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CCW IMPOUNDMENT ASSESSMENT
DAN RIVER STEAM STATION
ROCKINGHAM COUNTY, NORTH CAROLINA
PROJECT NO. 09-4157

1.0 EXECUTIVE SUMMARY

1.1 GENERAL

This Section is a summary of the Independent Engineer’s Review of Management Units for the
Dan River Steam Station. The Report was prepared by Paul C. Rizzo Associates Inc (R1ZZO)
for the United States Environmental Protection Agency (USEPA) under subcontract to Lockheed
Martin. This Section summarizes the finding, assessments, conclusions and recommendations of
the Independent Engineer.

The Dan River Steam Station is a coal fired power plant located on the north bank of the Dan
River in Eden, Rockingham County, North Carolina owned and operated by Duke Energy
Carolinas, LLC. Under normal operating conditions, byproducts of coal combustion including
fly ash, bottom ash, boiler slag, flue gas emission control residuals, and other general wastewater
products such as stormwater runoff and interior drainage are wet placed into an adjacent
decantation basin.

The basin was originally constructed as a single embankment structure in 1956 using local
borrow materials. The original structure was raised and made larger in 1967 and from 1976 to
1977 was raised and divided into two ponds by an intermediate dike. The resulting two basins
are referred to as the Primary Pond and Secondary Pond, and are the subject of this Report. For
the purposes of this assessment, the Primary and Secondary Ponds have been classified as
significant hazard potential structures. Significant hazard potential structures are classified as
structures where failure is not likely to result in loss of life, but may cause significant economic
loss, environmental damage, disruption of lifeline facilities, or can impact other concerns. The
predominant risk of failure for the Primary and Secondary Ponds is environmental damage.
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In addition to the two “wet” storage ponds at the Dan River Steam Station, a dry ash storage area
exists north of the ponds. This area was determined not to provide any dam safety concern
during the field inspection as it consists of dry landfilled coal combustion waste (CCW) products
that are capped and have well graded and well maintained slopes and surface drainage systems.
Although the ash storage area is not a dam safety risk, a Coal Combustion Dam Inspection
Checklist Form was completed to document the performance of the field inspection of the
structure. The Checklist can be reviewed in Appendix D.

1.2 SUMMARY OF FIELD INSPECTION FINDINGS

The site inspection was conducted on May 27 through May 28, 2009. The inspection team
consisted of representatives from Duke Energy Carolinas, the USEPA, and RIZZO. The team
stopped at each of the Project features to inspect the structures and the surrounding area.
Particular attention was paid to site features that may contribute to typical failure modes of
embankment structures such as settlement, seepage, and slope stability.

The embankment comprising the Primary and Secondary Pond was found to be in good
condition in general with a few areas of concern, chiefly seepage and shallow surface slides on
the south (river) side of the embankment and the existence of animal burrows in the Secondary
Pond south embankment. Existing embankment instrumentation and the overall site of the Dan
River Steam Station appeared to be well maintained and in good working order.

1.3 SUMMARY OF O&M STATUS

The Project is attended full time by plant operators and dedicated safety personnel. Operation
and maintenance procedures are well thought out and readily available to the site staff in the
event of any questions to the procedure. The current inspection schedule for the Primary and
Secondary Ponds consists of visual inspections monthly and after heavy rainfall events, an
annual inspection, and a quintennial inspection performed by an outside consultant as required
by North Carolina Utilities Commission (NCUC) regulations. The last five year inspection was
performed in 2006 by MACTEC, with the next inspection planned for 2011. Generally, it was
observed that the plant is well operated and well maintained.
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14 CONCLUSIONS

14.1 Project Description

The Dan River Steam Station is a coal fired power plant. The Primary and Secondary Ponds
were constructed to provide storage for waste coal combustion products and to provide necessary
decantation capacity for the discharge water from the plant to comply with NPDES discharge
permit requirements. In general, the ponds are embankment structures built with local borrow
material and/or CCW products without internal drainage systems. Pool levels are controlled
using stoplogs at concrete intake structures.

The CCW retaining structures of the Project have not had major changes since the last
quintennial report performed in the year 2006. However, in response to the last five year
inspection, additional instrumentation has been installed at three locations of interest on the
southern embankment. This instrumentation is being monitored and the data compiled for
submittal to and the development of potential remedial recommendations by MACTEC.

1.4.2 Field Inspection

Field inspection was performed in light of EPA guidelines, typical embankment failure modes
and the recommendations of the previous five year inspection report. As noted in previous
inspection reports, areas of seepage and surficial slides in the embankment material were noted.
In addition, animal burrows were noted in the Secondary Pond embankment, and inspection
personnel observed a monument system intended to track the erosion of the riverbank toward the
structures. Recommendations were developed based on field observations and technical review
of project documentation provided by Duke Energy.

15 Summary of Recommendations
There were a total of five recommendations resulting from the document review and field

inspection. The recommendations are summarized below in Table 1-1 and discussed in detail in
Section 4.0.
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TABLE 1-1
SUMMARY OF RECOMMENDATIONS

RECOMMENDATION

TIMEFRAME

Perform Stability Study for ASAP

Southern Embankments and

Establish Action Levels

Perform Global Stability

Calculation with Regard to Inspection.

