.

3. Burrowing animals should be prevented from establishing themselves on the
dike slopes and abutments. A maintenance program in which the grass cover
is mowed at least twice yearly is very helpful in this regard because it denies
protective cover to these animals.

Suck Creek

4. Quantitative monitoring of the Suck Creek basin water level and the
piezometer water levels should continue on a monthly basis. This is important
to reliably measure the rise in phreatic elevations versus future rise in pond
elevations to assess the full pond stability calculations described in Section
3.1.1 and in the next to last paragraph of Section 7.1. Table C-1 in Appendix
C should be updated annually for the highest reading to date and this should
be compared to the analysis phreatic elevations.
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5. The swamp area at the downstream toe of the Suck Creek upstream dike
should have existing vegetation removed and vegetation controlled for a
distance of at least 15 ft from the toe to facilitate inspection observations of
this swampy seepage area. At least annually, the vegetation in this area should
be cut by hand. Construction of surface ditches to drain this area would be
helpful in accessing the area for vegetation control.

6. The vegetation in the rock rip-rap toe area of the Suck Creek upstream dike
should be removed and then controlled by annual application of herbicide.

Unit 5 Retired Basin

7. It is recommended that the retired Unit 5 basin dike be inspected during annual
inspections performed by Duke engineers; they also should be inspected by
plant personnel after unusually heavy rainfalls.

8. The vegetation in the rock rip-rap toe area of the Unit 5 basin (retired) dike
should be controlled by annual application of herbicide. The small trees and
larger shrubs should be cut by hand and removed.

Units 1-4 Retired Basin

9. It is recommended that the retired Units 1-4 basin dike be inspected during the
annual inspections performed by Duke engineers; it also should be inspected
by plant personnel after unusually heavy rainfalls, or during high river stages.
It is recommended that inspection trails be cleared at least once a year, just
prior to the annual inspections, along the toes of the outside slopes of the
retired Unit 1-4 dike to facilitate the inspections.

10. Repair of the Units 1-4 retired ash basin will include not only the downstream
slopes, but also placement of about 1 ft of new fill on the crest of the dike to
create a level surface. This will remove the previous undulating area of the
crest noted in this report. We recommend that the new dike crest be
monitored for any reoccurrence of irregular surface settlement. If such
settlement is detected, further investigation (see below) and/or remedial
action will be necessary.

11. If careful site observation during future annual inspection detects undulation
of the crest, as previously noted prior to the new repairs, at least two soil test
borings sampled at 2.5 ft intervals to a depth of at least 15 ft below the base of
the embankment soil should be made in the crest of the Units 1-4 retired ash
dike in the undulating area to explore soil conditions. The boring operations
should be field-observed by an engineer experienced in geotechnical and
embankment engineering. The engineer should direct the driller to obtain
undisturbed samples for laboratory testing if this is judged to be advisable
based on the conditions being encountered.
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APPENDIX A

FIGURES
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