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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion residue from the Tennessee
Valley Authority’s Kingston, Tennessee facility in December 2008, which flooded more than
300 acres of land and damaged homes and property, is a wake-up call for diligence on coal
combustion residue disposal units. A first step toward this goal is to assess the stability and
functionality of the ash impoundments and other units, then quickly take any needed corrective
measures.

This assessment of the stability and functionality of the H.B. Robinson Power Station coal
combustion residue (CCR) management unit is based on a review of available documents and on
the site assessment conducted by Dewberry personnel on February 24, 2011. We found the
supporting technical documentation to be adequate (Section 1.1.3). As detailed in Subsection
1.2.3, there are six minor recommendations based on field observations that may help to
maintain a safe and trouble-free operation.

In summary, the H.B. Robinson Power Station CCR management unit (Ash Pond) is
SATISFACTORY for continued safe and reliable operation, with no recognized existing or
potential management unit safety deficiencies.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is investigating 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 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
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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.

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 (See Appendix C).

The purpose of this report is to evaluate the condition and potential of residue release from
management units. 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 on
February 24, 2011, and review of technical documentation provided by Progress
Energy Carolinas (PEC).

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

The ash pond dike embankment and spillway outlet structure 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)

Hydrologic and hydraulic analyses provided to Dewberry indicate
adequate flood storage and spillway capacity to pass the appropriate
spillway design flood based on the 50-year design storm without
overtopping the dike. Under current ash sedimentation levels and
operating water level conditions, the ash pond appears to still have
adequate flood storage capacity to meet the requirements of the flood-
routing analysis. As the pond fills further with ash, the volume available
for flood storage will diminish, and could eventually be less than used in
the analysis, unless ash is excavated or other measures taken to restore
available flood storage.

1.1.3  Conclusions Regarding the Adequacy of Supporting Technical
Documentation

The 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
overall an accurate representation of what Dewberry observed in the field.
However, there appears to be a discrepancy concerning the size of the
overflow riser between what is shown in original plans (36-inch diameter
RCP) and what is shown in design drawings for the last dike raise in 2002

HB Robinson Steam Electric Plant 1-1
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(48-inch diameter RCP). Record drawings should be corrected or
amended, as appropriate, to eliminate confusion as to the size of the buried
portion of the riser.

1.1.5 Conclusions Regarding the Field Observations

Dewberry staff was provided access to all areas in the vicinity of the
management unit required to conduct a thorough field observation. The
visible parts of the embankment dike and outlet structure were observed to
have no signs of overstress, significant settlement, shear failure, or other
signs of instability. The dike embankment appeared structurally sound.
There are no apparent indications of unsafe conditions or conditions
needing emergency remedial action. Some minor maintenance is needed
(see Subsection 1.2.3).

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 CCR management unit. There was no evidence of significant
embankment repairs or prior releases observed during the field inspection.

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program overall is adequate. However, it would be
prudent to include periodic interior inspection of the outlet structure with a
“borehole” video camera as part of PEC’s inspection program for the ash
pond dike (see Subsection 9.3.1 for discussion). The piezometer
monitoring program is adequate. In the absence of problem or suspect
conditions, there is no need for additional performance monitoring
instrumentation at this time.

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

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

No recommendations appear warranted at this time. PEC has indicated
that the plant plans to maintain flood storage capacity of the ash pond by
continuing dry handling of the fly ash and by stacking bottom ash as
necessary.

1.2.2  Recommendations Regarding the Description of the Management Unit(s)

It is recommended that record drawings be corrected or amended, as
appropriate, to eliminate confusion as to the size of the buried portion of
the overflow riser at the Ash Pond. PEC has indicated that the existing
riser pipe size will be verified in the field and any necessary changes will
be made to the as-built drawings.

1.2.3 Recommendations Regarding the Field Observations
It is recommended that routine maintenance pay particular attention to:

a. Re-establishing good grass cover in areas of sparse grass growth
and in areas damaged by mowers;

b. Filling holes in the embankment slope just above the downstream
toe riprap with suitable filter materials to minimize continuing
erosion of embankment soil into the voids of the riprap; lining the
larger holes with filter fabric before filling them with coarse filter
stone may be beneficial;

c. Re-establishing soil cover and good grass growth where erosion of
backfill soil has exposed an ash sluice line in the slope, in order to
arrest continued erosion, which unchecked could eventually result
in the development of gullies in the embankment slope along the
sluice line(s);

d. Improving drainage from the right (south) downstream toe swale in
order to dry up the persistent wet area, which would allow ease of
mowing and facilitate inspections;

e. Controlling growth of woody vegetation in the riprap on the
upstream slope of the north portion of the dike; and
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Progress Energy Carolinas Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report



FINAL

Although the erosion at the outlet end of the outfall pipe is not serious at
this time and is relatively remotely located from the outside toe of the ash
pond dike, it would be good practice to protect the bank or otherwise
arrest erosion to prevent potential undermining and damage at the end of
the outfall pipe.

1.2.4 Recommendations Regarding the Surveillance and Monitoring Program

It is recommended that periodic interior inspection of the outlet structure
with a “borehole” video camera be included as part of PEC’s inspection
program for the ash pond dike (see Subsection 9.3.1 for discussion).

1.2.5 Recommendations Regarding Continued Safe and Reliable Operation

None of the above recommendations is currently considered urgent but
should be done within a reasonable time frame, so that some of them do
not grow into bigger issues.

1.3 PARTICIPANTS AND ACKNOWLEDGEMENT
1.3.1 List of Participants

Craig Dufficy, U.S. EPA

Ken Kirkland, Progress Energy
Stephen Cahoon, Progress Energy
Bill Forster, Progress Energy
Wellie Gilbert, Progress Energy
Fred Holt, Progress Energy
Robert Miller, Progress Energy
Fred Tucker, Dewberry

Anne Lee, Dewberry

1.3.2  Acknowledgement and Signature

We acknowledge that the management unit referenced herein has been assessed
on February 24, 2011.

Fred Tucker, P.E. Anne Lee, Civil Engineer
Registered, SC 6836
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1

LOCATION AND GENERAL DESCRIPTION

The H. B. Robinson Steam Electric Plant (H. B. Robinson) is located on West
Entrance Road, Hartsville, South Carolina 29550. Lake Robinson is just east of H.
B. Robinson in Darlington County, South Carolina. The plant site is situated next
to the lake just north of the west end of the dam that impounds Lake Robinson. See
Doc 01 in Appendix A for location of the H. B. Robinson site on an aerial map.

H. B. Robinson has one CCR management unit, Ash Pond, designed to contain fly
ash, bottom ash, boiler slag, storm water, and other chemical metal cleaning liquids.
The dike that impounds the Ash Pond is physically located just west of the cooling
water discharge canal along the west side of Lake Robinson. The ash pond dike is
approximately 3.8 miles northeast of Hartsville, South Carolina. A CSX Railroad
spur loop to the plant is located parallel to the discharge canal between the
downstream toe of the dike embankment and the discharge canal.

The ash pond dike is a cross-valley embankment along the east side of the pond.
The pond is divided into two sides (north and south) by a finger dike. The sluice
line discharges into the south portion of the pond, and the discharged slurry
circulates around the west end of the finger dike to the north portion of the pond,
where the outlet structure is located. See Doc 02 in Appendix A for Ash Pond
aerial and dike locations.

Table 2.1 shows the summary of the size and dimensions of Ash Pond dike. The
embankment ties into high ground in the north and south ends of the embankment.

Table 2.1: Summary of Dam Dimensions and Size
Ash Pond

Dam Height (ft) 31

Crest Width (ft) 15

Length (ft) 1,800

Side Slope (upstream) H:V 2:1

Side Slope (downstream) H:V 2:1
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2.2 COAL COMBUSTION RESIDUE HANDLING

2.2.1 Fly Ash

At present, 100 percent of fly ash produced at H. B. Robinson is sold to
manufacturers. The fly ash system (a closed system) collects drop out ash particles
from flue gas and is conveyed from the economizer, air heater hoppers, and
precipitator ash hoppers to an ash silo. In this method of handling the fly ash is
removed from the hoppers by vacuum through diverter valves to collector tanks.
From the collector tanks the fly ash is conveyed to a remote storage silo using
transfer vessels and transfer blowers. Under the silo is a truck load-out station,
where the fly ash is loaded onto trucks and transported to final disposition
(primarily to market). When appropriate, the dry fly ash is conditioned with water
for better handling. See Image 2.1 for fly ash collection system flow path.

Image 2.1: Fly Ash Collection System Flow Path

Ash
Hoppers
A\ 4
Dry Ash Transfer Silo Final
Collector gz Vessels 2P| (Intermediate > Di ma‘lt‘
Tank (Conveyance) Storage) 1spostiion
Vacuum Transfer
Blowers Blowers
(Conveyance) (Conveyance)

2.2.2 Bottom Ash

Bottom ash is collected and sluiced to the Ash Pond via a closed system
process. Ash collected in the bottom ash hopper is removed with the
assistance of water jets, creating an ash slurry. A jetpulsion pump is used
to draw the slurry from the hopper through a clinker grinder into a sluice
line, and discharges to the Ash Pond. See Image 2.2 for bottom ash
collection flow path and Section 8.1 for more detailed description of the
bottom ash handling operation.
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Image 2.2: Bottom Ash Collection System Flow Path

Ash Clinker Ash Pond
Hopper 2> Grinder 2>
Water Jets Sluice Line
(Conveyance) (Conveyance)

2.2.3 Boiler Slag

Boiler slag conveyance follows the bottom ash flow path, from the boiler
and is sluiced to the Ash Pond.

2.2.4  Flue Gas Desulfurization Sludge
H. B. Robinson does not have flue gas desulfurization equipment.
2.3 SIZE AND HAZARD CLASSIFICATION

The H. B. Robinson ash pond dike is under the jurisdiction of the South Carolina
Department of Health and Environmental Control (SCDHEC) but has not been
recently assessed for dam safety by this state agency or by a federal agency and
currently does not have federal or state hazard potential classifications. However,
Progress Energy Carolina’s (PEC’s) engineer, MACTEC, has made size and hazard
potential classifications for the ash pond dike in accordance with U.S. Army Corps
of Engineers (USACE) guidelines, as indicated in their draft 2010 5-Year
Inspection Report, included as Doc 03 in Appendix A. The report indicates Small
Size classification and Low Hazard Potential classification. The USACE criteria
for size classification and hazard potential classification are shown in Table 2.2a
and Table 2.2b, respectively. See Table 2.1 and Table 2.3 for embankment height
and pond storage capacity, respectively.
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Table 2.2a: USACE ER 1110-2-106

Size Classification*

Impoundment
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
* Size classification may be determined by either storage or height of structure, whichever gives the
higher category.
Table 2.2b: USACE ER 1110-2-106
Hazard Potential Classification
Category | Loss of Life Economic Loss
(Extent of Development) | (Extent of Development)
Low None Expected (No Minimal (Undeveloped to

permanent structures for
human habitation)

occasional structures or agriculture)

Significant

Few (No urban
development and no more
than a small number of
habitable structures)

Appreciable (Notable agriculture,
industry, or structures)

High

More than a few

Excessive (extensive community,
industry, or agriculture)

For reference, the hazard potential classification system used by the EPA is shown
in Table 2.2c. As discussed in more detail in Subsection 6.1.4, failure of the dike
embankment would release a relatively small volume of water and likely result in
erosion of CCR onto the railroad spur siding and erosion of some of the CCR into
the nearby cooling water discharge canal. The failure would not likely cause loss of
life but would cause some onsite environmental damage and possible disruption of
plant operations. Thus, according to the hazard potential classification used by
EPA, the ash pond dike would still be classified Low Hazard Potential, in
Dewberry’s opinion.
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Table 2.2¢c: Dam Hazard Potential Classification

Used by EPA
Category Hazard Potential Description
High Hazard Dams where failure or misoperation will probably cause loss
Potential of human life.
Significant Dams where failure or misoperation results in no probable
Hazard loss of human life but can cause economic loss,
Potential environmental damage, disruption of lifeline facilities, or

can impact other concerns. Significant hazard potential
classification dams are often located in predominantly rural
or agricultural areas but could be located in areas with
population and significant infrastructure.

Low Hazard Dams where failure or misoperation results in no probable

Potential loss of human life and low economic and/or environmental
losses. Losses are principally limited to the owner’s
property.

Less Than Low | Dams where failure or misoperation results in no probable

Hazard loss of human life or economic or environmental losses.

Potential

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

The amount of CCRs currently stored in the unit and maximum capacity are
summarized in Table 2.3. The Ash Pond has received fly ash, bottom ash, boiler
slag, ash sluice water, stormwater, and metal cleaning chemicals. The pond is
currently active and receives predominantly bottom ash. Approximately 20 acres of
the total area of the pond has been used for dry stacking of ash in the western
portion of the pond and is not part of the active area of the pond that receives
sluiced ash. The active area of the pond at maximum operating water level is 55
acres. CCR is sluiced into the southern portion of the Ash Pond, and water flows to
the northern portion.
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Table 2.3: Amount of Residuals and Maximum Capacity of Unit
Ash Pond
Surface Area (acre) 75 (incl. 20-acre dry-stack area)
Current Storage Volume (cubic yards)1 627,587
Current Storage Volume (acre-feet)' 389
Total Storage Capacity (cubic yards)2 1,016,400
Total Storage Capacity (acre-feet)’ 630
Crest Elevation (feet) 272.0
Maximum Operating Water Level (feet) | 269.5

'Based on data in PEC response to EPA’s RFI dated March 17, 2009
?Based on data in Design Report prepared by Law Engineering and Environmental
Services, Inc. dated October 10, 2001

2.5 PRINCIPAL PROJECT STRUCTURES
2.5.1 Earth Embankment

The Ash Pond embankment, located on the east side of the pond, ties into
high ground on the north and south end of the embankment. The
embankment has 2 horizontal (H) to 1 vertical (V) side slopes and 15-foot
wide crest. As subsequently described, the dike embankment has been
raised twice since original construction. The original and first raise
embankment fills consist of predominantly dense fine to medium sands
with interlayered seams of clayey silt and silty fine sand, although some
looser soils were encountered at shallow depth beneath the outside slope
of the embankment prior to the last dike raise in 2002. A section of the
dike prior to the 2002 dike raise is included in Exhibit 01, illustrating the
findings of borings made at the section. The last dike raise utilized fill
materials from a sandy borrow area located on the south edge of the pond.
A representative section of the embankment is shown in the MACTEC
2010 5-Year Inspection Report (see Exhibit 9 of Doc 03 in Appendix A).
The design included a blanket drain between the pre-existing embankment
outside slope and the new fill placed for the last embankment raise. A
rock toe was constructed over the end of the drainage blanket at the base
of the new outside slope. In addition, the soils in the outer part of the new
slope were reinforced with geogrids as a precaution against shallow
slumps occurring in the sandy embankment soils under the 2 Hto 1 V

slope.
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2.5.2 Outlet Structure

CCR water passes through an overflow structure located in the north part
of the pond. The visible part of the overflow structure consists of a 48-
inch diameter reinforced concrete pipe (RCP) drop inlet with a metal
skimmer. Discharge from the overflow structure flows into a 36-inch
diameter RCP to a manhole located on the downstream slope. A 36-inch
high density polyethylene (HDPE) pipe discharges from the manhole to a
catch basin at the downstream toe. The catch basin serves as a junction
box for the discharge from the Ash Pond and from a 24-inch diameter
ADS storm sewer from the north buried along the toe of the dike. From
the junction box the combined stormwater sewer and Ash Pond discharges
flow through a 36-inch diameter HDPE pipe about 120 feet to the outfall
location at a channel that leads to the cooling water discharge canal along
the west side of Lake Robinson. The outlet works prior to the last dike
raise in 2002 are illustrated in Exhibit 02.

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

A regional map showing the H. B. Robinson Ash Pond in relationship to “critical”
infrastructure within a 5-mile radius was provided by Progress Energy. “Critical”

infrastructure includes facilities such as schools and hospitals. There are 3 schools
and no hospitals located within a 5-mile downstream gradient. These facilities are
noted on the 5-mile radius map included in Doc 01 in Appendix A. In general, the
land use downstream from this particular site is Lake Robinson.

Flood from postulated failure of the ash pond dike would primarily impact Lake
Robinson, which, due to its large size in relationship to the Ash Pond, appears
capable of absorbing with little consequence the relatively small volume of flood
water that could be released from the Ash Pond.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

3.1

3.2

33

SUMMARY OF REPORTS ON THE SAFETY OF THE MANAGEMENT UNIT

Furnished reports of bi-monthly inspections, conducted by Progress Energy
personnel for the period of January 2010 through January 2011 indicate no major
structural or operational problems (see Doc 04 in Appendix A). No significant
deterioration was indicated in the documentation reviewed. Five-year inspection
reports, for 1985, 1990, and 2010, indicate no major structural or operational
problems (e.g., see Doc 03 and Doc 06 in Appendix A for 2010 and 1985 5-year
inspection reports, respectively). No significant deterioration associated with the
ash pond dike was indicated in the documentation reviewed.

A furnished Design Report, prepared by Law Engineering and Environmental
Services, Inc. (Law) for the 2002 ash pond dike raise includes stability analyses of
the embankment (see Doc 05 in Appendix A and see Section 7.1 for discussion).

SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

Discharge from the impoundment is regulated by the SCDHEC and the
impoundment has been issued a National Pollutant Discharge Elimination System
Permit. Permit No. SC0002925 was issued March 8, 2007.

SUMMARY OF SPILL/RELEASE INCIDENTS

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or
other performance related problems with the dike over the last 10 years. The
MACTEC 2010 5-Year Inspection Report (Doc 03 in Appendix A) indicates
seepage from the joints of the overflow structure was observed. The joints of the
48-inch RCP overflow structure were sealed in 2002, and grouting was performed
around the outfall pipe.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY

4.1.1

Original Construction

No records of original construction are available. Therefore little is
known of the original construction other than the approximate year the
pond was commissioned - 1960.

The dike was constructed across a natural valley area. A finger dike was
constructed to lengthen the retention time. According to the cross-section
detail shown on Exhibit 6 of Doc 03 in Appendix A, the original crest of
the dike was at elevation 259 feet. Top of the overflow riser structure
prior to the 1982 dike modification was at 254.0 feet. Approximate height
of the dike was 13 feet.