Riverbank Erosion

In Conjunction with Next Annual

Nuisance Animal Control and | Ongoing as Necessary.

Backfilling of Burrows

Stump Removal

Within the Next Two Years.

Completion of 6™ Independent

Consultant Report
Recommendations

Consultant Report.

As required by 6™ Independent

1.6 CERTIFICATION

1.6.1 List of All Field Inspection Participants

The field inspection was conducted from May 27 through 28, 2009. The individuals
participating in the inspection were:

Stephen Hoffman
Jesse Miller

H. Grady Adkins, PE
Conrad Ginther, EIT
David Ray, EIT
Steve Townsend
Jeff Dunovant

Larry Evans

Robert Wylie
Laurence M. Cook
George Tolbert
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USEPA

USEPA

R1ZZO - Independent Engineer
R1ZZO

R1ZZO

Duke Energy Carolinas, LLC
Duke Energy Carolinas, LLC
Duke Energy Carolinas, LLC
Duke Energy Carolinas, LLC
Duke Energy Carolinas, LLC
Duke Energy Carolinas, LLC
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2.0 PROJECT DESCRIPTION

2.1 DESCRIPTION OF HISTORIC PROJECT FEATURES

2.1.1 Original Pond

The original coal combustion waste (CCW) pond was constructed in 1956, and consisted of a
single embankment with a crest elevation of 523.5 feet. Based on historic drawings provided by
Duke Energy, it appears that the original embankment was on the order of 20 feet to 25 feet high.
This embankment was constructed of local borrow materials and was in operation to around
1968. In addition, two stormwater pipes pass under the original pond and discharge into the Dan
River. Notes on historic drawings indicate that these pipes were installed with three feet of cover
minimum. Detailed engineering reports and drawings for the original embankment, including
records of the original foundation treatment, were not provided as part of this review.

2.1.2 Single Pond Extension and Raise

From 1968 to 1969, the original pond was extended to the east along the Dan River on the order
of 1200 feet and raised to have a crest elevation of 530°. Notes on historical drawings indicate
that the extended embankment was built on existing grades to the east and at least partially on in-
place ash to the west where the older embankment was being raised.

2.1.3 Construction of Intermediate Dike

An intermediate dike was constructed from 1976 to 1977, bisecting the extended pond into the
Primary Pond and Secondary Pond. The intermediate dike was constructed to provide additional
clarification of the wastewater prior to discharge into the Dan River, with a discharge structure
constructed on the north side of the intermediate berm to connect the primary and secondary
cells. In addition to the construction of the intermediate berm, the embankment around the
Primary Pond was raised ten feet to have a crest elevation of 540°. The crest elevation of the
embankment comprising the Secondary Pond was kept at elevation 530°. Based on notes on
historical drawings, the raised portion of the Primary Pond and the intermediate dike were built
on top of existing ash deposits. The raised embankment portion of the Primary Pond was
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constructed by excavating ash near the crest of the existing embankment to provide a sort of
keyway connecting the old and new embankment material; presumably to provide seepage
control by creating continuity between the old and new fills.

2.2 EXISTING PROJECT FEATURES AND HAZARD POTENTIAL CLASSIFICATION

2.2.1 Primary Pond

The Primary Pond at Dan River Steam Station consists of a composite embankment made up of
local borrow materials, generally silty sands and sandy silts with some clay, on the downstream
shell and either fill or CCW materials placed over the life of the Station. No internal drainage
was provided in the construction of this Pond. The eastern side of the Primary Pond consists of
the intermediate dike to elevation 530°, constructed on in place ash deposits, and fill material
constructed on top of the dike and ash deposits from elevation 530’ to 540°. The Primary Pond
has a crest elevation of 540’, and was constructed with side slopes of 2H:1V. The southern
(river) side of the Pond was provided with a rip rap liner up to elevation 512" and a rockfill berm
up to elevation 503’ alongside the river. An intermediate bench at elevation 530° was
constructed during the last raise of the Pond’s crest.

The Primary Pond has a surface area of approximately 27 acres and a total storage capacity of
approximately 477 acre-feet. The Pond was approximately 62 percent full in January 20009.

The Primary Pond has been dredged at various times in its life, with the dredge spoils stored on
site in a dry ash storage landfill to the north of the Ponds. According to site personnel, the last
dredging was performed in 2007, and dredging is not expected to occur again due to impending
decommissioning and replacement of the Dan River Steam Station.

Currently, combustion waste and other materials are pumped into the Primary Pond through
sluice pipes entering the southwest corner of the basin. Pool elevations are controlled via a
square reinforced concrete intake structure at the northeast end of the Primary Pond. The pool
elevation is controlled by adding or removing concrete stoplogs in two bays of the intake
structure. Flows are carried to the Secondary Pond via a 36 inch diameter concrete pipe installed
through the intermediate dike. No emergency spillway exists for the Primary Pond. According
to the last quintennial inspection report, calculations performed by others indicate that the design
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storm event, a %2 Probable Maximum Precipitation (PMP) event, will not overtop the Primary
Pond embankment.