Significant Changes/Modifications in Design since Original Construction

The dike embankment was raised two times, in 1982 and 2002. The dikes
were raised by constructing upward and outward in the downstream
direction, so the new embankments of the impounding dike were not
founded on ash.

In 1982, the dike was raised 7 feet to provide an additional 10 years of
storage capacity. The crest elevation was raised to 266.0 feet (see Exhibit
6 of Doc 03 in Appendix A). The design and construction of the raised
embankment was by Carolina Power & Light Company. The overflow
structure is shown on the original plans to be a 36-inch diameter RCP riser
with a top elevation of 264.0 feet, up from the original 254.0 feet. (This
36-inch riser is a discrepancy with the 48-inch riser indicated in the design
of 2002 dike raise. PEC has indicated that the riser pipe size will be
verified in the field, and any necessary changes will be made to the as-
built drawings.) A previously existing 24-inch diameter catch basin riser
extending down to the outlet pipe was abandoned in place and a new 24-
inch catch basin riser was constructed further downstream along the outlet
structure. The outlet pipe is shown on the original plans to be a 36 inch
diameter RCP extending to the discharge canal.

In 2002, the dike was raised 6 feet to again increase storage capacity
within in the pond. The dike raise was designed by MACTEC. The sandy
borrow soils used in the dike raise were compacted in lifts to 95 percent of
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the standard Proctor maximum dry density (ASTM D 698) or greater. The
dike raise construction was monitored by MACTEC. The crest elevation
was raised to 272.0 feet (see Exhibit 9 of Doc 03 in Appendix A). The
overflow structure is shown to be a 48-inch diameter RCP riser raised with
precast concrete pipe sections to a top elevation of 269.5 feet (see Exhibits
10 and 11 of Doc 03 in Appendix A). The previously existing metal
skimmer was reused. The 36-inch diameter outlet extending from the riser
to the outfall channel is as described in Subsection 2.5.2.

4.1.3 Significant Repairs/Rehabilitation since Original Construction

There have been no significant repairs/rehabilitation made to the ash pond
dike or the overflow structure since the original construction.

As previously noted, a minor repair in 2002 was made to seal leaking
joints in the 48-inch RCP overflow structure and to grout around the
outfall pipe. At the same time repairs were made to correct a separated
joint in the storm drain pipe buried along the toe of the dike, which had
caused a sinkhole to develop due to loss of soil through the separated joint.
Another minor repair included placement of rock check-dams across the
right (south) abutment drainage ditch and elsewhere to control erosion
caused by high-velocity flow of concentrated storm runoff.

4.2 SUMMARY OF OPERATIONAL PROCEDURES
4.2.1 Original Operational Procedures

Furnished documents do not include the original operational procedures.

It is presumed that the pond was originally operated as a wet pond wherein
CCR wastes were transported and disposed by sluicing with water into the
pond, where the suspended particles were allowed to settle out and the
water detained temporarily in the pond for neutralization and equalization
prior to discharge through the gravity-flow overflow structure.

4.2.2  Significant Changes in Operational Procedures and Original Startup

Fly ash is now pneumatically transported to silos for temporary storage
until sold. A sprinkler system was installed in the south portion of the Ash
Pond to control dusting of ash from the pond.
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4.2.3 Current Operational Procedures

The Ash Pond receives sluiced bottom ash, boiler slag, ash sluice water,
stormwater, and metal cleaning chemicals. Currently, nearly all of the fly
ash is sold. Fly ash is discharged to the pond only during brief periods of
time when the dry ash handling system has an outage for maintenance.
Bottom ash is the primary substance discharged into the pond. More
detailed discussion of current operating procedures is included in
Subsection 8.1.

4.2.4 Other Notable Events since Original Startup

Based on furnished information, there are no other notable events since
original startup of the Ash Pond to report at this time.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Fred Tucker, P.E. and Anne Lee performed a site visit on
Thursday, February 24, 2011 in company with the participants listed in
Section 1.3.1.

The site visit began mid-morning. The weather conditions during the visit were 71
degrees Fahrenheit, sunny, and dry. Photographs were taken of conditions
observed. Please refer to the Dam Assessment 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 dam was that it was in satisfactory condition and no
significant findings were noted.

5.2 EARTH EMBANKMENT
5.2.1 Crest

The crest of the ash pond dike is accessible with automobiles. The fine
aggregate-surfaced crest of the embankment was observed to be in good
condition. See Photograph 5.1 for typical view of the crest. It was
observed that the water supply line for the dust-control sprinkler system is
laid out along the upstream edge of the crest. The sprinklers in the south
part of the pond were in operation at the time of the site visit. Protective
covers over replacement piezometers that were installed along the
approximate centerline of the embankment during the dike raise
construction in 2002 were noted on the crest. The crest elevation at the
sluice line was observed to be greater than the design crest elevation due
to a protective soil cover over the sluice line that allows vehicles on the
crest to traverse over the line. Minor erosion was noted along the
upstream edge of crest on the south side embankment that wraps around to
the west, as shown in Photograph 5.2. Riprap has been placed for
preventative maintenance. No major depressions, sags, tension cracks, or
other signs of significant settlement or mass soil movement were observed
in the dike crest.

Saddle dikes, located on the north and south sides of the Ash Pond, near
towers that support the Darlington County Plant transmission lines were
observed during the site visit. The dikes were constructed to keep water

HB Robinson Steam Electric Plant 5-1
Progress Energy Carolinas Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report



FINAL

within the pond from inundating the steel transmission tower legs. No
indications of seepage or erosion were observed at these very low dikes.

Photograph 5.1. Typical view of crest, looking south.

Photograph 5.2. Minor erosion at the upstream edge of crest at south
side of embankment, looking west.
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5.2.2 Upstream/Inside Slope

The upstream slope of the north portion of the dike embankment (north of
the finger dike) was observed to be lined with riprap with a minor amount
of dormant vegetation, including woody vegetation, growing in it, as
shown in Photograph 5.3a. The upstream slope of the embankment south
of the finger dike was observed to have a dormant cover of grass and
weeds (see Photograph 5.2). A small-diameter metal pipe from the
Darlington County Plant on the north side of the pond conveys discharge
from an oil-water separator through the north side dike embankment
extension and into the pond, as shown in Photograph 5.3b. Former
erosion at the discharge location had been repaired with the riprap shown
in the photograph. The upstream toe and much of the upstream slope is
buried with ash, particularly along the south portion of the dike, as shown
in Photograph 5.3c; this photograph also shows where the ash is sluiced
into the pond and the dust-control sprinkler system in operation in the
background. Only a small amount of water was observed in the pond,
mostly at the north end next to the dike (see Photograph 5.3a). No slumps,
slides, or other signs of shear failure were observed in the visible parts of
the slope above the ash and water levels. No significant erosion was
noted.

Photograph 5.3a. Upstream slope of north portion of dike, looking

south.
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Photograph 5.3b. Discharge pipe from oil-water separator through
north end of Ash Pond embankment.

Photograph 5.3c. View of ash-sluice discharge line and ash-filled
south portion of pond, looking south. (Note operation of sprinklers
for dust control in south portion of pond).

5.2.3 Downstream/Outside Slope and Toe

The downstream slope was observed to have a cover of dormant grass and
weeds, and the downstream toe was observed to be lined with riprap. The
grass on the downstream slope typically was observed to be well
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maintained, as shown in Photographs 5.4a, 5.4b, and 5.4c. Minor erosion
from mowing equipment was observed on the slope. A portion of the
buried sluice line along the downstream slope face was observed to be
exposed due to erosion, and minor erosion was observed elsewhere along
the soil-covered sluice line, as shown in Photograph 5.5. Progress Energy
personnel indicated that the soil cover over the sluice line was not
compacted. Local embankment soil material loss due to erosion into the
riprap and minor depressions were observed at a number of locations on
the downstream slope above the riprap; one of the worst of these is shown
in Photograph 5.6a. It was noted that in a number of locations soil had
eroded (or moved by creep) onto the surface of the riprap. Some areas of
sparse grass growth on the outside slope were also observed (see
Photograph 5.4a), but no major areas of erosion were noted. No slumps,
slides, bulges, tension cracks, or other obvious signs of shear failure were
observed on the downstream slope. No seepage or active animal holes
were observed. Wet soils were observed in the shallow swale along the
right (south) toe of the dike, but no seepage or flowing water appeared to
be associated with this wet area, as shown in Photograph 5.6b. It appeared
to be due to poor drainage. The catch basin at the low point of the toe (see
Photograph 5.8) was observed to be surrounded with stone and a fine filter
that apparently tends to easily clog with vegetation and grass clippings,
which retards flow from the toe swale into the catch basin.

Photograph 5.4a. Downstream slope and toe of north portion of dike,

looking south.
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Photograph 5.4b. Downstream slope and toe of north portion of dike,
looking north.

Photograph 5.4c. Downstream slope and toe of south portion of dike,
and south abutment, looking south.
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Photograph 5.5. Minor erosion observed along buried sluice line on
the downstream slope, looking east.

Photograph 5.6a. Hole due to soil material loss into riprap voids,
observed on downstream slope above riprap at toe.
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Photograph 5.6b. Wet soils in shallow swale along right (south) toe of
dike embankment, looking north.

5.2.4 Abutments and Groin Areas

No erosion or displacements were observed where the finger dike
intersects the embankment. No erosion, displacements, or noticeable
seepage was observed where the embankment ties into high ground at the
north and south ends. Previous erosion of the lower part of the right
(south) abutment ditch located beyond the outside toe of the dike was
observed. However, it was noted that rock check dams had been placed at
intervals across the ditch to control the erosion. The abutment ditch with
check dams is visible in Photograph 5.4c.

5.3 OUTLET STRUCTURES
5.3.1 Overflow Structure

The Ash Pond overflow structure was observed on the northeast side of
the pond just upstream of the dike. The 48-inch diameter RCP overflow
structure with a metal skimmer was observed to be in good condition. The
skimmer had rust on its surface, but it appeared sound. No water was
flowing into the structure and was not even impounded around the
structure at the time of the visit, as shown in Photograph 5.7.
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Photograph 5.7. Ash Pond overflow structure, looking west.
Outlet Conduit

The overflow structure has bottom discharge into a 36-inch diameter RCP
conduit to a manhole located on the downstream slope. The manhole is
surrounded on three sides by a retaining wall, shown in Photograph 5.8,
which was made necessary by the 2002 dike raise. The retaining wall
appeared to be in good, sound condition. A 36-inch diameter HDPE
conduit continues from the manhole to a covered catch basin at the
downstream toe of the dike, as shown at the bottom of Photograph 5.8. A
24-inch diameter ADS storm drain pipe also discharges into the catch
basin from the north side. None of the underground conduits and pipes
could be viewed. The catch basin was observed to be in good condition,
and the inside of the catch basin appeared to be dry, based on limited
views through the open sides. A 36-inch diameter HDPE conduit
continues from the catch basin 120 feet, passing under the railroad spur
tracks and the toe access road, to the outfall channel. The end of the
HDPE outfall pipe is shown in Photograph 5.9. The limited part of the
HDPE pipe that could be observed at the outfall end appeared to be in
good condition. A small amount of clear water was observed flowing
from the end of the pipe. The source of this water is unknown, since no
water was flowing into the overflow riser and the catch basin appeared to
be dry. The invert of the black HDPE pipe was rust colored, apparently
due to the presence of iron bacteria. The soil bank at the outfall was
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observed to be very steep, and the small riprap that had been placed
around the end of the outfall had eroded off its geotextile bedding.

Photograph 5.8. Showing manhole access to outlet conduit on the
slope, and covered catch basin at the downstream toe of the
embankment of the ash pond dike, looking west.

Photograph 5.9. HDPE outlet into outfall channel downstream of
junction box, looking west. (Note steep bank and eroded small riprap
around end of pipe,)
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5.3.3 Emergency Spillway
The Ash Pond does not have an emergency spillway.
5.3.4 Low Level Outlet

The overflow structure does not have a low level outlet, other than the
bottom discharge pipe, which is not valved or gated.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION

6.1.1

Flood of Record

No documentation was provided to address the maximum water surface
elevation in the ash pond. Hearsay evidence is that plant personnel have
observed the water surface in the pond to reach within about 6 to 8 inches
of the top of the riser due to rainfall, but no overflow into the riser has
been observed since the riser was raised as part of the dike raise in 2002.
Therefore, the water surface presumably has been below the overflow weir
elevation of 269.5 feet (according to design drawings) since 2002, leaving
more than 2.5 feet of freeboard.

Inflow Design Flood

Engineering studies were performed by Law Engineering and
Environmental Services, Inc. (Law) for the dike raise in 2002.
Hydrologic/hydraulic analyses performed as part of those studies are
documented in Law’s Design Report dated October 19, 2001, included as
Doc 05 in Appendix A. Law designed the dike raise and set the spillway
riser elevation to be adequate for the 50-year storm event, in accordance
with the requirements of the South Carolina Department of Health and
Environmental Control (SCDHEC) for existing dams, such as the ash
pond dike, with Small Size Classification and Low Hazard Potential
Classification. Law used an inflow design flood (IDF) based on 50-year
frequency, 24-hour duration precipitation of 7.5 inches and a peak rainfall
intensity of 2.5 inches/hour. The computed peak inflow from Law’s flood
routing through the pond was 307.5 cubic feet per second (cfs) and the
peak outflow was 53.9 cfs. Law revised the initially selected riser
elevation of 270.0 feet downward to a final elevation 269.5 feet, to assure
at least 1 foot of freeboard at peak pond water surface elevation during the
design storm, in accordance with SCDHEC requirements.

Spillway Rating

The spillway rating for the outlet structure is given by the minimum flows
derived from the outflow equations for riser weir flow, riser orifice flow,
and barrel flow shown in Law’s 2001 Design Report (p. B2-2)(see Doc 05
in Appendix A).

HB Robinson Steam Electric Plant 6-1
Progress Energy Carolinas Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report



FINAL

6.1.4 Downstream Flood Analysis

No downstream flood analysis has been provided for the ash pond. A
qualitative analysis based on field observations and review of available
data is provided below.

Failure of the ash pond dike would discharge water and coal combustion
residue onto relatively flat ground immediately beyond the dike toe and
likely over the railroad tracks and into the outlet channel located about 120
feet from the toe of the dike. Water released through a breach in the dike
would likely carry some eroded ash down the channel and into the cooling
water discharge canal along the west side of Lake Robinson, which is
owned by Progress Energy Carolinas. The failure would not likely cause
loss of life but would cause some onsite environmental damage and
possible disruption of plant operations. Because the volume of water in
the ash pond would be very small in relationship to the size of Lake
Robinson, the release of water through a breach in the ash pond dike
would likely have little impact on the Lake Robinson water level.

6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

The supporting hydrologic/hydraulic documentation is adequate for this small ash
pond dike with low hazard potential.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

The supporting documentation indicates that the ash pond has adequate hydrologic
safety. Note the ash surface in the south portion of the ash pond has built up to
within about 1 foot of the crest elevation, which reduces flood storage above the
riser top elevation, the starting elevation in Law’s flood routing calculations.
However, the ash surface in the north portion of the pond is still well below the
riser top elevation, and it appears that the normal operating water level in the pond
is actually below the riser top elevation, since there reportedly has been no flow
into the riser since the dike was raised in 2002. Thus, the ash pond still appears to
have adequate hydrologic safety under current sedimentation levels and operating
water level conditions. As the pond fills further with ash, the volume available for
flood storage will diminish, and could eventually be less than used in Law’s
analysis, unless ash is excavated or other measures taken to restore available flood
storage. If the ash is allowed to build up throughout the pond to within 1 foot of the
dam crest elevation, the pond most likely would not be able to pass the 50-year
design storm without overtopping the dike. However, the volume of water that
could potentially be released would be relatively small (less than approximately 55
acre feet) and may not cause sufficient erosive force of long enough duration to
actually breach the main body of the dike embankment.
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION

7.1.1

Stability Analyses and Load Cases Analyzed

A subsurface investigation and stability analyses were performed as part
of engineering studies for the 2002 dike raise, which are documented in
Law’s Design Report dated October 19, 2001(see Doc 05 in Appendix A).

Effective stress analyses were performed. (Both the foundation soils and
the embankment soils are composed of sandy soils.) The modified Bishop
method of analysis was used in the STABL computer program (Versions
6H & 5M) to compute slope stability factors of safety for randomly
searched circular-arc potential failure surfaces. Only the outside slope
was analyzed; the inside slope was not as critical, since the lower existing
part of the slope was buried in ash. The cases analyzed for the maximum
section with 2H to 1V slope were:

1. Static w/o Geogrid Reinf. (pond full @ EI. 269.7°)
2. Static w/ Geogrid Reinf. (pond full @ El. 269.7")
3. Earthquake w/ Horiz. Accel. =0.10g (pond full @ El. 269.7)

The design included a blanket drain between the old embankment surface
and the new compacted fill to be placed for the dike raise, in order to keep
the phreatic surface drawn down so it would not crop out on the new slope
(i.e., because a phreatic surface exiting a 2H to 1V slope constructed of
sandy soil would not be stable.) The design also included a rock toe over
the end of the blanket drain. The Case 1 analysis showed unsatisfactory
factors of safety for shallow potential failure surfaces in the sandy
embankment soil. Therefore, even though the then existing 2H to 1V
slope constructed of similar sandy soils showed no signs of shallow
slumping, geogrid reinforcement of the outer portion (approximately 5 feet
horizontally) of the slope was incorporated in the design to minimize the
chance of shallow slumping in case grass did not become quickly
established on the new slope.
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7.1.2 Design Parameters and Dam Materials

Both the foundation soils (including the old dike embankment and soils
below natural ground) and the borrow soils used in the dike raise consist
predominantly of sands, although some clayey silt and silty fine sand were
found to be interlayered in the old embankment. Typical Unified Soil
Classification is SM. Based on laboratory testing, design properties and
parameters used in the analyses were as shown in the following Table 7.1:

Table 7.1: Design Properties and Parameters of Materials used in
Analyses
Drained Strength
Saturated Parameters
Total Unit Unit Wt.

Material Wt. (pcf) (pch) C’ (psf) O’ (deg)
Foundation 120 125 & 127 0 35
Fill 123 & 126.5 131 & 132 0 35
Unreinf.

Outer Fill 122 129 0 31

See analysis sections in Doc 05 in Appendix A for source of information in this table.
Uplift and/or Phreatic Surface Assumptions

The phreatic surface in the embankment slope stability analysis section
was assumed to be drawn down from the full pond elevation to the new
drainage blanket between the old and new embankment fills and to follow
along the drainage blanket to the toe of the embankment (see pp. B1-1, 2,
& 3 of Doc 05 in Appendix A).

From visual observations in the field, the phreatic surface does not crop
out on the outside slope of the dike, although a wet area was observed in
the toe area just right (south) of the midpoint along the toe of the dike.
Based on the flat topography in the area and piezometer readings that
show the groundwater well below the ground surface, the wet area appears
to be due to poor surface drainage.
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7.1.4 Factors of Safety and Base Stresses

The computed factors of safety (FS) for the load cases analyzed in the
slope stability analyses are shown in the following Table 7.2.
Conventional minimum FS criteria are 1.5 for static long-term stability
and 1.0 for earthquake stability (by pseudo-static method). The low
computed FS for Case 1 was for shallow (surficial) potential failure
surface; acceptable FS was obtained for deeper, more significant potential
failure surfaces. In order to minimize the possibility of shallow nuisance
slumps occurring, the geogrid reinforcement of the outer part of the new
fill slope was incorporated in the design of the dike embankment.

Table 7.2: Slope Stability Factors of Safety (Outside Slope)

Calculated Minimum

Load Case Factor of Safety (FS)
1. Static Long Term — no Geogrid Reinf. 1.04
2. Static Long Term — with Geogrid Reinf. 1.59
3. Earthquake — 0.1g 1.26

See analysis sections in Doc 05 in Appendix A for source of information in this table.
7.1.5 Liquefaction Potential

Available subsurface information indicates that the foundation soils
typically consist of firm to dense and very dense sands. No liquefaction
potential analyses have been performed specifically for the ash pond dike.
However, the sandy soils appear to be too firm and compact to be
susceptible to liquefaction during an earthquake. According to a 2010
draft 5-year inspection report by MACTEC, Carolina Power and Light
(CP&L now known as Progress Energy Carolinas) performed a review of
the potential for liquefaction at the adjacent Robinson Nuclear Plant,
including the cooling lake dam (Lake Robinson Dam), in 1995-96 in
response to a request of the Nuclear Regulatory Commission (NRC). The
review concluded that liquefaction was not of concern for the cooling lake
dam, and the NRC concurred with the assessment. Thus, in the absence of
loose saturated sands or very soft clays in the embankment or foundation,
liquefaction also does not appear to be a concern for the ash pond dike.
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7.1.6  Critical Geological Conditions

The ash pond site is located in the Coastal Plain Physiographic Province of
South Carolina. Law’s 2001 Design Report references “Hydrogeologic
studies conducted in conjunction with the Robinson Unit 2 licensing” that
“indicate about 30 feet of recent alluvial sands and gravels underlie the ash
pond area. These surficial deposits overlie Upper Cretaceous sediments of
the Middendorf Formation. The Middendorf Formation consists of
interlayered sands and clays with some slightly cemented layers possible.”
The formation materials are firm and compact. The Mindendorf is
permeable and groundwater occurs within the formation in both water
table and artesian conditions. According to a 2010 draft 5-year inspection
report by MACTEC, the Upper Cretaceous is approximately 460 feet thick
and lies unconformably on crystalline basement rocks of Pre-Cambrian
and Paleozoic Age.

Seismicity — The site of the Robinson ash pond dike is in an area of
generally low seismic hazard characterized by light earthquake activity
resulting in minor damage. Based on USGS Seismic-Hazard Maps for
Central and Eastern United States, dated 2008, the ash pond dike is located
in an area anticipated to experience 0.20g peak (horizontal) ground
acceleration with a 2-percent probability of exceedance in 50 years. It is
noted that the maps are based on uniform firm-rock site conditions, i.e.,
site conditions with average shear wave velocity of 2500 feet per second
in the upper 100 feet below the surface. The alluvial soils and the Upper
Cretaceous sediments that form the foundation for the dike embankment
would be expected to have a lower shear wave velocity; therefore, the
expected horizontal ground acceleration at the dike, derived from a site
response analysis, would be higher than the indicated map value.

According to MACTEC’s 2010 draft 5-year inspection report, “The
seismicity of the site was thoroughly investigated in connection with the
licensing of the 1970 nuclear unit. The conclusions of these studies
indicated that the amplitude of ground motion at the site from credible
design earthquakes would not cause damage to any reasonably well built
structure...Active faults are unknown in the area.
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The seismic design criteria adopted for Unit 2, the nuclear installation, are
as follows:

Design Earthquake - Maximum horizontal ground acceleration of
0.1 g with a vertical component of 2/3 of 0.1 g.

Hypothetical Earthquake - Maximum horizontal ground
acceleration of 0.2 g with a vertical component of 2/3 of 0.2 g.”

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Structural stability documentation for the ash pond dike is adequate.
7.3  ASSESSMENT OF STRUCTURAL STABILITY
The structural stability of the dam appears to be satisfactory based on the following:

e Documented slope stability analyses showing satisfactory factors of safety
under both credible static long term and earthquake (pseudo-static) loading
conditions.

e Liquefaction potential does not appear to be a concern due to the firm,
compact nature of the foundation and embankment soils.

e No indications of scarps, sloughs, major depressions or bulging anywhere
along the slopes of the dike.

¢ No indications of boils, sinks, or uncontrolled seepage along the outside
slope or toe of the dike.

e No major depressions and no significant vertical or horizontal alignment
variations in the crest of the dike.

The outlet structure appeared to be in generally sound and stable condition with no
evidence of significant deterioration of the limited visible parts of the structure that
could be seen at the riser and at the outfall. It would be prudent to include periodic
interior inspection of the outlet structure with a “borehole” video camera as part of
PEC’s inspection program for the ash pond dike (see Subsection 9.3.1). Bank
erosion observed at the outfall does not appear to currently threaten undermining of
the end of the outfall pipe. However, it would be good practice to protect the bank
to prevent further erosion that could eventually undermine the end of the outfall

pipe.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1

8.2

OPERATING PROCEDURES

As described in Section 2.2, the ash pond receives sluiced ash from the bottom ash
handling system. The pond previously also received sluiced ash from the fly ash
handling system. When the fly ash was disposed in the ash pond, it was
pneumatically conveyed from each hopper with a hydroveyer exhauster where the
fly ash and air mix with water at the inlet section of the hydroveyer exhauster. The
mix of air, fly ash, and water was then discharged to an air separator tank, where the
air was discharged to the atmosphere, and the ash/water slurry flowed by gravity to
a common header, where the ash/water slurry was pumped with a jet pump to the
ash pond. Currently, nearly all fly ash is dry handled and sold for beneficial reuse.
Fly ash is discharged to the pond only when the dry handling system is down for
maintenance.

The finger dike at the ash pond separates the pond into a north portion and a south
portion. The ash slurry is discharged into the north portion, which is nearly filled
with ash. The flow pattern is around the west end of the finger dike to the north
portion, where the overflow riser of the outlet structure is located on the upstream
side of the main dike near the juncture of the finger dike with the main dike. This
pattern of circulation is promoted by maintaining drainage ditches in the ash
surface. According to MACTEC’s draft 2010 5-year inspection report, there has
been no flow into the riser since it was raised for the last dike raise in 2002.

Only a very small amount of water is impounded in the ash pond, primarily in the
north portion against the north end of the dike. In the essentially filled-to-capacity
south portion of the ash pond a sprinkler system has been installed and operated as
needed to control dust from the exposed ash surface.

MAINTENANCE OF THE DAM AND PROJECT FACILITIES

There is no written maintenance plan, although there is a written inspection
procedure that addresses responsibilities for both routine maintenance and non-
routine remediation, as well as inspections. Maintenance of the impounding
embankment and outlet works of the ash pond, and essential operating equipment,
such as the piping (ash sluice lines), pumps, and other equipment (e.g., sprinkler
system) is performed, as needed, based on routine inspections by plant personnel.
Such maintenance includes erosion repairs, filling animal holes, and repairing the
dust-control sprinkler system. Rim ditches inside the ash pond are periodically
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excavated to maintain free-flow. Vegetation on the embankment slopes is generally
mowed quarterly.

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

Based on field observations and review of operations pertaining to CCR
containment, operating procedures at the ash pond appear to be adequate.

8.3.2 Adequacy of Maintenance

Overall, maintenance of the impounding embankment and outlet works of
the ash pond appears to be adequate. No major maintenance issues were
noted from review of dike inspection reports. Based on field observations,
some minor maintenance of eroded areas on the lower part of the outside
slope of the dike is needed.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1

9.2

9.3

SURVEILLANCE PROCEDURES

Progress Energy laboratory personnel inspect the ash pond dike twice a month in
accordance with procedures in a written inspection plan, included for reference as
Doc 07 in Appendix A. These semi-monthly inspections are documented on a
checklist form; the results of inspections conducted through 2010 into January 2011
are included for reference as Doc 04 in Appendix A.

In addition, inspections are performed annually and every 5 years by third party
contractors (outside consultants) as required by Progress Energy’s Non-
Hydroelectric Dam and Dike Inspection Program Manual, included as Doc 07 in
Appendix A. These inspections are documented in written reports prepared by the
outside consultants. The 5-year inspections and reports are more exhaustive. The
2009 annual inspection report and the 2010 5-year inspection report (draft) prepared
by MACTEC are included for reference as Doc 08 and Doc 03, respectively, in
Appendix A. (These inspections and reports cover the ash pond dike along with the
main dam that impounds the cooling lake, Lake Robinson.)

Miscellaneous Inspections — Progress Energy chemistry laboratory personnel make
general observations of the ash pond dike during weekly visits to inspect the ash
discharge pipe.

INSTRUMENTATION MONITORING

Dam performance monitoring instrumentation includes 6 piezometers in place in
the crest, outside slope, and outside toe area below the dike; there also is one water
quality monitoring well located in the outside toe area of the dike. Groundwater
levels are measured semiannually. The groundwater elevations for the period of
record from July 1996 to January 2009 are tabulated on an exhibit in Doc 09 in
Appendix A; an accompanying plan in Doc 09 shows the locations of the
instruments. The piezometers in the dike were always dry when observed; those in
the outside toe area had groundwater well below the ground surface (more than 10
feet).

ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Progress Energy’s inspection program for the ash pond dike is adequate
overall. No major safety issues were noted in any of the inspection reports
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or check forms. As previously noted, during the site visit it was observed
that there was some flow from the ash discharge pipe, even though there
was no flow into the riser inlet in the ash pond. Since storm water lines
are buried along the outside toe of the dike tie-in to the ash pond drain
pipe, it is possible that the source of water is residual storm water flow or
groundwater infiltration along one of the storm drains. However,
MACTEC’s 2010 draft 5-year inspection report noted the same condition,
even though there had been no rain in the past 7 days, and as noted in the
previous subsection, the groundwater in the toe area is well below the
ground surface, suggesting that at least local groundwater infiltration may
not be the source. The MACTEC report recommended that “further
checks of the pipe be made to confirm the source is not from leakage
around the ash pond drain pipe.” Therefore, based on the above and the
fact that previous repairs were made to stop small leaks in the riser,
specific attention should be paid to the ash pond outlet in the inspection
program by performing interior inspections with a “borehole” video
camera at a suitable frequency that should be established after performing
the first inspection and reviewing the results. If the interior is found to be
clear and free of sediment with no evidence of infiltration or other issues,
and if flow from the ash pond into the outlet is very infrequent, the interior
inspections might be established at a low frequency but not less frequent
than once every 10 years.

9.3.2 Adequacy of Instrumentation Monitoring Program

The instrumentation monitoring program, which includes bi-annual
measurement of groundwater levels in piezometers installed in the ash
pond dike and outside toe area, is adequate. No problem or suspect
condition, such as excessive settlement, major seepage, shear failure, or
displacement was observed in the field that might be reason for
installation of additional or different instrumentation. In the absence of
stability problems or major seepage issues, there is no need for additional
performance monitoring instrumentation at this time.
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Exhibit 01: Typical Cross-Section of Dike (before 2002 dike raise).
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Exhibit 02: Outlet Structure (before 2002 dike raise).
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Doc 01: H. B. Robinson Vicinity Map
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H.B. Robinson Power Station Vicinity Map
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Doc 02: Ash Pond Aerial Map
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Doc 03: MACTEC 2010 5-Year Inspection Report
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1.0 SUMMARY

1.1 General

As part of its on-going dam safety program, Progress Energy Carolinas (Progress Energy)
conducts independent dam safety inspections at its fossil plants on five year intervals. This
report presents findings of the 2010 independent consultant dam safety inspection of Progress

Energy’s H.B. Robinson Steam Electric Plant cooling lake dam and ash pond dike.

The purpose of this dam safety inspection and report is to identify, within the limitations of
visual 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, the quality and
adequacy of project maintenance, surveillance, or<in the methods of operation, that might
endanger public safety. The objective is to recommend.immediate action for public protection
where necessary, further studies and analyses where required, and acceptance of the present

condition of the dam if the engineering data and.inspections so justify.

This inspection was performed in general accordance with the recommended guidelines for a
Phase | dam safety inspection published by the U.S. Army Corps of Engineers *. The H.B.
Robinson Steam Electric Plant facilities include a cooling lake dam and spillway, ash pond
dike and cooling water discharge canal. The cooling lake is also a source of emergency
cooling water-for.the adjacent H. B. Robinson Nuclear Plant. However, the cooling water
discharge canal, which is physically separated from the cooling lake, is designed to provide
sufficient water for emergency shutdown. Thus, the cooling lake is not a Class | structure, and
the inspection did not assess the dam’s condition in the context of a nuclear-safety related

structure.

Previous independent consultant inspections have been conducted by William Wells in 19807,
Charles T. Main Inc. in 1985  and LAW Engineering (now known as MACTEC Engineering
and Consulting (MACTEC)) in 1990 * 1995° 2000°, and 2005’. In addition, MACTEC has

performed limited inspections annually since 2003.

* Numbers refer to references listed in Section 5



1.2

Conclusions

Based on the information collected during the field inspection and office review, the following

conclusions are warranted.

1.2.1

Cooling Lake Dam/Cooling Water Discharge Canal

The H.B. Robinson Cooling Lake Dam is adequately<designed and adequately
constructed. It is in good condition with no visible dips, sags, slumps, sinks or other
evidence of distress. The upstream rip rap is sounds and the downstream,grass cover is
well established. Maintenance of the dam by plant personnel is excellent, and the dam is

routinely inspected by plant personnel.

The cooling lake spillway is adequately-designed and constructed. The spillway can pass
the entire flow of the PMF event when the tainter.gates are fully opened. This approach
does not rely on the available storage between the normal pool elevation and the dam
crest. However, underthe operating license for the Robinson nuclear plant, the maximum
lake level allowed is elevation 222 feet." The storage volume between the normal pool
elevation and the maximum allowed-lake elevation is equivalent to approximately 1.5

hours of inflow at the peak design storm rate into the lake.

The current operating procedure for the spillway gates is satisfactory with respect to dam

safety.

Gaps/offsets of up to 2 inches, suggesting movement, were observed at the downstream
spillway retaining walls which support the embankment during MACTEC’s first
inspection of the dam in 1990. No significant change in the openings has been reported in
subsequent inspections or was observed during the current inspection. The observed
movements are common for cantilever retaining walls of these heights. Monitoring of the
movements with crack gages has been discontinued due to minimal movements recorded

over several years.
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1.2.2

In general, the condition of the spillway concrete is adequate. An area of cracked
concrete under two of the spillway bridge beam seats noted in previous inspections was

repaired in 2004.

The spillway Tainter gates are in fair condition but need some repairs as documented by
Progress Energy’s 2007/2008 inspections. Progress Energy has«made plans to perform
the repairs in 2011 for Tainter Gate B (West Tainter Gate) and in 2012 for Tainter Gate
A (East Tainter Gate).

Rip rap on the upstream slope is in good condition. Local spots where slight subsidence
or crest edge depressions occur are routinely filled by plant‘personnel. No local

depressions were observed during the current inspection.

The area along the downstream toe of the dam is being maintained clear of brush and

trees. Minor ground cover vegetative growth‘is presentin the rip rap east of the spillway.

The cooling water‘discharge canal dikes, natural and man-made side slopes and the exit
weir structure are in generally good-condition. Local slides in cut slopes on the west side
of the canal do not pase‘a significant concern for loss of capacity. Clearing of a short
section of the slopes was done in 2009 as part of a firing range project. Cleared areas

have minimal vegetation.
Visual inspections currently being performed by plant personnel on a bi-monthly
frequency provide an adequate method of assessing the general condition of the cooling

lake dam.

Ash Pond Dike

The ash pond dikes have a good grass cover on the exterior slope and there is no sign of

significant dips, sags, slumps, sinks or other visual evidence of distress.



1.3

Sedimented ash only is present against the dike in the southern section of the ash pond
area. Some water is currently impounded against the northern portion of the ash pond

dike, although no water is present around the outlet riser.

The ash pond vertical riser spillway which serves as the discharge structure was
originally designed for a storm with an expected frequency of once every ten years and a
70 acre drainage basin. The 2002 dike raise re-evaluated the hydrology and provided for
adequate storage and discharge combined to handle a 50-year24-hour storm of 7.5

inches of rain with the normal pool at elevation 269.5 feet:

The discharge pipe for the ash pond vertical riserds in good condition, but it receives no

flow from the ash pond due to the water level‘in the pond being below the top of the riser

pipe.

Storm water surface drainage was re-routed as part.of the 2002 dike raise such that some
storm water now enters the ash pond discharge pipe. The ground at the outlet end of the

discharge pipe has experienced,some ergsion, possibly related to the storm water flows.

Visual inspections.are currently being performed by plant personnel bi-monthly in
accordance with Progress Energy procedures. Progress Energy lab personnel also have a

weekly opportunity to observe the dike during ash discharge pipe inspections.

Monitoring of piezometers installed in the ash pond dike (done semi-annually) has not
recorded presence of water due to the lack of significant depth of impounded water

against the dike.

Recommendations

1.3.1 Cooling Lake Dam/Cooling Water Discharge Canal

1.

Control/removal of vegetation in the rip-rap along the toe drain and on the crest and

slopes of the dam should continue.



1.3.2

Areas of slight depressions in the slope adjacent to the west spillway training wall that
have previously been filled with gravel should be visually monitored by plant personnel

to see if further depressions occur.