Based on field reconnaissance and a review of U.S. Geological Survey (USGS) maps and aerial
photographs, the Primary Pond has been classified by the Independent Engineer as a significant
hazard potential structure due to the environmental damage that would be caused by
misoperation or failure of the structure. According the previous Independent Consultant Report,
the Pond is classified as “low hazard” according to U.S. Army Corps of Engineers criteria and
has been declared “high hazard” by the State of North Carolina. Table 2-1 below summarizes
the location information for the Secondary Pond. The Coal Combustion Dam Inspection
Checklist Form for the Primary Pond can be reviewed in Appendix D.

TABLE 2-1
SECONDARY POND LOCATION DATA

DEGREES MINUTES SECONDS
Longitude 36 29 21
Latitude -79 42 58
State: North Carolina County: Rockingham

2.2.2 Secondary Pond

The Secondary Pond at Dan River Steam Station is generally made up of local borrow materials,
typically silty sands and sandy silts with some clay. At the time of construction of the
intermediate dike, ash in what was to become the Secondary Pond was removed and landfilled.
The Pond has not been dredged since completion of the intermediate dike separated the original
pond. No internal drainage was provided in the construction of this Pond. The western side of
the Primary Pond consists of the intermediate dike to elevation 530°, constructed on in place ash
deposits. The Secondary Pond has a crest elevation of 530’, and was constructed with side
slopes of 2H:1V. The southern (river) side of the Pond was provided with a rip rap liner up to
elevation 512°.
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The Secondary Pond has a surface area of approximately 12 Acres and a total storage capacity of
approximately 187 acre-feet. The Pond was approximately 50 % full in January 2009.

The discharge structure for the Secondary Pond consists of a reinforced concrete tower provided
with removable concrete stoplogs with a maximum elevation of 525°. Water from the tower
flows into a 36 inch diameter concrete pipe which discharges into the Dan River. At the time of
inspection, the outflow was clear. A weir assembly mounted to the outfall was in disrepair at the
time of inspection. The discharge from the Secondary Pond is controlled by NPDES Permit #NC
0003468. No emergency spillway structure exists for the Secondary Pond. According to the last
quintennial inspection report, calculations performed by others indicate that the design storm
event, a % Probable Maximum Precipitation (PMP) event, will have a peak flood elevation of
529.18’ and therefore not overtop the Secondary Pond embankment. For this reason, emergency
spillways have not been provided and do not appear to be necessary.

Based on field reconnaissance and a review of USGS maps and aerial photographs, the
Secondary Pond has been classified by the Independent Engineer as a significant hazard potential
structure due to the environmental damage that would be caused by misoperation or failure of the
structure. According the previous Independent Consultant Report, the Pond is classified as “low
hazard” according to US Army Corps of Engineers criteria and has been declared “high hazard”
by the State of North Carolina.

The nearest downstream town from the outfall is Danville, Virginia, which is over 16 air miles
from the site. The downstream site vicinity is characterized by agricultural/livestock operations
and undeveloped rural areas. No critical infrastructure appears to be within 5 miles downstream
of the structure. Table 2-2 below summarizes the location information for the Secondary Pond.
The Coal Combustion Dam Inspection Checklist Form for the Secondary Pond can be reviewed
in Appendix D.
TABLE 2-2
SECONDARY POND LOCATION DATA

DEGREES MINUTES SECONDS
Longitude 36 29 31
Latitude -79 42 47
State: North Carolina County: Rockingham

R2 094157/CHG/HGA 9 Final Report



2.3 ENGINEERING INFORMATION

The ash basins and associated dikes were constructed in phases beginning about 1954. Major
additional work was performed in 1956, 1968, 1976, and 1980. Engineering studies for the 1968
and earlier work are not readily available. An independent consultant performed a geotechnical
investigation in 1974 to evaluate subsurface conditions and strength parameters for the in-place
fill, ash, and foundation soils and to evaluate potential borrow soils. Additional design studies,
including hydrologic and slope stability analyses, were performed by Duke Power engineers for
the 1976 construction of the Secondary Pond. Additional slope stability analyses were made in
1985, 1986, 1997, and 2005.

An Ash Basin Flood Study was performed in 1987 by Duke Power Engineers and reviewed by
an Independent Consultant. The State of North Carolina classified the Ash Ponds as high hazard
requiring that they be capable of safely storing or passing the ¥ PMP storm event.

Results of these studies were provided to RIZZO.

2.3.1 Slope Stability Analyses

The recommended minimum factors of safety contained in the “Recommended Guidelines for
Safety Inspection of Dams” (US Army Corps of Engineers ER 1110-2-106) are:

o Steady State Seepage Condition — 1.5; and
e Sudden Drawdown Condition — 1.2

In 1976 Duke Power adopted slope stability safety factors of 1.25 for End of Construction
Condition and 1.4 for Steady State Seepage Conditions based on recommendations of their
independent consultant.

The results of the 1985 slope stability analyses showed a factor of safety of 1.5 or greater for
deep seated potential failure surfaces under and safety factors in the range of 1.3 to 1.4 for very

shallow potential failure surfaces under steady state seepage conditions.