The outlet of the artesian flow relief drain should be cleaned of the iron-cemented

material accumulating in the pipe at least every other year.

Spillway gates are lifted approximately one inch monthly using both the electric drive
and propane system in accordance with plant procédures. Maintenance of the system
should be performed at any time the electric drive or propane system fail t0 adequately

lift the gates.

Progress Energy should complete the Tainter gate repairs as planned in 2011 and 2012.

The gaps/offsets between the spillway. retaining walls and the downstream spillway
training walls should be visually checked by plant personnel at least quarterly to see that
no changes are occurring. Apparent changes should be reported, and reactivation or re-

installation of the crack monitors:and.readings should be done.

The _cleared slope. areas of, the discharge canal adjacent to the firing range should be

vegetated with ground coverto reduce potential erosion.
The area,surrounding the yard inlet that is producing sediment flow through the pipe
culvert near the firing range should be stabilized to minimize further sedimentation of the

discharge canal.

Ash Pond Dike

The bi-monthly annual inspection frequency should be increased to monthly if water
levels in the north pond area continue to rise and remain against the dike. These

inspections should look for any cracks, slumps or new seepage. Any unusual findings



should be reported immediately to a designated engineer for evaluation.

The semi-annual frequency of reading the piezometers in the dike should continue. If
water is detected and the pond water levels are rising, the reading frequency should be
increased to monthly, and Progress Energy engineers should be furnished the readings for

review.

The junction of the north dike exterior slope and the rip rap to€ drain should be checked
for presence of local erosion loss of ground into the rip rap during the regular inspections.
Local depressions should be filled with gravel. Similarly, the interior edge of the north
dike crest should be observed for local loss of ground into the interior sloperip rap and

local depressions filled with gravel if found.

Spraying to control minor vegetation growth in the rip'rap.on the interior slope of the

north dike is recommended.

The storm drainage pipe along:the toe of the north dike should be checked using video
methods to see if water is infiltrating into'the pipe joints. Similarly, a video camera
should be used'to eheck the pipes:leading from the catch basin at the toe of the slope over

the discharge pipe backtoward the ash pond vertical riser to see if there are leaks.

The erosion at the outlet end of the pond discharge pipe should be monitored for change
in area of impact. If the erosion is expanding, filling the area with rip rap on top of

geotextile should be considered.

The existing erosion ditches along the toe of the north dike and the drainage ditch parallel
to the toe of the south dike should be checked during the regular inspections for signs of
increased activity. Placement of additional rock check dams may be necessary if erosion
is increasing.

The rock filter berm around the drop inlet where the storm water runoff enters the

discharge pipe should be cleaned as needed to remove accumulated dead vegetation and



mulch to allow water to flow through into the drop inlet.




2.0 PROJECT INFORMATION

Information in this section is summarized from prior inspection reports by William L. Wells?,
Charles T. Main, Inc.® and LAW Engineering, Inc.®. Due to the format adopted for this report,
only summary historical information about design and construction is provided. The referenced

reports contain more detailed information.

2.1 Location

The H.B. Robinson Steam Electric Plant is located at.34° - 24’ north, latitude and 80° - 9” west
longitude on Black Creek in Darlington County, South Carolina, adjacent to State Highways 1623
and 131, about five miles northwest of Hartsville, South Carolina (Exhibit No. 1). The plant is
owned and operated by Progress Energy. A fossil'fuel unit (Unit 1).and a nuclear unit (Unit 2) are

both present on the site.

2.2 General Description

2.2.1 Cooling Lake Dam
The cooling lake dam was completed in 1959. The dam is an earthfill structure about 4,000 feet

long with'a maximum structural height of about 55 feet. A concrete overflow spillway with two
Tainter gates is provided about 400 feet west of the old stream bed of Black Creek. The lake
impounded by the dam is/about 7.3 miles long in the north-south direction and has an average
width of about 2,500 feet. At the normal water surface elevation of 220 feet msl, the surface area
of the lake is 2,242 acres.

2.2.2  Ash Pond Dike
Approximately one mile northwest of the plant, there is an ash pond dike approximately 1,800

feet long with a maximum structural height of approximately 31 feet. A drop inlet/vertical riser
structure is provided as a spillway for the ash pond. As modified in 1982, the pond had a surface

area of 55 acres at crest level and a storage capacity of approximately 410 acre feet of ash. In



1992, ash was removed from the eastern end of the pond and stacked in the western end, reducing
the active portion of the ash pond to approximately 35 acres. In 2002, the dike for the pond was

raised to increase the storage area at maximum pond level to about 55 acres.

2.2.3  Cooling Water Discharge Canal

A cooling water discharge canal conveys condenser cooling water from both units to a point
approximately 4.2 miles up the lake where the water is returned to the lake for cooling. The canal
is separated from the cooling lake by a combination of natural ground‘@nd.low height earth dikes.
At the confluence with the cooling lake, a concrete weir structure retains a minimum water level

in the canal to provide emergency cooling water for the nuclear power plant (Unit No. 2).

2.3 Size Classification

The size classification is determined by the‘height of the dam or.the maximum storage capacity,
whichever gives the larger size category.' The cooling,lake damis 55 feet high and has a
maximum storage potential of 55,500 acre-feet at therest of the dam. A large size dam is greater
than 100 feet in height or has more, than 50,000 acre-feet of maximum storage capacity in
accordance with the USACOE guidelines’. The H.B. Robinson Dam is therefore classified as a

large size based on maximum storage capacity.

The ash pondidike is 31:feet highhand presently has a maximum storage potential estimated as
630 acre-feet at the crest of the dam. A small size dam is less than 40 feet in height or less than
1,000 acre-feet in maximum Storage capacity in accordance with the USACOE guidelines'. The
ash pond dike is,thereforg classified as small size based on both height and maximum storage

capacity.

2.4 Hazard Potential Classification

The cooling lake dam is classified as a “High Hazard Potential Dam” in accordance with the
system adopted by the USACOE guidelines. High Hazard Potential refers to the potential for
major property damage or loss of life in the event of a dam failure for any reason and does not

infer that the dam is unsafe. The H.B. Robinson downstream channel is a meandering, heavily



forested natural channel. There are numerous occupied houses adjacent to the channel including
two less than 1,000 feet downstream of the dam which could be damaged by failure of the dam
with resultant risk of loss of life. State Highway 1623 would likely be closed suddenly. Sudden
failure of the H.B. Robinson Dam could result in cascade failure of the Prestwood Lake Dam five

miles downstream at Hartsville, South Carolina.

The ash pond dike is classified as a “Low Hazard Potential” dam in accordance with the
USACOE guidelines. There are no inhabited or uninhabited dwellings‘downstream from the dam.
The discharge from the ash pond spillway crosses under a rail spur used to deliver coal for Unit
No. 1 and then enters a cove which is part of the plant coeling water canal. Failure of the ash
pond dike could temporarily close the rail spur and ash'released from the pond could partially
block the cooling water canal. Blocking the cooling water canal could lead to backwater flooding

along the canal but would not restrict the intake of cooling water from the lake.

2.5 Historical Summary

The cooling lake dam was designed by, and constructed under the supervision of, Ebasco
Services, Incorporated of New York. Construction extended from May 1958 to June 1959. The
only maintenance of theddam proper required in'the past has been filling of rain washes in the
downstream slope which eccurred prior tothe development of a grass protective growth.
Maintenance of the spillway structure has been confined to painting the steel parts. Repairs, as
necessary, have been made from time to time to the gate hoisting equipment, machinery, and
controlsystem. The Tainter gate seals were repaired in 1980. In 1963, the area downstream of the
dam extending east of Black Creek for a distance of about 1,500 feet was reshaped for erosion

control and to allow adequate drainage of runoff from the area.
Since the 2005 inspection, Progress Energy has conducted a full structural inspection of the
Tainter gates and conducted some structural repairs deemed critically necessary. Further repair

work is scheduled to occur in 2011 and 2012. Section 4.5.2 discusses this inspection activity.

Fly ash from Unit No. 1 is pumped through a pipeline to the ash pond. In June-December 1982,

the original ash pond dike was raised 7 feet to provide 10 years additional storage of ash. The
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raising of the dam was designed and constructed by CP&L (now known as Progress Energy). In
1992, sedimented ash was excavated from the pond and stacked in the western portion of the ash
pond. The discharge pipe from the drop inlet structure was refurbished and the outlet reworked to

provide an unobstructed discharge.

In February, 2002, Progress Energy personnel noticed two depressions and surface voids in the
area below the toe of the north dike. Examination and inspection by MACTEC and Progress
Energy personnel found evidence that a separated joint in the stormwater. pipe was the cause of
the depressions. A small leak in the vertical riser in the ash pond was also found. Progress
Energy contracted to have the area around the ash outlet pipe grouted as a preventive measure,
sealed the leak in the riser, and included rerouting of the stormwater line in the dike raise work

that was done later in 2002.

In order to increase pond storage capacity, MACTEC designed a 6-foot vertical raise of the pond
dikes in 2002 and included rerouting of the stormwater line as mentioned above. The design of

the raise is discussed further in section 3.3.3.

2.6 Geology and Seismicity

2.6.1 Geology

The site lies in the coastal plain of South Carolina, approximately 15 miles southeast of the Fall

Zone. In the'general vicinity of the site, surficial deposits S to 30 feet thick, consisting of sand
and clay, overlie Upper Cretaceous sediments of the Middendorf Formation. The Upper
Cretaceous sediments are 'approximately 460 feet thick and rest unconforrnably upon the

crystalline basement of Pre-Cambrian and Paleozoic Age.

The surficial materials at the site are sands and clays derived from the Middendorf It is difficult in
most parts of the area to distinguish the surficial material from the weathered Middendorf. The
Middendorf consists of light colored feldspathic and slightly micaceous quartz sand and red,
purple, gray, and brown silty sand and clay. Some layers have been cemented into semi-
consolidated sandstone. The sand and clay beds are lenticular and grade laterally into one another

and pinch out within comparatively short distances.
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The Middendorf is a permeable formation and, in several areas of the Coastal Plain, yields up to
2,000 gpm from individual wells. Ground water occurs under both water table and artesian

conditions.

From a geological standpoint, the Middendorf is considered to be an unconsolidated sediment.
However, from an engineering point of view, the materials are firm and compact, ranging in

texture from a hard, compact soil to a soft rock.

2.6.2  Seismicity

The seismicity of the site was thoroughly investigated.in connection with the licensing of the
1970 nuclear unit. The conclusions of these studies indicated:that the amplitude of ground motion
at the site from credible design earthquakesiwould not cause damage to any reasonably well built
structure. In addition, the site is located in'Zone 2 according to Corps of Engineers®. Zone 2 is
characterized as a zone of light earthquake activity.which would result in only minor damage.
The suggested maximum horizontal acceleration for an earthquake in Zone 2 is 0. 10 g. Active

faults are unknown in the area.

The seismic design criteria adopted for Unit 2, the nuclear installation, are as follows:

Design Earthquake - Maximum horizontal ground acceleration of 0.1 g with a vertical

component of 2/3 0f 0.1 g.

Hypothetical. Earthquake - Maximum horizontal ground acceleration of 0.2 g with a

vertical component of 2/3 of 0.2 g.

A review of the potential for liquefaction at the Robinson Nuclear Plant, including the cooling
lake dam, was conducted by CP&L in 1995-96 in response to the Nuclear Regulatory
Commissions’ Seismic IPEEE program. CP&L’s review concluded that liquefaction was not of

concern for the dam, and the NRC concurred in the assessment.
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3.0 DESIGN AND CONSTRUCTION

Design and construction information are summarized briefly in this section. More details can be
obtained from the 1980 inspection report by Mr. William L. Wells? and from the 1990 inspection
report prepared by Law Engineering, Inc®.

3.1 Cooling Lake Dam

3.1.1 Specific Site Conditions

A site exploration by Eustis Engineering Company of New Orleans found interlayered lenticular
and erratic layers of sand and clay. A relatively thick and@xtensive layer of clay was, found near
elevation 175. The spillway structure is founded on this layer and the dam is tied to this layer for
underseepage control. A stratum of very stiff to hard silty or sandy clay found in the plant area
between approximately elevations 170 and.150 feet, hereinafter called the lower clay stratum,
was also found in the dam area overlain by silty claysand loose fine,to coarse sand. Borings that
penetrated the lower clay stratum encountered large‘artesian flows with the piezometric head

rising to elevation 213.

3.1.2 Design Provisions

A longitudinal profile along the axis of the cooling lake dam and cross sections are contained on
Exhibit No..2 (Ebasco Drawing No: G-158002). Section AA-AA is a typical section of the dam

taken indthe central portion of the valley.

The crest elevation is 230/feet, and the crest width is 15 feet. The design normal water elevation
is 220 feet. Side slopes are 3 (horizontal) to 1 (vertical) upstream and 2.5:1 on the downstream
side. A 15-foot wide berm was added to the downstream face where the ground surface was at or

below elevation 200 feet.

The downstream face of the berm is protected against wave wash during flood periods and
against backwater currents by rip-rap underlain by a crushed stone filter layer placed below

elevation 195 feet. A crushed stone toe drain was provided at the toe of the berm.

13



The upstream slope face of the dam is covered with rip rap between the crest and elevation 205
feet. From elevation 205 feet down the slope to natural ground, a 2-inch sand-asphalt blanket was

placed for wave wash protection during reservoir filling.

The dam is constructed of sandy soils with a central vertical core of compacted impervious
material (clay) that extends from elevation 225 feet to the base of the dam‘where it connects with
a cutoff trench which, in the western portion of the dam, extended to the lower clay stratum at
elevation 170 feet. A blanket of clean sand 10 feet thick was‘placed at the base of the dam

downstream of the vertical clay core.

The eastern part of the dam, east of about Station 29, was of similar construction, except that the
cutoff trench was not carried to the lower clay stratum at elevation 170 feet but was excavated to
the surface of an upper irregular silty clay stratum found in this area. In order to reduce the
quantity of underseepage which might pass through thesand strata found between the two clay
strata, a zone of impervious material was created to tie the two clay strata together. This was
accomplished by means of a trench and clay backfill which extended upstream for a distance of
about 700 feet.

As mentioned previously, the .west abutment of the dam consists of sandy soils overlying the
lower clay stratum. The abutment was blanketed with a 5-foot thickness of clay between the end
of the dam and the plant intake structure, a distance of about 600 feet. Details are shown on
Sections EA-EA, DA-DA, and FA-FA of Exhibit No. 2.

3.1.3 Stability Analysis

A stability analysis of the cooling lake dam was performed by Charles T. Main in 19853 using a
circular arc and the method of slices. The indicated factors of safety were found to be 2.10 for the
upstream slope and 1.75 for the downstream slope, under normal conditions. The earth dam was

analyzed using the circular arc method of slices and a pseudo-static analysis under the assumed

hypothetical earthquake (maximum horizontal ground acceleration of 0.2g), with two-thirds of
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the horizontal acceleration in the vertical direction. The ratio of the sum of all the resisting forces
divided by the sum of all the forces tending to cause displacement was 1.08. The dam was also
analyzed by the Newmark method. This indicated that no appreciable displacement or yielding of

the embankment would be expected when it is subjected to the hypothetical earthquake.

3.1.4  Construction

Construction of the dam was started in May, 1958, and it was completed June 22, 1959. Water
impoundment was started in March, 1959, and the lake reached elevation 220 feet in February,
1960. Clayey soil for construction of the compacted clay core was obtained from a ridge about
2,500 feet east of the east end of the dam.

Much difficulty was experienced during construction of the cutoffwall to the underlying clay
strata at several points. In many areas, large flows of water.were encountered and the side slopes
of the excavation were not stable. The core trench excavation between Stations 13+00 and 14+00,
near the west abutment, contained a mixture of sand, clay, and water with a consistency of a

slurry. Gravel was placed in this slurry, then compacted until point-to-point contact existed.

Sheet piling was then driven through this backfill .a minimum of 1-1/2 feet into the lower clay
stratum and extended 3 feet above the gravel backfill. Clay was then placed and hand tamped
around the 3-foot extension.»A tee pile was driven at Station 13+30 to be the start of the west
abutment cutoff.wall,; Sheet piling was used for this wall in lieu of the clay cutoff zone shown on

the drawings.

At the east cutoff wall, the northern 360 linear feet of the cutoff wall was constructed as designed;
however, because of water problems and caving trench walls, the next 320 feet were constructed
using sheet piling. The last 195 feet were constructed as designed. This tied into the core of the
dam at Station 29+30.
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The quality of the earthwork was controlled by Ebasco through field inspections and tests by soils
technicians. Testing consisted principally of gradation, in-place density, compaction, and
permeability. The average degree of compaction obtained on all fills was greater than that
required by the specifications, and any areas which did not meet the specification were rerolled

and retested.

3.2 Cooling Lake Spillway
3.2.1 Description

The spillway is located about 400 feet west of the former Black Greek channel. A discharge canal
leading back eastward to the creek channel was provided dewnstream of the stilling basin. The
spillway consists of an approach channel, an overflow Section with two tainter gates, a sluice
controlled by two 36-inch Howell-Bunger valves (which are installed at the downstream end of
the center pier), and a stilling basin. A ten-foot wide two-span‘bridge constructed of steel girders
with a concrete deck crosses the overflow structure. A general plan, and sections of the spillway
structure are contained on Exhibit No. 3 (Ebasco Drawing No. G-158005). The structure is
founded upon and is keyed into the lower stiff. to hard clay stratum at elevation 163 feet. The
outside faces of the two end piers were constructed on a vertical batter of 1:10. A cutoff wall, 2
feet thick, extending 6 feet'into the clay core of the dam was provided on the outside face of each

end pier.

The clay core‘was thickened to include the cutoff walls for a distance of 20 feet on each side of

the spillway.

In connection with the preparation of the FSAR for the nuclear unit, the spillway was analyzed by
conventional methods,under hypothetical earthquake conditions, and a ratio of resisting forces to

displacement forces of 1.38 was obtained.

The spillway is provided with two Tainter gates, each of which is 25 feet wide and 35 feet high.
The Tainter gates are operated by electric hoists with a standby propane motor. Provision is made
on the hoists of both gates for connection of the propane motor drive so that they may be operated

if a power failure occurs. Gate No. 1 (also referred to as Gate B or the west gate) can be operated
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from the plant control room, but only up to an opening of four feet. To open the gate to a greater
height or to operate Gate No. 2 (also referred to as Gate A or the east gate), the operator must go

to the spillway bridge.

Spillway rating curves are shown on Exhibit 3. The cooling lake spillway is capable of passing
40,000 cfs with the lake at elevation 221.67. This spillway capacity is based on both tainter gates
being raised 30 feet above the ogee crest. Raising the gates and allowing this magnitude of

release would likely flood the residences immediately downstream.

The operating license for the nuclear Unit 2 specifies a maximum lake level for the Cooling Lake
of elevation 222.0 feet in order to maintain circulation in the cooling water canal. This
requirement affects the flood storage capacity of the dam. The_storage available between the
normal pool elevation 220 feet and the regulatory maximumeelevation of 222 feet is sufficient to

store 1.5 hours of the design storm peak flow.

3.2.2 Design Flood

In October, 1959, a gauging station was established on Black Creek by the USGS at a point near
McBee. Examination oOf the recordsfrom:the gauging station yielded several well-defined flood
hydrographs which were considered suitable for determination of a unit hydrograph. These
hydrographs.were used to.calculate.a peak flow which would result from the Probable Maximum
Precipitation (PMP) for the area taken from charts prepared by the Hydrometeorological Section

of the Weather Bureau. This calculation yielded a peak discharge into the lake of 39,000 cfs,

3.2.3  Spillway AreaDrainage

In 1961, a point source of water was noted about 100 feet west of the west spillway wall and 20
feet south of the toe of the dam. A water sample was taken and analyzed for comparison with the
lake water. It was concluded that the flow was not lake water but was from the artesian layer in
the foundation, posing no threat to the dam. In September 1961, a pit 4 feet deep was dug at the

seep location and partially filled with crushed stone and rip-rap. A cap of sand-clay was provided.
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A 105-foot long drain tile was laid from the pit to the bank of Black Creek at the spillway stilling

basin training wall to allow for relief of the artesian condition.

3.3 Ash Pond Dike

3.3.1  Design Provisions

The original ash pond dike was raised seven feet in 1982 using designs<prepared by CP&L. In
2002, the dike was raised another 6 feet to a crest elevation of 272 feet.. Exhibits 8 through 11
show plans, sections and details of the 2002 design. The presentash pond dike has a crest width
of 15 feet, an upstream slope of 2(H):1(V) and a downstream slope of 2(H): 1(V). The raise was
accomplished by adding compacted fill to the crest and downstream side of the existing structure.
The separator dike was also raised. The separator dike Is intended«o lengthen the retention time
by substantially increasing the distance from the ash pipeutfall to the skimmer/drop inlet
spillway structure. The hydrology was updated to include ‘stormwater contributions from the
Darlington Plant. A 50-year, 24-hour storm was used with 7.5 inches of rainfall. To maintain at
least 1 foot of freeboard at the peak inflow during the design storm, a distance of 2.5 feet was

required between the crest of the dike and the top of the riser.

3.3.2 Stability Analysis

Stability analyses were conducted as part of the design for the 2002 dike raise. The results
indicated a downstream slope factor of safety of 1.59 for normal conditions. The free draining
nature of the sandy fill material and foundation as well as a toe drain enhance the stability.
Upstream slope stability is not considered critical since the pond is generally dry and filled with

fly ash next to the dike.

3.3.3  Construction

The 2002 dike raise used fill materials from a borrow area located on the south edge of the pond.
The soils were sandy and were compacted in lifts to a specified 95 percent of the standard Proctor
maximum dry density (ASTM D 698) or greater. The construction was monitored by
representatives of MACTEC.

As part of the 2002 work, storm water collection facilities were improved, new piping placed
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where damaged pipes were found in February, 2002, and the storm piping was connected to the

ash pond discharge pipe. Exhibits 8 and 10 show the plan and details.

3.4 Cooling Water Discharge Canal

Condenser discharge water from both Unit No. | and Unit No. 2, is discharged into a cooling
water discharge canal which extends along the west reservoir shore to a point some 4.2 miles
upstream where the water is returned to tile lake. A sheetpile and concrete weir maintains the
water level in the canal at a minimum elevation of 208.5. However, thexnormal water level is
elevation 220.0. The canal is generally an excavated section and is contained by.a combination of
natural ground and low height dike between the canal and the main reservoir. The canal has a
bottom width of 20 feet, side slopes of 3(H): 1(V) and.an average depth of flow of about 13 feet.
Side slopes to the reservoir side vary from 3(H): 1(V) to 6(H): 1(\/). The original canal ended at a
sluice structure approximately 1 .2 miles upstream of the plant and served only Unit No. 1. In
1970, the canal was extended to its current 4.2 miles length to serve both Unit Nos. 1 and 2.

Water velocity in the canal is a maximum 1 .75 fps.

In 2009, portions of the discharge canal side slopes were cleared of their vegetation as part of

improvements to a firing#ange located on the west side of the canal.

19



4.0 FIELD INSPECTION OBSERVATIONS

4.1 Method of Inspection

The field inspection was conducted April 13-14, 2010 by Al Tice of MACTEC accompanied by
Mr. Wellie Gilbert, the Plant Environmental Coordinator. Mr. David Guinn accompanied us
during portions of the inspection. Mr. John Gainey, Chemistry Technician, assisted in discussing

plant records and the maintenance schedule.

The cooling lake dam, spillway, toe area, and ash pond dike were inspected on foot. The slopes
along the cooling water discharge canal were observed from a slowly moving vehiele with areas
of interest inspected on foot. At the time of the inspection, the cooling lake was at elevation
220.83 feet. The following subsections present the findings and observations made during the

inspection.

Photographs were taken of existing conditions.. Appendix A.contains photograph locations maps.

Appendix B contains the photographs.

4.2 Cooling Lake Dam

The cooling lake dam crest, upstream slopeand downstream slope are in good condition with no
visible dips, sags; slumps, sinks or other evidence of distress (Photographs 1 through 5). The
upstream slope above water level is covered with rip rap to within about 3 feet of the crest, The
soil portion of the upstream slope and the downstream slope have a well established grass cover.
A crushed stone gravel surface covers the crest and provides the erosion protection for the crest.
Previous inspections have seen a few instances where it appeared the riprap on the upstream crest
had subsided slightly. near the crest or crept down slope. The current inspection did not see crest
edge depressions, indicating the previous depressions were routinely filled by the maintenance
personnel. Any marked increase in the occurrence or the size of the depressions should be

brought to the attention of Progress Energy engineers.

The downstream slope has had minor areas of sparse vegetation in the past located west of the

spillway on the upper third of the slope. Very few sparse grass areas were observed; the
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downstream slope is well vegetated on both east and west sides of the spillway (Photographs 4
and 5).

The lower portion of the downstream slope, on which the rip rap flood protection layer is present,
is in good condition. The rip rap west of the spillway has negligible vegetation growth
(Photograph 6). The area below the dam has been cleared of trees for security purposes. From
near the spillway west for about 300 feet, the natural ground is slightly depressed relative to the
adjacent natural ground. Wet conditions due to the poor surface drainage have been observed
during some inspection visits. The area was generally dry at the time of the present inspection.
The sporadic wet conditions are not interpreted as seepage.and appear to present:no dam safety

concerns.

East of the spillway, the rip rap on the lower part of the dam is in good condition with some
minor vegetation (Photograph 7). Progress Energy.continues to cut.and spray the vegetation in the
rip rap to control growth. Some standing water was noted.in the natural ground just beyond the
toe of the dam in an area of low topography'and ruts from mowing equipment (Photograph 8).
The area is evident by color.change in, vegetation (Photograph 9). A walk along the toe of the
dam did not find water emerging from the riprap. These areas have been observed during past

inspections.

A soil berm isqn place perpendicular to the dam at the downstream toe about 500 feet west of the
east end of the dam as a traffic barrier. The ground adjacent to the toe of the dam has had some
standing water in the past; no standing water was present at the time of the current inspection.
The past standing water appeared to be caused by back-up from natural drainages in the wooded
area south of the'dam. There does not appear to be a natural grading approach that would redirect

the water. The standing water is not a significant concern for dam safety.

The spillway structure for the dam is in good condition (Photograph 10). The concrete entry walls
do not show cracking (Photographs 11 and 12). Two areas of concrete scaling first noted in 1990
on the eastern bridge beam seats of the west spillway bridge were repaired in 2003 in general

accordance with plans prepared by Progress Energy and shown in Exhibit 12. Photograph 13
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shows the typical repair.

The spillway training/retaining walls are in good visual condition (Photographs 14, 15 and 16).
The offsets in the spillway side retaining walls noted in previous inspections appeared to show no
change. A crack movement gauge (now broken) was placed on the west wall offset in 1996
(Photograph 17). A similar monitor was placed on the east wall at the request of the State of
South Carolina Department of Health and Environmental Control after their routine inspection
conducted in 1999. Movements monitored since 1996 (west wall) andsince 2000 (east wall) were
erratic, but less than 1 millimeter in any direction. There are no signs of wall distress and the
movements seen are not unusual for walls of their design and height. After.review of the
monitoring records in 2004 by MACTEC, a recommendation was made to discontinue
monitoring based on the lack of change. The South Carolina Department of Health and

Environmental Control agreed with the recommendation.

Along the junction of the west spillway wall and the dewnstream slope, the slight depressions
noted in 2005 have been filled and show no indications of additional settlement (Photograph 18).
Some loss of ground was noted‘around,the post'of the chain link security fence on the east side of
the spillway adjacent to the retaining wall (Photograph 19). No indications of settlement adjacent

to the retaining wall were seen (Photograph.20).

Lake water flows over the top of the closed Tainter gates during normal operations. The Howell-
Bunger valves are used to control minor lake level changes and to provide low flow release. The
water exits the spillway along a concrete lined channel. During the inspection, plant personnel
were performing.regular monthly operational checks® . The electric motor on the west gate was
found to not operate; .the backup propane-operated motor was used. Plant personnel reported the
inoperative motor on their report. Both gates were operated by plant personnel, and normal water
flow was observed. Photographs 21 through 28 show the conditions of the above-water portions

of the Tainter gate arms and hoist chains.

No indications of unusual water circulation patterns suggestive of erosion at the end of the

spillway channel were seen. An underwater inspection of the submerged portions of the spillway
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and around the ends of the training walls was conducted October 4, 2005 by Eason Diving. No
formal report was prepared; however, Progress Energy personnel were present during the
inspection and the divers reported to them that no adverse conditions or discrepancies from the

original design were seen.

Water discharged from the spillway flows into a downstream channel lined with rip rap
(Photograph 14). The banks of the channel appear stable and adequately maintained. The artesian
water flow encountered during construction in 1961 was piped through the 6-inch diameter drain
line at the spillway channel (Photograph 29). The drain line is flowing at a rate. approximately the
same as observed in previous inspections. Iron sediment deposits accumulate inside the pipe
(Photograph 30). It appeared these deposits had been_partly cleared. since the last site visit in
2009. We recommend the pipe be cleaned of accumulated deposits when they block

approximately 50% of the pipe opening.

4.3 Cooling Lake Discharge Canal

The circulating water withdrawn fromithe Cooling Lake exits through a concrete structure (Unit
1) and an underwater pipe (Unit 2) into a canal that directs the water back to the Cooling Lake.
No active discharge from either unit wasseccurring at the time of our inspection. The Unit 1
concrete discharge structure did‘not show indications of distress (Photograph 31). An underwater

inspection of<the discharge structure. was made in 1996 with no problems reported.

A slow drive with stops at points of interest was made along the combined natural ground/fill area
separating the cooling water return canal from the lake. Because Unit 2 was offline, the water
level in the canal was lower than had been seen during past inspections, allowing closer
examination of portions of the slopes normally below water. Local undercutting of the slopes just
below the normal water line was seen in many areas (Photographs 32 and 33). The undercutting
appeared to extend about 12 inches into the slope. At one location, it appeared there was an

animal burrow below the normal water line as well (Photograph 34).

The undercutting is not unusual. There is a general growth of small bushes and trees on the cut

23



slopes; the root structures of the vegetation helps provide stability against slumping. No
slumping related to undercutting has been seen during previous inspections. If dike slumping
does begin to occur, placement of riprap against the underwater sections of the canal slopes could
become necessary. Animal burrows could cause local loss of ground, but would not be likely to
create a slope failure of significant extent. Unlike a dam, no water is retained by the dike slopes

outside of the canal side. No actions are recommended related to the animal burrows.

As part of a recent construction for the security firing range, vegetation, was cut off the canal
slopes. The cutting left the slope relatively bare and unprotected-against erasion (Photograph 35).
There is a low-height soil berm at the edge of the top of the east slope of the'canal that aids in
reducing water from the road washing directly down«the slope; however, we recommend the
exposed soils be protected with a grass cover. Near the northern end of the clearing for the firing
range, there is a concrete culvert for yard drainage to enter the discharge canal. A moderate
amount of sediment is in the canal (Photograph,36). We recommend the yard drain entry be

provided with a sediment filtering measure ta reduce inflow.of sediment into the canal.

Local slides previously seen‘on the natural ground cut slopes on the west side of the canal
appeared little changed«from the 2005 and earlier observations. These slides appear to be
occurring along clay lenses, in the' sandy soil:»They are relatively minor and present minimal
concerns of canal_blockage or loss of cooling volume capacity. Photographs 37 and 38 show

typical conditions observed.

A natural creek enters the discharge canal from the west about 2 miles from the canal start.
Sediment has accumulated at the junction of the creek and the canal forming a small island
(Photograph 39). The island does not appear to create a flow blockage because of the width of the

canal at this point.

The discharge canal has a strip of natural ground between the lake and the canal. The lake side

slope has riprap and natural vegetation (Photograph 40) that is in satisfactory condition.

The weir at the end of the cooling water return canal was submerged, but no surface indications
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of distress were seen, and the weir end structures were in apparently good condition (Photograph
41).

4.4 Ash Pond Dike

The ash pond is divided by a separator dike into southern and northern segtions. The southern
section has mostly been filled with sedimented ash that has a firmgdry surface capable of
supporting foot traffic and light truck traffic. In the northern section, sedimented ash is present
around the riser structure with impounded water present in the north end of the.pond. Since the
2005 5-year inspection, Progress Energy has installed a sprinkler system across the sedimented
ash for dust control. The present ash discharge iscat the south.Side of the separator dike.
Discharged ash is directed alongside the separator dike to the west in a canal excavated in the ash.

At the end of the separator dike, the ash slurry spreads out into the northern section.

The crests of the northern and southern ash pond dike sections,and the separator dike are in good
visual condition with no significant visible dips.or other evidence of distress (Photographs 42
through 45). A gravel roadds present in the center of the dikes with sparse grass growth in the

gravel and moderate grass growth where there is no gravel.

Because of the.sedimented ash, the interior slope of the south section has no impounded water
against it.<The slope is has been cleared of small trees and briers; a grass cover remains and is in
good condition (Photograph 44). The vegetation is effective for controlling erosion from surface
runoff. Progress Energy cuts small trees if they begin to appear. Evidence of active animal
burrows has been reported on the interior slope of the south dike in some previous inspection
reports. No burrows were seen during the present inspection. Progress Energy fills in animal

burrows when they are observed.

The sedimented ash has reduced the available freeboard for the south dike in an area near the ash
discharge line (Photograph 46). In this area, the freeboard appears to be as little as 12 inches
below the top of the dike. From the hydrologic studies made during the design of the dike raise in

2002, this is the minimum freeboard needed under the design storm (50-year, 24-hour). Further
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ash accumulation in this area appears unlikely because the ash discharge and flow direction is

away from the area.

The interior slope of the north section is in good condition (Photographs 42 and 47). There is
minor vegetative growth in the slope rip rap. Spraying is recommended to keep the vegetation
under control. Sedimented ash has accumulated in the pond; the ash level is approximately 38
inches below the top of the riser pipe, or approximately elevation 26643 feet. Some water is
ponded in the north end of the pond and is against the dike. Progress Energy reported that the
water level in the pond had risen to within about six to eight inches of the top.of the riser during

some extended rain events, but had not overtopped the riser,

The dike raise in 2002 created a low height dike on the nerth end.of the pond that continues west
from the main dike. The crest, interior and exterior slopes‘of this dike are in good condition
(Photograph 48). There has been a continding minor erosion condition where a drain pipe from
the Darlington oil-water separator penetrates the dike to discharge into the ash pond. The erosion
has been stabilized reasonably well with rip rap’ (Photograph 49). The outflow from the
Darlington pipe discharge has created an erosion channel in the ash adjacent to the dike that can
be seen in photograph 484 but it does not pose a safety risk for the dike. At the intersection of the
west extension with the'north dike, the riprap-placed in 2005 is in reasonably good condition
(Photograph 50). Similar eresion at the intersection of the north dike and the separator dike that

was also repaired with rip rap is in geod condition.

The exterior 'slope of the south dike is in good visual condition with a good grass cover
(Photograph 51). No trees were noted. No indications of seepage, slumps or significant surface
erosion were seen. A surface drainage ditch was constructed roughly parallel to the toe of the
south dike and about 25 to 50 feet away. There has been erosion in the ditch resulting in
deepening. Rock check dams were constructed in 2003. These are generally retarding the
erosion and grass has taken root in the ditch and adjacent areas (Photograph 51). Some erosion is
still present near the lower end of the ditch (Photograph 52). The ditch erosion is not impacting
dam safety. If further erosion deepening or bypassing of rock check dams occurs, additional rock

placement may be necessary.
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The exterior slope of the north dike is in good visual condition with a good grass cover
(Photographs 53 and 54). Small spots where soil above the toe rip rap had eroded into the rip rap
have been noted during some past site visits. These are routinely filled with gravel by Progress
Energy. A few similar spots were noted in the area north of the catch basin (Photograph 55) and
will be filled. A storm drain culvert passes under the north end of the north dike and outlets onto
a rip rap apron. The apron was in good condition; grass has grown up in.the rip rap, but the grass
does not affect its function (Photograph 54). There was some ditching erosion adjacent to the
downstream toe prior to a good vegetative cover being established. This\ditching now has
vegetation, and some rock check dams have been constructed (Photograph 56).. The erosion

appears inactive.

Surface water drains into a drop inlet located above the stormwater and pond discharge piping. A
rock filter berm surrounds the inlet. Vegetation tends to accumulate around the filter berm,
although it was generally clear at the time of the inspection (Photograph 57). Accumulated
vegetation and mulch should be removed as needed‘so the filter berm allows water access to the

inlet.