Since the 1985 stability analyses, monitoring of the piezometers has shown continually rising
phreatic levels in the embankment. A 1997 analysis with a revised cross section resulted in a
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1.45 safety factor for a deep seated failure surface. A 2005 analysis with the phreatic surface
raised to represent current field conditions resulted in a factor of safety of 1.36 at the section
analyzed in 1997. Phreatic surfaces at the time of the inspection were higher than those used in
this analysis.

Additional monitoring stations have been installed and are being monitored as recommended in
the 2007 Independent Consultant’s Inspection Report. A new stability study based on the latest
monitoring is planned according to Duke Energy personnel. This study, to include potential
remedial actions, should be completed as soon as possible

2.3.2 Hydrologic Analyses

An Ash Basin Flood Study was performed by Duke Power engineers in 1987 in response to a
request from the North Carolina Utilities Commission to address the hydraulic capacity of the
ash basins to store or pass the ¥ PMP event. This study was reviewed by an Independent
Consultant and as part of this inspection. The maximum computed water levels in the ash ponds
during the ¥, PMP event are:

BASIN DIKE ELEVATION MAXIMUM FLOOD ELEVATION
Primary Pond 540.0 536.49
Secondary Pond 530.0 529.18

It was concluded that these ponds could adequately pass the flow from the %, Probable Maximum
Precipitation storm without the need for additional spillway capacity.

Based on the review of these reports, RIZZO concurs with the methods and conclusions of the
hydrologic analyses.

2.4 SUMMARY OF STANDARD OPERATING PROCEDURES

2.4.1 Purpose of the Project

The Dan River Steam Station is a coal fired power plant. The Primary and Secondary basins
were constructed to provide storage for waste coal combustion products and to provide necessary
decantation capacity for the discharge water from the plant to comply with NPDES permit
requirements. Currently the Station is in light production and slated for decommissioning and
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replacement by a new plant in the next few years. As such, additional ash loading of the pond is
not anticipated to require the pond to be dredged or excavated again.

To date there have been no failures, overtopping events, or uncontrolled releases into the Dan
River from the Primary or Secondary Pond. This assessment does not include discharges already
recorded in NPDES records.

2.4.2 Current Inspection Schedule

The current inspection schedule for the structures at Dan River is as follows:

e Visual Inspection by Site Staff: Performed monthly and after heavy rainfall events;

e Engineering Inspection by Duke Energy Staff: A more in-depth inspection,
performed annually, and

e Quintennial Independent Engineer’s Inspection: An in-depth independent
engineer’s review of the structures performed at five year intervals required by the
North Carolina Utilities Commission.

These inspections and their frequencies represent standard industry practice and represent
adequate efforts for the protection of dam and public safety. In addition to safety inspections, an
Emergency Action Plan (EAP) is being developed in conjunction with local authorities. A draft
version of the EAP was provided by Duke Personnel and appears to be in near final condition.

25 MODIFICATIONS CONDUCTED FOR PROJECT SAFETY

The CCW retaining structures of the Project have not had major changes since the last
quintennial report performed in the year 2006. However, in response to the last 5 year
inspection, additional instrumentation has been installed at three locations of interest on the
southern embankment. This instrumentation is being monitored and the data compiled for
submittal to and the development of potential remedial recommendations by MACTEC. The
additional instrumentation and monitoring effort is discussed in more detail in Section 3.0.
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3.0 FIELD INSPECTION

3.1 FIELD INSPECTION OBSERVATIONS

The site inspection was conducted on May 27, 2009 through 28, 2009. The inspection team
consisted of representatives from Duke Energy Carolinas, the USEPA, and RIZZO. The team
stopped at each of the project features to inspect the structures and the surrounding area.
Particular attention was paid to site features that may contribute to typical failure modes of
embankment structures such as settlement, seepage, and slope stability.

The individuals participating in the inspection were:

Stephen Hoffman USEPA

Jesse Miller USEPA

H. Grady Adkins, PE R1ZZO - Independent Engineer
Conrad Ginther, EIT RI1ZZ0O

David Ray, EIT R1ZZO

Steve Townsend Duke Energy Carolinas, LLC
Jeff Dunovant Duke Energy Carolinas, LLC
Larry Evans Duke Energy Carolinas, LLC
Robert Wylie Duke Energy Carolinas, LLC
Laurence M. Cook Duke Energy Carolinas, LLC
George Tolbert Duke Energy Carolinas, LLC