Standing water was observed in a_low area adjacent to the rail line, approximately 100 feet from
the toe of the dike (Photograph 58). This area collects rainfall runoff from the drainage ditch
beside the rail line, and the presence of the standing water is not considered related to seepage

from the ash pond.

The ash pond discharge<line is supported on a timber trestle and appears in good condition
(Photograph 59). The discharge structure for the pond is in the north section and consists of a
vertical riser connected to a culvert under the dike and the adjacent railroad embankment. The

riser has not had water pass through it yet. The vertical riser is in good condition (Photograph 60).
The outlet pipe appears to be in good condition at the exit point (Photograph 61). A slight flow

was emerging from the pipe even though there had been no rain the past seven days. From

looking in the drain inlets along the north dike toe, it appeared the flow was possibly from

27



infiltration of groundwater into the stormwater drainage portion of the pipe that is parallel to the
dike toe. We recommend that further checks of the pipe be made to confirm the source is not
from leakage around the ash pond drain pipe. At the outlet end of the pipe, there has been erosion
below the outlet creating near-vertical slopes and slight undermining of the concrete placed some
time ago as an energy dissipation pad. The erosion is caused by stormwater flows that share the
outlet pipe. Continued erosion has a risk of causing slope retrogression and undermining of the
pipe outlet end. While the area has changed little since the 2005 inspection, we recommend that

rip rap and goetextile be placed in the eroded area.

Protective dikes were built around transmission towers on the north and south'sides of the pond
when the dikes were raised to keep pond water from impacting the tower legs. These dikes are in

good condition.

4.5 Maintenance/Inspection Activities

45.1 Cooling Lake
Progress Energy personnel econduct bi-monthly visual inspections of the Cooling Lake dam.

Review of these reports did not indicate safety concerns. Monthly, the Howell-Bunger values are
opened fully and the Tainter gates are raised-approximately one inch in accordance with Progress
Energy Operating Procedure OPS-RFPC-00014°. As noted earlier, one of the regular inspections

was being conducted at the time of our site visit.

Routine maintenance of the dam consists of mowing grass and repairing local depressions in the
rip rap if seen. Vegetation i the rip rap areas is regularly sprayed. The condition of the dam

reflects good maintenance.

The State of South Carolina typically conducts annual or biennial inspections; copies of field visit
reports were found in the plant files. The last visit by the State of South Carolina was on
December 15, 2008. The inspection report (Exhibit 13) noted no deficiencies and that the gates

were tested under normal and emergency power.
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4.5.2 Spillway Gate Inspection

In late 2007 and early 2008, Progress Energy conducted a visual inspection and functional testing
of the Tainter gates. Stop logs were placed in the slots designed for that purpose to allow the
inspection to be performed in the dry. The inspection was performed by Winston Stewart of
Progress Energy assisted by Tommy Bragwell and Jimmy Dale Smith, TVA Quality Control
Inspectors. The inspection reports were supplied to MACTEC subsequent to our field visit for
review. Some structural conditions requiring immediate repairs were identified; those repairs
were conducted during the inspection. Other conditions were noted as.needing future repairs.
Exhibit 14 is a copy of the report summary sheets. Progress Energy has scheduled work on these
items for 2011 (Gate 2) and 2012 (Gate 1).

The functional testing experienced some difficulties'with limit switches on electric motors and
sticking due to dry seals. The gates were able to be opened to‘their full travel and closed. Other
than those equipment issues, no abnormal noise.or movements attributable to the trunnion pins or

side rollers were reported.

4.5.3 Ash Pond Dike
In 2009, Progress Energy.ssued a new procedure for conducting the dam inspections (EVC-
RFPC-00027 ). A copy of the procedure is included as Exhibit 15. The procedure calls for the

Robinson Fossil Plant laboratory_staff to conduct visual inspections of both dams on a bi-monthly
basis. Piezometerreadings at the ash pond dam are to be taken semi-annually. In addition to the
annual inspections, Progress. Energy chemistry lab personnel also perform weekly inspections of
the ash discharge pipe. During these inspections, the dike is generally observed. The weekly
discharge pipe. inspections provide an opportunity to observe significant changes in dike
condition that can be further checked if needed. Review of the inspection records in plant files did
not indicate any safety concerns. The inspection frequency is appropriate for the present
conditions; however, if water impoundment against the north dike shows a continuing increase,

the inspection frequency should be changed to monthly for the first year of impoundment.
Four water-level monitoring casings were installed in the dike (two on the south dike and two on

the north dike) as part of the 2002 dike raise (see Exhibit 10). Semi-annual water level readings

made since 2006 have never found water present.
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Diocsimant ite

Robinson Fossil Plant Impoundment Operation

Doaumenl nuemiber

QPS-RFPC-00014

apehas . Robinson Fossil Flart - Carclinas

wapwords:  operations

Leqend: . L Organizational Applicability

OP5  Operations OPS | ENG | WMT [ TRN i ENV | FiN | ICT | ADM
ENG  Enginesring X ] H
WMT  Work Management

TRN  Trainkng

EMY  Enviranmental

FIN  Financel

[CT  Combusten Turkvine
ADM  Administraliva

1.0 PURBCSE

1.1 Provide instruction for controlling impoundment level and stream flows.

20 TERMS AND DEFINITIONS

NMone

3.0 RESPONSIBILITIES

hone

4.0 PRECAUTIONS AND LIMITATIONS

None
5.0 PREREQUISITES

51 Impoundment Operation is of extreme importance due to the mandatory requirement to
supply adequate cooling water at all times to the Plant and due to the obligation to supply
adequate water to downstream users.

5.2  This procedure is to be followed as necessary te maintain proper impoundment tevel,
stream fiow, temperatures, and comply with Water Pollution Control Pemmits.

5.3  The Q&R Superintendent or the Plant Manager is to be notified of changes in the status of
Rebinson impoundment flow and level contro! (such as opening Howell-Bunger valves or
Tainter Gates).

l— OF3-RFFC-00014 Rav. 3 ((9/04) Page 1ef16
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6.0

7.0

7.1

7.2
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MATERIAL AND SPECIAL EQUIPMENT

None
PROCEDURE

NCEMAL LEVELAND FLOW CONTROL

7.4.1 The spillage aver "A" and "B" Tainter Gates wilt maintain proper downstream flow
when Rohinson impoundment levels are bebween elevation 220.7 and 221.5 feet
mean sea level (MSL).

7.1.2 The normal downstream flow has a daily maximum tempetrature imit of 33°C.
{91.4°F} measured at the gauging station incated at 5C Highway 23 bridge.

7.1.3 The daily maximum temperature limit is a 24-nour average.
7.1.4 The discharge from Rokinson Impounkdment Spillway during the months of June
through September may need mixing of cocler water from "B" Howell-Bunger Vaive

to assure this temperature limit is not exgeeded.

LOWER THAN NORMAL LEVEL AND FLOW

IMPORTANT |

If the lake level decreases to 220.7, netify the RNF Control Room.

7.2.1 WHEN Robinson impoundmaent level falls below 220.7 feet MSL, either "A” or "B”
Howell-Bunger valve shoutd be opened enough te maintain a downstream flow of
approximately 65 CES, measured at the gauging station located at 5C Highway 23
bridge. NOTIFY RFP and RNP shift management when the Howell-Bunger Valves

are requirad.

7.2.2 WhenRabinson impoundment level is between 220.0 and 219.0 feet MSL, the
dawnstream flow should be maintained at approximately 30 CFS, measured at the
gauging station located at 5C Highway 23 bridge, using either "A" or “B” Howell-
Bunger Valve.

7.2.3 When Robinsen impoundment level reaches 219.0 feet MSL, Section and
DepatmentManagement will be involved in desisions involved in spillway operation,

COPSRFPC-000T4 Few, 3 (Do) Page 2 al 16
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7.3 Higherthan Normal/Fiood Conditions

NOTE !

NOTIFY the RNP Superintendent of Shift Operations and Plant Manager if and when the
Tainter Gates are opened.

REFER to procedure RFF Fossil Power Plant Ash Pond, Cooling Lake, and Dam Emergency
: Notification {EMG-RFPC-00002).

7341 If Head flow exceeds 750 CFS and Lake Level is above 221 2 ft., INCREASE Tail

Flow discharge rates to equal Head Flow supply rate, NOTIFY the Q&R
Superintendent or the Flant Manager.

7.3.2 If the Head Flow reaches 900 CFS and the Lake Levels still rising, NOTIFY the
O&R Superintendent and the Plant Manager whe will in turn notify Unit 2 Plant
Manager,

7.3.3 When the Tail Flow Discharge Rates reach 800 CFZ notify the RNP Emergency
Preparedness Group. Refer to EMG-REPC-00002.

7.3.4 When the Lake Level reaches 221.5 #. and the Head Flow is greater than 900 CFS,

MAINTAIN the Lake Level between 221.5 to 221.65 #., utilizing the Spillway
Equiptment.

7.3.5 When the Tail Flow Discharge rate reaches 1180 CFS, NOTIFY the O&R
Superintendent and the Plant Manager

NCGTE

0&R Superintendent with concurrence of the Plant Manager can change the Lake Level or
discharge rates depending upenHydrologicat Conditions.

74 TESTING

7.4.1 Both H-B valves are to be opened fully and both Tainter Gates partially operated
{raised approximately one inch} once per month.

7.5 SPILLWAY OPERATION QF TAINTER GATES

NOTE

i Prior to performing this {ask, 2 Pre-job Briefing is requirad.

Prior to operating any of the Spiliway eguipment, PERFORM all pre-start checks.

7.5.1 An Operator needs a lpck valve and the gas engine key for aperation purposes.
QPS-RFPC-O00w ey, 3 (02/04) I Page 2 ot 16
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Requirement of two operators, one for operating the equipment and the other to

have visual contact of the chains and gates.

7.5.3

To raise the Tainter gates electronically, DEPRESS the raise button for that
particular gate, To lower the gate, DEPRESS the lower button for that particular
gate.

NOTE

' When clesing the Tainter gates electronically, da pot rely on Limit switches to be made.
REFER to the red reference marks on the shroud and chain for proper indication that gate
is closed. This will prevent damage to the chain caused by over travel.

7.54

7.0.5

756

7.5.7

758

When operating the Tainter gates via gas engine, you must first RELEASE the
rmotor brakes.

After releasing the brakes, OPEN your gas supply valve from ane of the tanks and
start the gas engines.

After selecting a particular Tainter gate, ENGAGE clutch in the raise position to start
raising the gate.

Once desired position is reached, DISENGAGE clutch.

To lower the Tainter gate, ENGAGE ¢lutch to lower the position.

NCTE

There are ne limit switches with the gas engine engaged or disengaged. Disengage clutch
when red reference marks on chain and shroud atign to prevent damage to chain caused
by over travel,

l

.58

Before stopping gas engine, CLOSE supply valve from gas bottie in service. This

willallow gas in lines to exhaust and engine shut down then RE-APPLY electnc
motor brakes.

76 RECORDS

7.6.1

782

Log in the RERP Shift Log and Controi Operator's Lags ali valve and gate position
changes, recording the time and the new position.

In the event that the continuous temperature recarder(s) are inoperative for periods
in excess of B haurs, manual temperature observations shall be obtained at a

frequency of not less than ance per four hours at approximately equal time
increments.

CpS-RFPE-0aGi4
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101

10.2

11.0

1.2
1.3
11.4
1.5

1.6
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7.6.3 Upoan notification that the Weir discharge temperature is out of service, VERIFY that
the backup is operative. If the backup recorder is out of service, the Y5l (s to be
used to measure the Weir discharge temperature. This instrument 1s located in the
REP Lab. During normal working hours, the lab personnel will OBTAIN the
necessary readings. On night shift and weekends Gperations personnel will
OBTAIN, LOG, and ROUTE the necassary readings to the RFP Lab.

7.6.4 BEE Attachment 1 for the authorized discharge tempetatures from outfall number
401 (Discharge Canal Weir Temperature Monitar),

RETURN TO NORMAL

Maone

DOCUMENTATION

MHone

REFERENCES

EMG-RFPC-00002, Fossil Fower Plant Ash Pand, CoolingLake, and Dam Emeargancy
Motification Procedure

RNP PLP-023, Environmental Regulatony Compliance Responsibilities, NFDES Discharge
Temperature Compliance Plan

ATTACHMENTS/FORMS

Expected Spillway Valve [hscharge Rates "A" Spillway Valve Only (Attachment 1)

(Attachment 2)

Expected Tainter Gate Dis¢charge Flow Rate (Attachment 3)
(Attachinent 4)
{Attachment 5)

WEIR Discharge Temperature Limits {Attachment &}

OFS-REFC-H0014 Rev. 3 [09:0d] Fage 5 of 16
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ATTACHMENT 1: Expected Spillway Valve Discharge Rates "A" Spillway Valve Oniy

Expected Spillway Valve Discharge Rates
"A" Spillway Valve Only

Lake Level ! CFS | CFS |CFS | CFS | CFS | CFS | CFS | CFS | CFS | CFS
222 50 | 87 128 | 196 | 223 | 242 | 257 | 266 | 270
221.5 49 | 86 | 126 | 163 | 194 | 221 | 241 | 255 | 285 | 268
221 49 | 86 | 124 | 163 | 100 | 220 | 240 | 252 | 264 | 268
220.5 48 | 84 | 124 {960 | 186 | 210 | 238 | 251 | 262 | 268
220 48 | 84 | 123 | 160 | 1B4 | 218 | 238 | 250 | 260 | 267
Valve 10% | 20% | 30% | 40% ( 50% | B0% | T0% | 0% | 50% 100%
Cpening

“A" Spillway Valve Open 100% Plus "B" Spillway Valve

Lake Level | CFS | CFS | CFS | CFS | CFS | CF5 | CFS [ CFS| CFS | CFS
222 314 | 362 | 398 | 430 | 458 | 482 [ 500 ] 840°] 519 | 525
2215 310 | 381 | 305 | 428 | 454 | 480 | 489 509 | 517 | 524
221 300 | 350 | 380 | 426 | 450 | 478 | 497 | 507 | 515 | 23
220.5 308 | 358 | 3066 | 424 | 448 | 474 | 495 | B804 | 612 | 521
220 308 | 354 | 385 | 422 | 446 | 470 | 480 | 502 | 511 | 620
Valve 10% | 20% | 30% | 40% | 50% | 60% | 70% | BO0% | 90% (100%
Qpening

OPS5-RFPC-00014 |_ Reww, 3 (0O004) [ Fage 6 of 16
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ATTACHMENT 3: Expected Tainter Gate Discharge Flow Rate

Expected Tainter Gate Discharge Flow Rate
{Gate Raised)

Gate Raised- One Gate Two Gates
Inches
1 260 680
2 400 a00
3 445 1000
4 485 1085
5 510 1270
8 &00 1375
7 6585 1600
B 733 1700
9 750 1750
10 765 1780
11 825 1800
12 935 2070
15 1125 2500
18 1300 2865
21 1500 3250
24 1700 3625
a7 1825 4000
30 2030 4375
33 2240 ! 4750
26 | 2400 5100
OP5-RFPCLEI014 v, 3 [O2004) Pepget of 16 |
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ATTACHMENT £: WEIR Discharge Temperature Limits

WEIR DISCHARGE TEMPERATURE LIMITS
{Daily Maximum}

Month Limit{ = F)
Decernber - February Q0.0
bdarch 2.0
April 100.0
Maxy 1040
June - September 1z
October 1{:80
Novernber 100.0
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Extracted from Progress Energy Report
Lake Robinson Spillway Tainter Gate Inspection - Dated 12-19-07

Lake Robinson Spiliway Tainter Gate Inspection Fage 1 ol 10
Attachment A
Tainter Gate: A{East)
Inspector: Winston Stew? ommy Bragwell {TWA - QC Inspector
Date: 12-04-07 thru 1206-07
Weather: Partly Sunny to Sunny {J0°F to 65°F)
West Frame
Member Type Web [ Flzmpe Commenis
ty [tnh |t fimk
1 Wo12xS0 Kl =N 10r% rusl blogm amohe wall side Aange: aximum Y loss of melal on boliem ineide f]angr.
FS W 1ix72 TG 11/14 Bl bloeen over ateach of the wall side fanpe (max. 1052 loss of meral at givder cannesiiont
3 W 12x72 i [ 11114 Rouzt Blogn aver much of the wall side {1ange with no sigaifizant damaee
d 110x254 516 1 S00% average loss of metal on the entite length of wall&ide flange
5 11 0x25.4 31 12 Zutisfeiory  blasrand paint
[ Wolox13 I8 56 Bastksfagiony — hlagl and paint
1 W 10x33 1/5 ‘Lé 0% rust Tl on the wall side flange and woeb (max. 17327 less of metal)
g C 10x15.3 14 Ta Localizt pusl s 1015 Loss incide Nange, /32" wall side flange; 10086 mst dloom L32™ lows on wisb
o C 10x15.3 14 it | ¥ gt bl on thes wll sids Aaages with 1132 max lass of meotal
L] L 242 5 516 SarisToctory — hlast and paint
i1 L 2Wx2k x 514 Sarisfaciony — blast and paine
12 i L 22l X 514 Smisfoctory — blost and oan
13 ] Ly x 818 Emisfacrony — blast and pant
East Frame
Kember Type Web | Flange Comments
L. (in) fr{in)
1 W 1Izs0 k1] B Sarisfactory — Blast and paint
1 W 1ksTi Tile 1116 | Satisvaclery — Plast and paint
3 W 2xT2 b 11146 SatgTacriory — blasr aod pailic
4 I1gt25.4 16 12 SavisTactoey — blase and pratng
4 I 10x25.4 EA I 112 L0 sl Bloom on he wall gide Eange with max 11337 metal lose
& W a3 /8 i [ 10H%% cosL bloamen the wall gide Nange and wi'b fmax. 174" loss of metal)
7 W 1033 1 i [ Zwigfagtory — Brasrand paim
i C 10x]1&3 14 Tl Smisrncgny — blas: and paiac
3 C 10x153 14 TG 100%5 rust Bloc s va rhe wall side flange with max 1032 metal lass
10 LTxdt x 816 1 00% rugt Blons for emiee Lenpeh with max 1787 matal Loss
1] L 2vixdvix 5/16 Saristacigry — Blast and paint
12 L 2%ix2¥ix 3lé Surisfactary — Blast and paint
13 L 2Vix2l x 5TLE SacisTactory — Blast ang peaine
Girders, Ribs and Truss
Mlomber Type Yeh Flange L omrments
iy (0] LI
14 W Eixldl 5K 1516 1.oealized rusz an the dgwnstrean east cormer with 1'32 avernpe [uss of oetal
15 WRGnlss | 1316 | 1-38 | Sarisfaciery — blag and pain
18 W exlds [ 1316 1-3'3 SatisTackore — blast and jain
Yertical C 15x33.9 W5 S Several Tecaiitog with severe rust with max 50% lass af downsiream flangss
Rib [erph
verdeal L4xdx 33 Satisfactory — blast and paind
Truss {ovp)