3.11 Primary Pond

The Primary Pond at Dan River Steam Station consists of a composite embankment made up of
local borrow materials, generally silty sands and sandy silts with some clay, on the downstream
shell and either fill or CCW materials placed over the life of the Station. No internal drainage
was provided in the construction of this Pond. The eastern side of the Primary Pond consists of
the intermediate dike to elevation 530 feet, constructed on in place ash deposits, and fill material
constructed on top of the dike and ash deposits from elevation 530 feet to 540 feet. The Primary
Pond has a crest elevation of 540 feet, and was constructed with side slopes of 2H:1V. The
southern (river) side of the Pond was provided with a rip rap liner up to elevation 512 feet, and a
rockfill berm up to elevation 503 feet alongside the river. An intermediate bench at elevation
530 feet was constructed during the last raise of the Pond’s crest.
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Overall, the Primary Pond embankment was found to have a good grass cover and with the
exception of the southern (river) side to have smooth, even grades free of stumps, trees, brush or
other deleterious vegetation. At the southwest corner of the embankment, several decaying tree
stumps were found in the embankment toe and slope near the toe (see Photo 5 and Photo 6 in
Appendix A). These stumps could present a hazard to slope stability, as well as potential
seepage pipes as they decay. The rip rap toe berm and slope protection provided at the base of
the southern embankment was generally in good condition and free of vegetation. The crest of
the embankment and the elevation 525 bench appeared to be well graded and stable, with no
signs of settlement noted at the time of inspection. Limited to no seepage or slope disturbance
was noted along the southern embankment until approximately 1,200 feet southwest of the
intermediate dike on the southern embankment. From this location to just past the intermediate
dike, numerous small seeps (see Photo 9) were noted along the toe and up slope of the
embankment. In addition, a wide, apparently active shallow surface slide was encountered
around 800 feet west of the intermediate dike (see Photo 10 and Photo 11). This failure surface
has been noted in previous inspection reports and along with two other sections of increased
seepage noted by the previous Independent Consultant are the subjects of recently installed
additional instrumentation and study. At several locations along the Primary Pond embankment,
shallow ruts and wallows caused by mowing equipment were noted (see Photo 14).

The survey monuments set up between the river bank and the embankment were noted. The
monuments have been staked for easy identification and consist of steel pins driven into the
ground. The monitoring system recommended by the previous consultant appears to have been
installed as requested.

The primary discharge structure was inspected and appeared to be in good condition and well
maintained. According to site personnel, the concrete stoplogs are manually operated as
necessary during active ash sluicing activities.

The intermediate dike dividing the Primary and Secondary Ponds appeared to be well maintained

and in good condition, with a crushed gravel road across its crest and recently mowed slopes on
the Primary Pond side (see Photo 12).
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3.1.2 Secondary Pond

The Secondary Pond at Dan River Steam Station is generally made up of local borrow materials,
typically silty sands and sandy silts with some clay. At the time of construction of the
intermediate dike, ash in what was to become the Secondary Pond was removed and landfilled,
however the Pond has not been dredged since completion of the intermediate dike separated the
original pond. No internal drainage was provided in the construction of this Pond. The western
side of the Primary Pond consists of the intermediate dike to elevation 530 feet, constructed on in
place ash deposits. The Secondary Pond has a crest elevation of 530 feet, and was constructed
with side slopes of 2H:1V. The southern (river) side of the Pond was provided with a rip rap
liner up to elevation 512 feet.

Overall, the Secondary Pond embankment was found too to have a good grass cover and with
smooth, even grades free of stumps, trees, brush or other deleterious vegetation. Limited
seepage areas were noted on the southern/southwestern half of the river embankment near the
intermediate dike, but were not as continuous as encountered in the Primary Pond. Animal
burrows were noted at the time of inspection in the upstream bank of the embankment.

According to site personnel, an animal control contractor had recently treated the site. It was not
determined whether the burrow was still inhabited, but onsite personnel stated that they would
contact the contractor again.

The Secondary discharge structure was inspected and appeared to be in good condition and well
maintained. According to site personnel, the concrete stoplogs are manually operated as
necessary during active ash sluicing activities. At the time of inspection , the outfall to the Dan
River was flowing clear and the outfall structure and access stairs appear to be well maintained
and in good working order. A weir device attached to the outfall pipe was in disrepair, so no
flow measurements were able to be taken.

3.2 STATUS OF RESPONSES TO RECOMMENDATIONS IN LAST FIVE YEAR INSPECTION

The following Recommendations were made in Sixth Independent Consultant Inspection
Report — Dan River Steam Station (2007), MACTEC Project 6234-06-3908.
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3.2.1 Monthly Instrumentation Monitoring

RECOMMENDATION:
Monthly monitoring of basin level and piezometer/observation wells should be continued.

STATUS:
Monthly instrumentation monitoring and visual inspection of the structures has been continued.

3.2.2 Visual Monitoring of Wet Area Above access Road (North Embankment)

RECOMMENDATION:

The former wet area in the slope above the access road should be visually monitored. The
railroad subgrade repair undertaken in May 2001 appeared to have dried up this area, but it has
now apparently returned.

STATUS:
Visual monitoring of this area is part of the current monthly inspections.

3.2.3 Vegetation Clearing in Surface Drainage Feature Under Sluice Pipes

Recommendation:

The vegetation in the valley under the sluice pipes, created by the primary basin dike and the
adjacent plant roadway, should continue to be kept cleared enough to allow observation of the
ground surface in this area so that water flowing into the valley can be observed for turbidity
and removal of materials.

Status:

At the time of inspection, flow through the drainage feature crossing under the sluice lines was
able to be observed at the outlet (a corrugated metal pipe), however; the “valley” area
immediately upstream of the outlet pipe was overgrown and swampy. Upstream of the deep area
at the outlet pipe, the collection ditch is a well maintained mowed grass swale.
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3.24 Drainage Pipe Outflow Monitoring

Recommendation:

The outflow of the drainage pipes extending under the primary ash basins to the river should be
monitored for turbidity in the discharge, which would be indicative of soil entrance into the pipes
through leaks under the basin. The appearance of turbidity would make it advisable to perform
a TV camera inspection of the pipe to determine if the leak or leaks area a threat.

Status:

Visual monitoring of the outflow from the drainage pipes that go under the Primary Basin is
performed on a monthly basis. The outflow from these drainage pipes was clear at the time of
the field inspection.

3.25 Slope Movement

Recommendation:

The slump in the slope below the elevation 525 feet berm on the southern embankment of the
primary ash basin facing the river has shown continued movement, along with seepage on the
slope. This fresh movement and appearance of the seepage in this slump and elsewhere along
this slope are cause for an engineering investigation, including a soil test boring made on the
elevation 525 feet berm for SPT and UD soil samples for laboratory testing and fitted with
piezometers and/or an observation well. Also, we specifically recommend two additional
borings with undisturbed samples for lab testing and installation of observation wells be
performed on the 525 feet berm at seepage areas located about 80 feet south and 240 feet south
of Piezometer No. 2.

Status:

At the time of inspection, the recommended instrumentation (OW4, OW5, OW6, and P12) had
been installed and was being monitored. According to Duke Staff, data collected will be sent to
MACTEC for review and recommendations when a sufficient body of information has been
collected to depict piezometric trends in the embankment sections in question.

R1ZZ0O was provided with two reports submitted by MACTEC concerning the additional drilling
and observation well installation performed as a result of the Consultant’s recommendations.
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Most notably, the report of the test borings and well installations indicates that seepage appeared
to have been moving up the face up the embankment, as it was encountered higher than the
levels noted during the last consultant’s inspection.

3.2.6 Vegetation Removal and Control In Rip Rapped Slopes

Recommendation:

In the 2001 Report, it was recommended that the vegetation (small trees, vines, briars, etc.)
growing in the rip rap on the slope of the embankments for the primary and secondary ash
basins facing the Dan River should be cleared before late February, 2002. In 2006, this
vegetation had been mostly controlled and both the rip rap (elevation 512 feet) and rockfill berm
(elevation 503 feet) were visible for inspection. However, trees are growing in the rip rap north
of the secondary stairs down to the Dan River and need similar removal. Vegetation in the rip
rap should be controlled at least bi-annually using an appropriate herbicide. The grass cover on
the slope above the rip rap should be continued to be maintained with mowing at least twice
yearly all the way down the slope to the top of the rip rap.

Status:

At the time of inspection, it appeared that vegetation in rip rapped slopes was being properly
controlled and that the grassed slopes were generally well covered with grass that had been
relatively recently cut. Some rutting of the embankment slopes was noted, presumably caused
by mowing activities. Continued vigilance on the part of Duke Energy will be required to
maintain suitable conditions.

3.2.7 Seepage Along the Toe of the Southern Dike of the Secondary Pond

Recommendation:

The seepage along the toe of the southern dike for the secondary ash basin should be kept under
observation during the yearly inspections for signs of increase in volume of erosion and
slumping as the investigation in Recommendation Number five is completed and beyond.

Status:
Monitoring of the seepage through and surfaces of the southern embankment for the Primary and
Secondary Ponds is performed monthly and as a part of the annual inspection. Pending the
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results of the recommendations from MACTEC, it should be continued until remediated.
Monitoring of this seepage should be maintained as long as seepage is occurring.

3.2.8 Installation of River Bank Monuments

Recommendation:

As was noted in 2001, the steep river bank of the Dan River parallel to the toe of the eastern end
of the primary ash basin dike and along the entire secondary basin dike appears to be unstable
and possibly migrating toward the toe of the dikes. It does not appear that the condition in 2006
is much different than in 2001. This indicates that the process is slow enough that its progress
will likely not be detected in time to take remedial action unless a monitoring program is put in-
place. Such a program would include, as a minimum, placing reference monuments beginning at
the toe and at five feet spacing out to the river bank in a line perpendicular to the dike crest.
During the annual inspections, the position of the top of the riverbank would be carefully
documented by reference to these monuments. Such lines of monuments should be installed in at
least two locations in the eastern part of the primary basin dike and at least three locations
along the secondary basin dike.

Status:

During the site inspection, R1ZZO personnel observed one of the lines of survey monuments
installed at the recommendation of the independent consultant. Due to overgrowth along the
riverbank, other monument strings were obscured, however; based on provided drawings it
appears that the monument system was installed per the Consultant’s recommendations.