*See Pages 4 thru 10 of this attachment for maore detail and for the condition of the
connections {gusset plates and rivets { bolts)
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Extracted from Progress Energy Report
Lake Robinson Spillway Tainter Gate Inspection - Dated 6-16-08

Lake Robinson Spillway Tainter Gate [nspection Page 1 of 10
Attachment A

Tainter Gate: A (East Gate}

Inspector: Winston Stewart / Jimmy Dale Smith (TVA — QC Inspector)
Date: 01-29-08 thru 02-01-08

Weather: Partly Sunny to Sunny {(30°F to 63°F)

Wast Frame
hleriber Type Web Flange Comments
1, [iT] 17 [in)
i 1w 12x50 ki) 35 Bl Bloent over pooch of rhe walt side fonee (max. A6 boss of recral an bgiiom inside flanme -sposh
1 W llx72 Tilh 1116 Ruse blaom over rouch of the wall side Banee wilh oo signficant damage
3 W 1ix72 TG 11! 1% Rzt Blaar aver much of the wall side Fanee wilk oo significant damage
L] [ 10x25.4 414 i 5% average loss of owelal on 1he ootire length atwall side flangs
5 T10x235.§ 516 112 Smizfacigry — Blagt and snine
] W 10x33 174 £ [ Lwisfactare — blase and mamd
i Ll [kl 115 BN 1 Hatisfactory —blast end paint
5 C 105153 1/4 6 Fusl bloam aver much of the wall side flange {max. 332" lass of metal on 2t seccion of flange)
o 102153 1.4 & Satisfaciony — blasi and paint
1t L I¥rathy x 5186 Saticfzotony — blasi and paiat
11 L I¥tazhe x 816 Satisfactory — blast and pairt
12 L Mixdhix N4 Satisfactory — Blast and paint
11 L Yy x Si6 Satzsfaciany — blast andypaint
East Frame
Member Type Wweh | Flange Commenls
I {ln} e tind
1 W 1Ix50 3 5 Sanislugipry — bing: nad pain
2 W lIxTd T4 117146 | Saisfucoory = blas and paine
3 W ls1l e 116 | Sarisfacipny — blas and paint
4 1102254 g 1r2 Raristaciary — blas and paint
5 110:254 518 172 110%ub blonm on thewall gide flanges with max 30317 on 2 £ seetion of flange
o W 133 1§ 516 Farigsacrocy — bilwst and pain
T WOllks33 1'G Si16 Sacsfaciony — blast and paint
[ C 1153 1d Wle Ret blesomn on 3 B poflion af wall side flange with max L™ metal Loss
Y Clusi | 1« Tl Ruse Blaom on 2 b partion of woil side flange wish tmax L2227 imstul loss
14 L2k 5 5116 Basisfoclary — blas and zaim
11 Lo2Mxdld s 54 Emis facigny — blast and paint
1} [ 24xilax 54 Smis Facrory — blast and paiat
13 L%l x Ble Smisfictory — blasi and ]'.-:Linl
Girders, Ribs and Truss
Member Type web | Flange L onactients
fu (in) |k {ind
14 W 3Ixldy B 1516 Sarisfacgny — blast and paint
15 b 1 e B 1316 1-3:8 Sartkiaciony — tlast and a1k
14 W Ihn2ds 131G 1-3/9 BatizTaclary — blast and wa:m
Yerticul C 153330 ha 518 Several Tocalicn: with severe rust wilth max 30% less of downsteeaut flangss
Rib (ovp]
Vertjeal Ldedx )4 Satisfactory — blast and paint
Truss (typl

*See notes on Pages 3 thru 10 of this attachment for more detail and for the condition of the
conneclions {gusset plates and rivets / bolis}
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Photographs — Cooling Lake Dam and Discharge Canal December, 2010
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Photograph 2:

Photographs by J.A. Tice
April 13-14, 2010
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Photograph 6:
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Photographs by J.A. Tice
April 13-14, 2010
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Photograph 1:
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Page 6 of 21

Photograph 11:

Photograph 12:

Photographs by J.A. Tice
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Photograp 14:

Photographs by J.A. Tice
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Photograph 16:

Photographs by J.A. Tice
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Photograph 18:

Photographs by J.A. Tice
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Photograph 21:
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Photographs by J.A. Tice April 13-14, 2010
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Photographs — Cooling Lake Dam and Discharge Canal December, 2010
Page 13 of 21

JWI‘ Y

‘! = \\*

Photograph 25 - ' Photograph 26:

Photographs by J.A. Tice April 13-14, 2010
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Photograph 27

Photoraph 28:

Photographs by J.A. Tice April 13-14, 2010
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Photographs by J.A. Tice April 13-14, 2010
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Photograph 32:
Photographs by J.A. Tice April 13-14, 2010
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Photographs by J.A. Tice April 13-14, 2010
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Photograph 36:
Photographs by J.A. Tice April 13-14, 2010
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Photograph 38:
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Photograph'39:

Photographs by J.A. Tice April 13-14, 2010
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Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 1 of 10

orth Pond dike.

Photograph 43: Crest and exterior of northern extension dike at North Pond.

Photographs by J.A. Tice
April 13, 2010



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 2 of 10
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Photograph 44: Crest and i W 0 Pond dike.

Photograph 45: Crest and sothside of searating dike between North and South Ponds.

Photographs by J.A. Tice
April 13, 2010



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
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Photograph 46: Limited freeboard ¢ w d pear ash line discharge.

Photographs by J.A. Tice
April 13, 2010



Photographs — Ash Pond

Photographs by J.A. Tice
April 13, 2010

Photograpﬂ 48:

e

Interior slope of

Photograph 49: Rip rap at Darlington County Plant water discharge pipe.

Robinson 5-year Inspection
December, 2010
Page 4 of 10




Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 5 of 10

X

Photograph 50: Rip rap in good conditia W : h Pond dike and northern
2xtension dike.

Photograph 51: Exterior of South Pond dike. Note good vegetative cover of slope and
drainage ditch adjacent to dike toe.

Photographs by J.A. Tice
April 13, 2010



Photographs — Ash Pond

Photographs by J.A. Tice
April 13, 2010

Photograph 53:

Exterior slope and rock toe of North Pond dike.

Robinson 5-year Inspection

.

December, 2010
Page 6 of 10



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010

Page 7 of 10

Photograph 54: Rock toe and rip rap blanket at culvert outlet near north end of North
Pond dike. .Note lack of erosion.
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Photograph 55: Local spot in Nor-th Pond dike robk toe — soil slope where slight loss of
material. Typical of conditions addressed as necessary by Plant.

Photographs by J.A. Tice
April 13, 2010



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 8 of 10

Photograph 57: Rock filter aroundah basin over pipe outlet o discharge riser.

Photographs by J.A. Tice
April 13, 2010



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 9 of 10

Photograph 58: Standing water adjacent to 0 graphic low area. A normal
condit ot related to seepage.

Photograph 59: Ash discharge line.

Photographs by J.A. Tice
April 13, 2010



Robinson 5-year Inspection
Photographs — Ash Pond December, 2010
Page 10 of 10
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Photograph 60: Vertical riser and s

approximate
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Photograph 61: Outlet end of discharge facility. Stormwater from Darlington Plant also
discharges from this pipe.

Photographs by J.A. Tice
April 13, 2010
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Doc 05: Law Engineering Design Report — Modifications to Ash Pond Dam

H. B. Robinsion
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1.0 PROJECT DESCRIPTION

11

12

13

Location: The Robinson Ash Pond Dam is located at approximately north latitude
34° 24’; west longitude 80° 9, about 8 miles northwest of the town of Hartsville,
South Carolina. The dam is owned by CP&L, 3512 Lakeside Drive, Hartsville,
South Carolina. A map showing the location of the dam, the county name, the state
roads, the access to the site and the outline of the reservoir is included on the plan
cover sheet.

Dam: The existing Ash Pond Dam is an earth structure with a vertical concrete riser
and pipe spillway. The dam has a crest elevation of 267.1 feet (msl) and the top of
the riser is at elevation 263.87 feet. The pond is separated into a northern half and a
southern half by a separator dike. The riser structure is in the northern half of the
pond. Under the present operation, ash tends to settle out in the southern half, and
little ash or water is impounded in the northern half. The portion of the dike south of
the separator dike has mostly sedimented ash against it with little water.

The existing dam is used to create a storage area for ash transported in slurry form
from Robinson Unit No. 1. Sedimented ash presently occupies much of the storage
capacity.

No construction easements are necessary as CP&L has the right of eminent domain

Downstream Conditions: The dam lies about 800 feet west of Lake Robinson. The
area between the dam and the lake is wooded, uninhabited and mainly owned by
CP&L. A spur line of the CSX Railroad leading to the Robinson Plant crosses the
area between the dam and Lake Robinson. CSX owns the land under the spur, a strip
about 100 to 150 feet wide. The proposed modifications will not encroach on the
CSX property. Failure of the dam could cause damage to the railroad, but no loss of
life. A low hazard classification is appropriate for the dam.

1.4 Proposed Modifications: To provide for increased ash storage capacity, CP&L

proposes to raise the crest of the existing dam by approximately 5 feet, to elevation
272 feet (msl). The maximum height for the modified dam will be 32 feet, and the
storage volume will be 630 acre feet for the 55.2-acre impoundment area. The
modified dam will continue to serve as an ash impoundment. Based on the planned
height and storage capacity, the modified dam will be a small dam under the South
Carolina definitions.

The work will include placing earth fill on the crest and downstream side of the
existing dam, extending the existing riser structure and providing a grassed drainage
swale on the north side of the pond to route stormwater flows from the adjacent
Darlington Plant past the Ash Pond. As part of the project, but not part of the dam,
the existing separator dike between the north and south sections of the pond will be
raised and shortened. Small saddle dikes will be constructed around the edges of the
pond to protect existing transmission tower foundations from the higher water level.
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Design Report Ash Pond Vertical Extension
CP&L Robinson Plant Hartsville, South Carolina
Page 2 of 7 October 19, 2001

The existing ash discharge lines will be relocated to the surface of the new dike
slope.

Work is planned separately by CP&L to modify the discharge of the adjacent
Darlington Plant’s oil-water separator so the increased pond level does not prevent
proper operation of the oil-water separator system. That work is not part of this
application, and does not affect the dam.

Design plan drawings with technical specification notes accompany this report.
2.0 DESIGN CRITERIA

2.1 Watershed: Based on USGS quadrangle maps, the contributing watershed area is
398 acres. The watershed outside the existing ash pond is comprised of mainly
wooded area with sandy soils of high infiltration capacity. Approximately 25.6 acres
of the watershed is occupied by CP&L’s Darlington Plant. Storm water from the
plant areas where oil spills or leaks are not likely to occur is collected through inlets
and piping and routed around the ash pond. Therefore, the watershed contributing to
runoff into the pond is 375 acres.

Information provided by CP&L shows inflows into the ash pond in addition to
rainfall runoff are 1.58 million gallons per day from the ash disposal and 70,000
gallons per day from the Darlington plant. For purposes of analysis, these flows were
added to the rainfall runoff as a base flow of 2.54 cubic feet per second (cfs).

2.2 Geology: The site is in the Coastal Plain. Hydrogeologic studies conducted in
conjunction with the Robinson Unit 2 licensing indicate about 30 feet of recent
alluvial sands and gravels underlie the ash pond area. These surficial deposits
overlie Upper Cretaceous sediments of the Middendorf Formation. The Middendorf
Formation consists of interlayered sands and clays with some slightly cemented
layers possible. Information from the Unit 2 FSAR describing the ash pond area
hydrogeology is included in Appendix A.

2.3 Seismicity: Studies conducted for the nearby Robinson Nuclear Power Plant
concluded that a design earthquake horizontal acceleration of 0.1 g was appropriate
for the area. Active faults are unknown in the area.

2.4 Construction Materials:

2.4.1 Soils: Sandy soils from nearby borrow pits are expected to be used for
the extension. Samples were obtained and tested for classification,
Proctor compaction, permeability and shear strength. Test results are
included in Appendix A. The soil has a friction angle of 39° (total stress)
and 33° (effective stress). The permeability of a sample compacted to 96
percent of the maximum dry density was 6x10™ cm/sec.

Ash from the dry stack area or the sedimented areas within the existing
pond is planned for use in parts of the expansion of the separator dike
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Design Report Ash Pond Vertical Extension
CP&L Robinson Plant Hartsville, South Carolina
Page 3 of 7 October 19, 2001

and the saddle dikes. The properties of compacted fly ash, based on
testing of ash at other plants, are assumed as a friction angle of at least
32° and a permeability of less than 10 cm/sec.

2.4.2 Riser: A precast concrete section is planned for extending the existing
concrete riser.

2.4.3 Miscellaneous: Rip rap, geotextile, and geogrid materials will be used
for slope protection, stabilization and drainage swale lining.
Requirements for these are shown on the drawings.

3.0 FOUNDATION INVESTIGATION

3.1 Exploration: Four soil borings were made in the existing dike to confirm soil
conditions. The boring locations are shown on a plan included in Appendix A.
Standard penetration tests were conducted at routine intervals in the borings. Boring
records showing the soil descriptions and test data are included in Appendix A.

3.2 Subsurface Conditions: Profiles and cross sections showing the general subsurface
conditions are included in Appendix A. The existing dam consists of dense, fine to
medium sand interlayered with clayey silt and silty fine sand. The upper three to
four feet of soil on the slope face is looser. The natural ground below the dike is also
firm to dense sand. Laboratory grain size distribution tests on selected samples are
included in Appendix A.

Water-level observation casings were set in the borings to allow checks for the
phreatic surface. At the time of the exploration, no water was impounded against the
dam. No water was encountered in any of the casings. A check made in August,
2001 also found the casings to be dry. The sandy soils below the pond and dam are
very permeable. These permeable foundation soils allow downward infiltration; thus
creating a low phreatic surface. Visual inspections of the dams in 1995 and 2000 did
not see any seepage emerging from the slope or toe of the dam.

4.0 DESIGN ANALYSIS

4.1 Stability: The stability of the proposed modifications was evaluated using circular
arc failure surfaces and a random search pattern. The modified Bishop method of
analysis was used in the program STABL-5. Soil properties from the laboratory tests
were used. Initial analyses showed that an internal drainage system would be
necessary to keep the phreatic surface lowered. For the sandy soils expected as fill in
the exterior slope, a high phreatic line and the 2(H) : 1(V) slope do not have
satisfactory factors of safety.

The original dam section included a gravel toe drain. When the dike was raised inn
1982, the piping was placed to route any flow from the toe drain into the discharge
piping. The gravel toe drain will provide some internal drainage, but for the new
section, a separate drain blanket is proposed as described in Section 4.3.1. For the
internal drainage layer, analyses show a minimum factor of safety of 1.59 for the
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static condition and 1.26 for the earthquake condition. These are considered
acceptable. Calculations for the stability analyses are included in Appendix B.

Because the fill soils are sandy and have no cohesion, local, shallow sliding of the
surface of the exterior slope is indicated by the computer analysis. The existing
slope which has a fair grass cover, has not shown indications of such sliding.
However, to provide resistance to sliding in case new vegetation is slow to become
established, the exterior portion of the slope is proposed to be reinforced using
geogrids.

4.2 Hydrologic and Hydraulic

4.2.1 Design Basis: Based on the size and hazard conditions, the dam is a
small dam with a low hazard rating. According to South Carolina
Department of Health and Environmental Control (SCDHEC), such a
dam must have a spillway capable of passing a 50-year storm event and
maintaining at least one foot of freeboard above the peak flow level.

4.2.2  Design Approach: The hydrologic design was done in general
accordance with procedures outlined in the North Carolina Erosion and
Sediment Control Planning and Design Manual, published by the North
Carolina Department of Environment and Natural Resources, Land
Quality Section in December 1993. Hydrologic routing also used
material from published notes from Course CE 383 by Dr. Rooney
Malcolm of N. C. State University, 1994. Calculations are included in
Appendix B.

4.2.3 Rainfall Event: A 50-year, 24-hour storm amount of 7.5 inches was
taken from published charts. The peak intensity of the 50-year storm
was taken from charts for Wilmington, North Carolina as 2.5 inches per
hour. The Wilmington area charts are considered conservative for the
Hartsville area.

4.2.4  Outflow Conditions: The existing discharge from the pond is through a
48-inch diameter (ID) concrete pipe riser connected to a 36-inch
diameter (ID) outflow pipe under the dam. The outflow pipe type
transitions to HDPE at a manhole near the toe of the dam. The existing
pipe was installed in 1992 by boring and jacking below the existing dike,
the area downstream of the dike, and the railroad. There are no anti-
seepage collars shown on the plans for the discharge pipe. The manhole
does serve as a barrier to flow along the pipe. No modifications to the
discharge pipe are planned; the manhole and the long flow path to the
pipe outlet as noted below combine to minimize potential for seepage
flow along the pipe to affect the dam.

The outflow pipe discharges into an open channel about 120 feet beyond
the toe of the dam with no restrictions to flow. The flow in the outlet
channel goes into Lake Robinson.

LAW

ENGINEERING AND ENVIRONMENTAL SERVICES
3301 Atlantic Avenue, Raleigh, NC 27604




Design Report
CP&L Robinson Plant
Page5of 7

425

4.2.6

4.3 Seepage:
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Analysis: The routing procedure developed an outflow hydrograph based
on the incremental changes in stage, storage, and discharge during the
design storm. The inflow hydrograph was developed for the design storm
using a step-function approximation to the SCS dimensionless unit
hydrograph. The storm hydrograph was added to the inflow contributed
by the plant process. CP&L provided information on ash and wastewater
flows that indicates a daily flow of 2.54 cubic feet per second (cfs). The
contribution from the plant is a very small percentage of the total inflow.
The stage-storage function was developed assuming that the initial stage
would be at the top of a riser at elevation 270 feet msl.