3.2.9 Nuisance Animal Activity

Recommendation:

Recent ground hog activity was noted at several locations above the rip rap on the downstream
slope of the Secondary Ash Basin dike, along the Dan River. Burrowing animals such as
groundhogs should continue to be controlled to the maximum extent practical. Maintenance of
the present good grass cover with mowing two to three times per year, as is presently being
done, will help to discourage burrowing activity by denying the animals protective cover.
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Status:

At the time of the field inspection, two animal burrows were observed on the upstream
embankment of the Secondary Pond. According to project staff, an animal control contractor
had recently visited the site. Site staff stated that they would treat the new burrows with another
visit by the trapper. Grass slopes appeared sufficiently maintained to discourage animal activity
on the downstream faces of the embankments.
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40 RECOMMENDATIONS

A total of five recommendations were generated during the preparation of this Inspection Report.
All of the recommendations are considered dam safety items. Each recommendation is presented
below along with a proposed schedule to address the recommendation.

4.1 RECOMMENDATION NoO. 1

It is recommended that the stability study planned to be performed using the new instrumentation
recommended in the last quintennial report and recently installed be performed as soon as
enough data has been collected to provide an adequate baseline. In addition to re-evaluation of
the embankment with the new data and in light of the apparent trend of seepage to move up the
downstream face of the southern embankments, an incremental analysis should be performed to
determine at what piezometric levels actions are required to remediate the structure. The
embankments comprising the Primary and Secondary Ponds are susceptible to seepage based
failure modes as they are constructed chiefly of silty materials and ash, have relatively steep
design slopes, and were constructed without the benefit of internal drainage systems. It is
possible that the surface slides noted in the inspection are related to localized pore pressure
increases caused by the rising piezometric surfaces in the structures. As such, surface slides are
likely to continue and potentially deepen if untreated.

Schedule: ASAP after a baseline trend has been established for the new instrumentation.

4.2 RECOMMENDATION NO. 2

It is recommended that in conjunction with continued monitoring of the riverbank movement

monuments, a global stability study be performed to determine at what level of lateral movement
of the riverbank that dam safety is compromised. Based on this analysis, action levels tied to the
annual survey measurements should be established for remediation/stabilization of the riverbank.

Schedule: This analysis should be performed in conjunction with the next annual surveying of
the monuments.
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4.3 RECOMMENDATION NO. 3

It is recommended that efforts to control nuisance animal activity continue, including regular
mowing of the embankments and removal of the animals. In addition, care should be taken when
backfilling burrows, as improper or incomplete filling can provide a ready-made conduit for
piping type failure modes. Useful resources for dealing with nuisance animals in embankments
are available at www.damsafety.org and are listed below:

e Plant and Animal Impacts on Earthen Dams (FEMA 540);
e Dam Owners Guide to Animal Impacts on Earthen Dams (FEMA L-264); and

e Technical Manual for Dam Owners: Impact of Animals on Earthen Dams (FEMA
473).

Schedule: The current animal control practices should be continued, with additional care taken
when backfilling per the referenced resources.

4.4 RECOMMENDATION NoO. 4

Several decaying stumps were noted in the area of the southwestern corner of the Primary Pond.
These stumps should be removed as completely as possible without affecting embankment
stability and the holes backfilled with compacted material that is compatible with the existing
embankment. Useful resources for dealing with nuisance plants in embankments are available at
www.damsafety.org and are listed below:

¢ Plant and Animal Impacts on Earthen Dams (FEMA 540);
e Dam Owners Guide to Plant Impacts on Earthen Dams (FEMA L-263); and

e Technical Manual for Dam Owners: Impact of Plants on Earthen Dams (FEMA
534)

Schedule: Stump removal and backfill should be performed within the next two years.

45 RECOMMENDATION NO. 5

The current inspection frequencies and site maintenance appear to be suitable for the structures
inspected. Continued vigilance and adherence to current schedules is recommended. In addition
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the recommendations provided in the Sixth Independent Consultant Report (repeated in Section
3.2) should be completed per the recommendations of the Consultant.

Schedule: Per the recommendations of the Sixth Independent Consultant Report.
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APPENDIX A

DAN RIVER STEAM STATION PHOTO LOG



PHOTO 1: LOW HEAD DAM IN DAN RIVER (LOOKING SW)

PHOTO 2: SURFACE DRAINAGE OUTFALL BETWEEN PLANT AND POND
(LOOKING N)



PHOTO 3: SOUTHWEST CORNER OF PRIMARY POND WITH SLUICE
LINES (LOOKING NE)

PHOTO 4: SLUICE LINE DISCHARGE AREA AT SW CORNER OF PRIMARY
POND (LOOKING NE)



PHOTO 5: STUMPS IN PRIMARY POND SOUTHERN EMBANKMENT SLOPE
(LOOKING NE)
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PHOTO 6: STUMPS IN PRIMARY POND SOUTHERN EMBANKMENT SLOPE
(LOOKING NW)



PHOTO 7: SOUTHERN EMBANKMENT SECTION OF PRIMARY POND
(LOOKING NE)
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PHOTO 8: SURVEY MONUMENT SECTION PERPENDICULAR TO DAN
RIVER (LOOKING S)



PHOTO 9: SEEPAGE AND SATURATED AREA AT TOE OF PRIMARY POND
SOUTHERN EMBANKMENT

PHOTO 10: SURFICIAL SLOUGH OF PRIMARY POND SOUTHERN
EMBANKMENT (LOOKING N)



PHOTO 11: SCARP OF SURFICIAL SLOUGH OF PRIMARY POND
SOUTHERN EMBANKMENT (LOOKING NW)
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PHOTO 12: INTERMEDIATE DIKE CREST (LOOKING NW)



PHOTO 13: VIEW ACROSS PRIMARY POND FROM PRIMARY DISCHARGE
TOWER (LOOKING SW)

PHOTO 14: RUTTING NEAR CREST OF SOUTHERN EMBANKMENT OF
PRIMARY POND (LOOKING NE)



PHOTO 15: SOUTHERN EMBANKMENT OF SECONDARY POND (LOOKING
NE)

PHOTO 16: WET AREA AT TOE OF SOUTHERN EMBANKMENT OF
SECONDARY POND (LOOKING SE)
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APPENDIX B
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PREVIOUS INDEPENDENT CONSULTANTS REPORT





















































































































































































































APPENDIX D

CCW INSPECTION CHECKLISTS



















































US Environmental

Coal Combustion Dam Inspection Checklist Form Protection Agency
Site Name: Dan River Steam Station Date: 27 - 28 May 2009
Unit Name:  Dry Storage Basin, Dredge Pond Dike Operator's Name: Duke Enerqy Carolinas, LLC
Unit 1.D.: Hazard Potential Classification: High Significant Low

Inspector's Name: Grady Adkins, Conrad Ginther, David Ray

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

Yes No Yes No
1. Frequency of Company's Dam Inspections? 18. Sloughing or bulging on slopes? v
2. Pool elevation (operator records)? N/A 19. Major erosion or slope deterioration? v
3. Decant inlet elevation (operator records)? 20. Decant Pipes: _I
4. Open channel spillway elevation (operator records)? Is water entering inlet, but not exiting outlet?
5. Lowest dam crest elevation (operator records)? Is water exiting outlet, but not entering inlet?
6. If instrumentation is present, are readings . .
Is water exiting outlet flowing clear?
recorded (operator records)?
7. Is the embankment currently under construction? 21. Seepag_e (specify location, if seepe.lge carries fines,
and approximate seepage rate below):
8. Foquatlon preparation (remove yege;tatlon,stumps, Erom underdrain?
topsoil in area where embankment fill will be placed)?
- > —
9. Trees growing on embankment? (If so, indicate / At isolated points on embankment slopes?
largest diameter below)
10. Cracks or scarps on crest? / At natural hillside in the embankment area?
11. Is there significant settlement along the crest? / Over widespread areas?
12. Are decant trashracks clear and in place? From downstream foundation area?
13. De_pressm_)ns or sinkholes in tailings surface or "Boils" beneath stream or ponded water?
whirlpool in the pool area?
14. Clogged spillways, groin or diversion ditches? Around the outside of the decant pipe?
15. Are spillway or ditch linings deteriorated? v’ | 22. Surface movements in valley bottom or on hillside?
16. Are outlets of decant or underdrains blocked? / 23. Water against downstream toe? /
17. Cracks or scarps on slopes? 24. Were Photos taken during the dam inspection? /

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

Inspection Issue # Comments

removal from the Primary / Secondary Ponds. Material was placed wet
into area in early 1980's and in 2000. Placements in 2002 and 2007 were
hauled by truck. The ash is capped with compacted soil, 12" thick on top
and 18" thick on slopes. This area is stabilized by vegetation and erosion
control measures, with all drainage directed to ditches on site. Since

EPA FORM -XXXX
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LIST OF DOCUMENTS RECEIVED BY RI1ZZ0O

Data Report of soil Test Borings and Well Installations - MACTEC

Results of Triaxial Shear Tests - MACTEC

Head Difference for Pond and Piezometers — Plant Record

Primary and Secondary Basin for Pool Data — Plant Record

Dan River Steam Station Monthly Piezometer Measurements — Plant Record
Charts — P2 Head Difference (3) OW Head Difference (1) — Plant Record
2009 Dan River Steam Station Monthly PZ Measurements — Plant Record
2009 Dan River Steam Station Weekly PZ Measurements — Plant Record
EFPWENT Discharge Records — April 16, 2008 Through April 15, 2009

. Draft Emergency Action Plan — April 2009

. Ash Dam Stability Study Calc #DSC-100, 11-11-86 — Two Prints Forthcoming

. Annual Inspection Report — December 20, 2007

. Annual Inspection Report — December 22, 2007

. Ash Basin Flood Study, Calc #DSC-0121 — June 29, 1987 — Prints Forthcoming

. Monthly Visual Ash Basin Dike Inspections — January 23, 2008 — June 17, 2008
. Monthly Visual Ash Basin Dike Inspections — January 14, 2009 — April 28, 2009
. Annual Inspection Report — October 7, 2008

. Sixth Independent Consultant Inspection Report - MACTEC - Via E-Mail

19.
20.

Fifth Independent Consultant Inspection Report — LAW ENG — December 18, 2001
Geosystem Slope Stability Program Input Data and X Section — October 30, 1997
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