The design storm was routed through the reservoir and outlet structure
using the chain-saw method where the incremental storage required for a
given time interval equals the incremental inflow (runoff) less the
outflow through the spillway. The total inflow amount was taken as the
rainfall runoff plus the plant number for daily wastewater flow. The
results of the analysis are shown on the spreadsheet in Appendix B.

Based on the analysis, the maximum pond level is 1.27 feet above the
top of the riser. In order to maintain the required 1-foot of freeboard
above the maximum pond level, the top of the riser must be set no higher
than elevation 269.73 feet for a dam crest elevation of 272.0 feet. For
purposes of design, the proposed normal pool level is elevation 269.5
feet

The natural soils below the dam are sandy and have a high infiltration
capacity based on observation of rapid rainfall infiltration. These soils
will aid in reducing the phreatic surface through the dam. Using the
conservative assumption of an impermeable base, an approximate flow
net indicates a seepage rate of 6.9 x 10° cubic feet per minute per foot
While the quantity of seepage is low, the position of the phreatic line is
indicated to emerge on the slope of the dam. As discussed in 4.1, under a
high phreatic line condition, the slope stability is reduced to an
unacceptable level.

To provide protection against a high phreatic line, an internal drain
blanket consisting of clean sand with the following properties is
included:

Percent Passing No. 200 sieve - < 3%

Dyssize - </= 2.5 mm.

Material meeting South Carolina Department of Transportation
specifications for size FA-13 fine aggregate is acceptable.
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The drain blanket will be placed on the existing slope after stripping and
brought up with the dike fill. The gradation of the drain is such that no
separate filter layer is needed. Above the original crest, the drain will be
extended upward as a near-vertical chimney drain to within 3 feet of the
crest elevation. The drain blanket is designed to carry at least three times
the calculated seepage quantity. Calculations are attached in Appendix
B.

To protect the exit end of the drain from loss of material, a rock toe is
proposed as shown on the plans. The sand drainage blanket end will be
covered with a layer of coarse aggregate that meets accepted criteria for a
natural filter. Rip rap will be placed over the coarse aggregate. A layer
of geotextile will be placed between the coarse aggregate and the rip rap
for protection against loss of aggregate.

4.4 Slope Protection:

441

5.0 SCHEDULES

The existing sandy soil interior slopes with vegetation have performed
well along the southern half of the impoundment, south of the separator
dike, where little water tends to accumulate. The planned operation will
continue to direct ash away from this part of the dike. Vegetation is
planned as the interior slope protection on this part of the extended dike.

For the dike section north of the separator dike, wave action is possible
as the water collects at the riser end of the pond. Interior slope
protection consisting of riprap over geotextile is planned if the sandy, on-
site borrow soils are used. If off-site clay is used, only vegetation is
planned.

Exterior slopes will be seeded. The existing exterior slopes with grass
have performed well.

5.1 Construction: Assuming plan approval is received in January, 2002, construction is
tentatively expected to begin in mid 2002. Construction is expected to require eight
to 10 weeks.

5.2 Filling: The ash pond will remain in service during the construction period. The last
construction activity will be to place the riser extension. Water level rise to the new
pond elevation is expected to take one to two years based on observation of the
current pond performance.

5.3 Estimated Design Life: The earth and concrete components in the planned design are
estimated to have a design life of at least 50 years. The useful life of the reservoir
for receiving slurry ash is estimated at about 10 years, based on current and projected
coal burning rates.
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6.0 MAINTENANCE PLAN

6.1 Maintenance Plan: CP&L personnel at the Robinson Plant conduct maintenance
activities as needed. Minimal maintenance is expected to be necessary, consisting of
brush cutting as required. Mowing has not been necessary on the existing dam, and is
not expected to be required on the expansion.
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is about 330 fr above mean sea level at Bethune——-the gradient Lo this part of
the coastal plain amounts to about 2.9 fr per mile.," GEecause lake Hohinson is
approxinately IO mlles down dip from Bethune, the static head in the
interfluvial ridges bBoonding Elack Creek should be aboat 300 ft above mean sea
level cor about B ft abowve the maximun lake lewvel (237 ft).

2.4.7.2 Hydroloupgical Test Program

A ptogram was conducted io order te evaluate ground water condlitions in the
vicinity of the plant site. The area of Ilnvestipation included the H. B.
Robinson Plant =site, the ash disposal pend and the area in between. It is
bounded on the east side by Lake Aoblason and on the west side by a line 1500
feet east of and parallel to Highway 151 as shown on Flgure 2.4.7-1.

&5 a part of the Investigation, test borings were made at 18 =ites in the
vicindities of the plant and ash pond. Plerometers were Iinstalled ar each
gite, and at sites Ho. 7 and 13, test wells were constructed for pumping
tesks.

Pumping tests were made at wells, 7, 13, and producrcicn well B at the plaﬁt.
Aleo, permeabllity tests were made In the upper 5-feet of =oil ar the plant
glte and In the ash-dispozal pond.

The results of the Lests reflect the heterogenesus character of the geologic
structures and the low values of veritical peEmeabilities. TraESmissivities
of the aquifers tested range from 1600 gpd/ft® to 40,000 gpd/ft in the desper
zones wherenghe plant wellﬁ are finished., The coefficients of Storage range
from 3 ¥ 10 7 to I.6 x 10 ". Vertical permeabllities In the upper five feer
of soil are In the range of 7.31 gpd/ft~, 1In the ash disposal pond the
vertical permeability of the uppermost laver of ash was weasured, by
laboratery metheds, to be 2.1 gpd/ft and 5.7 gpd/fr in two different
lgcations.

The geogolie section shown on Flgure 2.4.7-7 is typical of the subsurface
conditions at the plant site. This aection includes approximately }Erfeet of
recent alluvial sands and gravels. Delow this is the Middendorf Pormation of
Cretacecus age. It includes sands, silty and sandy clays, saondstones and
midstones. Underlyiog the Middendorf Ferwation ig the preCambrian crystalliae
rocks.

Flgures 2.4.7-3 and 2.4.7-4 are graphs of the pumping test records from walls
7B and l4A. The graphs compare the drawdown of water Iin the wells wich the
time pumped at a given rate of discharge.

The graph of test 7B (Figure 2.4.7-3} indicates the transmissivity of the
screened zone 1s 2050 gpd/ft®. However, after about 25 minutes of punplag,

leakag% from other zones hegan, and the effective transmisaivity becomes 3400
ppd/ft”.

The graph of test shown io Figure 2.4.7-4 shows Fhe drawdown In well 144 thatr
is screened in the same zone but is 290 feet from the pumped well as shewvn in
Figure 2.4.7-5. 7The plotted curve is typlcal of a leaky arteslan aquifer.
Hote thab during the first 200 aminukes of the test, the drawdown prograssed
uniforuly and vefleocted a transmissivity value of 3200 pgpdffc®. Afrer 200
nminutes of powping at 20.3 gpn, leskapge developed, and cthe effacrive

Md} 2o, 7-2

Anondment 1
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Lransmissivity changed tg 11,500 gpdfftz. The permeabllity of this zone is

approximately 194 gpd/fr”,

The transmissivity and coefficient of storage for the deeper aguifer iz

ectimated from a specific capacity test mde on plant well B in

Sep tembe rr,

+

1982. The specific capaciey valuas at various pumping rates, as determined Iy

the test, are 1llustrated in Figure 2.4.7-6. ‘The specific capac
Indicate that the transmissivity of the aguifer should be in the

ity valueg
range gf

40,000 gpd/Ft°, and its ccefflicient of storage 1s approximatley 5 x 107~.

Hich the assugption that the retmeability wmlue of 194 gpdfft2 i

]

representative for the upper aquifers at the aite, the velocity of ground
wWater movement can he compuated. In Figure 2.4.7-7, 2 map of the plezometric

surface of ground water is shown. The direction of ground wmter

flew 1c

normzl to the plezometrie contoure, and 1ts velocity 1s a function of gradient
and permeability. The general flow lines on the map indicete that ground

water moves toward the aszh pond from its morth side and utlimate
Robinson,

1y towartd - lake

The shortest route of travel from the ash pond to the lake fs from the dam - to
the lagoon, a distance of 400 feet. From the md—point of the west bank of
the ash pond, the route of flow 18 rather circiutous, a5 shown o»n the map
(Figure 2.4.7-7}, and 1is approximately 3550 feet in lenpgth, ending at the

discharge canal.

The travel times are computed a2s follows:

dh
V-’-’PH

T .5a

Where : V¥ = velocity, in feet per dﬂy
= Permeability, in gpd/ft

i " gradient, in fr/fy

&:I'

7.3 = gallonz per cabic foot

For shortest route,

¥ = 194 30423
7 ?ﬂgs} = 1873 | g o0 £rp
» n 1.3?5 » E ay

The time required for ground water to travel frow the ash pond t
is approximately 45 days. -

For the 3550-foor route,

REPHE
1.885

7.5 (.25 1.87%

At -4

= 1.00 ftfday

2.4.7-2a

effective porosity, in percent of volume (assuped 25%)

9 the lagoon
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DRILLER:  Carelins Drilling
BEQUIFMENT: CMWE 55

METHOD:  HEA

HOLEDA: 4149
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HAND AUGER BORING SUMMARY

ROBINSON ASH FOND
LAW PROJECT NO. 30720-1-4728
HAND DEFTH DCR DESCRIPTION
AUSER {feet)
HaA-5 0-0.75 Topsoil

0.73-1.5 Dark brown arganically stained fine sand (5P}

1.5-4.0 L.ogse brown fing tp medium sand {SF)

4.0-9.0 - Dense broswn fine to medium sand (SF)
Terminated ar 2.0 feet and no groundwater at time of boring
inatalled 27 PVC well P-3
2" screen 54
Sand 9-2
Bentanite 2-0

HA-& -0.5 - Topsod]

0.5-3.0 - Loase brown fine sand {5P)

3.0-5.0 - Drense brown fine to medium sand (SP)

6.0-5.5 - Dense brown fine sand (5F)

6.5-7.0 - Densze brown fine sand with trace orgames (5™

T0-8.0 - S46ff dark brown sandy clay {CL)}

85.0-9.0 - Dense brown fine sand with toots at 8 {SF)

Terminated at 9.0 feet and no groundwater at time of boring,
Inztalled 2" PYC well P-4

2" screen 9-4

Sand %-2

Bentonite 2-0

Poge I af i A‘E-' e

&1 30




LABORATORY TEST DATA FOR EXISTING DIKE SOILS



Table 1

Summary of Sieve Analysis Tests

LAW Job #30720-1-47 2%

_Bnring Depth N Sand Silt & Clay Uscs
feet bpf Coarse | Medium Fina
B-1 10.5 60 1.3 447 a5 19 5M
B-2 2 23 0.3 332 44 7 21.8 M
B-2 4.5 48 0.4 43.4 426 1318 M
B-2 9.5 B4 0.1 316 551 132 SM
B-2 24.5 12 2.3 24.2 46.5 20 5M
B-3 18.5 52 1.2 34.2 3.6 28 S
B-4 12 24 0.y 207 44.9 a3.7 S
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LABORATORY TEST DATA FOR ON-SITE BORROW SOILS
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EFFECT v

TCT.,
T, wsf 2.5
B, oeqg 381
- TAN 5 C.B
¥ B.OT —
o
(2]
b
&
8 =.oc
=
b
o LA -
) 3.00 .00 . - 9.92C 12. L0 15.00 18 .00
Total Marmal Skrasg, bess f
Effeci ve MNormal S:ress, kst -— -
i | SakPLE MO. 1 2 3
| |WATER CONTENT, % 12.0 1.8 12.0
IE DY JENS . TY, pof 13,2 11* .z 1192,0
P2 |SATJRATICN, = Be.1 €4 B &35
ST vEin maTIO 0.457 D.487 ©.Z04
- .= IDIAVETER, in 2.82 Z2.B1 Z.5Z
b HEIGAT, in .59 5.ED 5.61
v WATER CONTENT, % 18,1 "7.8 8.3
b B 2FY DINSITY, pof mM1.a 11z.8 115 .35
x Ll |SAT RS 10N, &5 1080 1Ga. 0 10da.C
- IF |voie rAT IO D479 0,465 §.484
) © |DIAMETER, i 2.80 z.79 Zz.79
o TOHEIGHT, QN 5.0 .61 5.67
e Balk PEESSLRE, ksf B.01  7.98 7.9%
- SELL PRESSURE . «sf .4 B.94 953
o TAU URE 3TRESS., ksf D.54 “4.02 14 .40
POSE PRESSURE, kof 4.582 3.0 4.°Z
STRAIN RATE, Z/mi-. 0.524 ©.333 2.8
o 5 10 13 20 '"ULTIWATE STRESS, ksf
axicl| Stroim, ® i 2ORE FRESSURE, kef
{2y FAILJRE, «sf 15.71 19.32 20 .18
TYPE OF TEST: = -
. T3 FAITLURE, kaf 3.77 5.38 5.78
Cowit ool presEUres
SAYMPLE TYPFR: LAB-COMPASTED CL ENT:
DESSRIPTION: {wiSual) vELLDW '
RED S!LTv SAND FRC.ECT: CP&L / RCES NSCOM

L= nD FL= N> Pl= §p

SFECIFIC GRAYITTY= 2.%5

REMARKS : WR=MOT DETERMWED.
SPEC . FIC GRAY T .53 ASSUNEC.

PROIJ . MDD 20TF20147485

SoMPLE LOCAT GM: O1-CEI90° : P3IOI3)

0&ATE: Ca-Z9-

! TRIAX AL COMPRESZI 34 TEST

LAW ENGINEER] NG
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TRIAXIAL COMPRESSION TEST B-29-1%:1
CU with pore pressures 14:32 am

g mi sl s e e B— e R A S R B S e e o, s e e Sy sl s Ay i i

Project Data

Project No.: 3072014765 Date: 08-29-01 Deta file: 14756-01
Client:
Proiect: CPiL / RCBINSCH
Sample locaticn: 0Z-0280901: P30(3)
Bample descripticn: (WISUAL) YELLOW REED SILTY SRNC
Femarks: HD=NCT DETERMINED. SPECIFIC GERAVITY IS ASSUMED.
COMPACTED TO 94.5% MDD AT OFTIMIM MOISTURE -0.1%. Fig No.

e e m e e Em e e e e e e e e e o = e e o = = = = e o e e o R o e e e e o o

$§mgle Wo. 1 Data

~ypc of samplec: LAG-COMPRCTED- - - TR
Specific Gravity= 2.650 L= NBY O -PPRL= ND FI=- NI
Sample Parzmeters Bofore Test At Testing After Teocsk
Diamekter, in A .80
Hoight change, in o -0.01
Heignt, in ‘S.5RT 5.ED
Welght, grars ~131.7
Water volume cshance, oo _ -0 .92
Moisture, % L2.0 ) i6.C 16.2
Cry aensity, pcf 119,56 - 11-.%
Saturaticn, % Edwle ¥ 1430.0
Yoid ratic 0:497 Lo 0.479
"t Test~Data
Deformation dial ceonstant= +'1°id per’ input unit
Primary logd »ring ¢eonstant= 0.65017 lbsU -per input unit

Sccondary load ring constant= ¢ 1lbs. per input nit
Crossover reading for secondary icad ring= 0 input units
Rate of strain= ©.804 % per minute =«

Consolidation cell pressure = 38,2, psi

Conaolidation zack pressure = 35,67 -psi

Consclidaticn cifective confining- stress = 0.3888  ksTF
Pezk deviator stress = £.94 kst at reading no. 23

iJlt. deviator stiress = :

Wz, Def oot Lopd  Zaag  Skrain Deviator RL;E;£4ye.5t};sst Porco Poksf 0 ksf
Dial i Tnal 1ks. % SLTLES winor ¥aiar 1:3 Pros.
mikts lirits zsE  kuf ksf  Rario psi
0 @.9370 0.8 15.0 oo 0.0 0,40 0,15 70Ty o nI.g 0.15 0.0e
1 0.7470 0.0Ld 1.0 35.4 0.3 0.41 a.1k L.1% 1.3 558 .1 0.41
2 ¢.05T0 I_0324 23.0  51.3 0.3 1.1 Toai s 2sa s EE.4 Lo 4.55
1 Q_psTD 2.03f 111,48 $2.6 0.5 1.44 ger afiE 3leE mee Lz e
4 8.0774 =.040 12E.8 0 T4l a7 1% 2.88 " ;:ii “3.52 %a.2 L.k .80
& p.0B7d B.080  1:8.3  EG.8 ] 1.57 T Shoga "3sm 8537 1.55 7.59

LAW ENGINEZRING
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w

St Tat . Load Load Errain Dowiacor Effrotive Srrasses Pors P kst 0 kst
Timl i Tiel N ] SbErass Miceo, Major L1:1 fres.
inits Units kgE HeE ksf . Faztin psi

o.abic 2 .0a3 162.4 35.3 1.2 2.30 b I 3.96 4.CL E1.4d —.4al 1.1%
S.LZEC Qo0gm 201,49 1252 L. 2. B% o.98 }.3? 3.45 E_.5 T.a7F 1 a3
J.32556%  F.:1d 237,90 148.12 3.0 .60 1.25- g ﬂ-ﬁb 3.35 0.3 2.45% 1.72
q..75¢ 2.LrL315 267.0 17¢.0 z.E .60 1.31.-' 5;50. 3.37 9.2 2.2C 1.5
a_ 20008 S_L&3 2%7.0 139! 2.5 5.17 118 BT S x| 45,0 .65 2.13
a. 7330 S.213 4ez.0 228.5 1.8 5.13 1 75_ B85 3.9L 461 4.31 2_5E
a.3o3d  S.243 a&pp.d 2859 ¢ .7 9. 75 2.07 Top.an 3 &7 44 .3 §.91 2_B13
a.383¢  S.313 w48.0 231_E6 3.6 .45 2.26 .71 3.4%5 i2.4 C.ida 3.2
a.4H10 S_345 aR3.0 3z20.49 4 E T.02 a. 1% .52 1.4z 41,6 E. 40 .51
a 4573 3 4329 533 0 344.E 7.5 t. 54 a.7] “hEe 350 1%.5 6.50 3.7%
J.2000 463 562.0 3&63.1 4.3 - 2.EZ o7 1 7E ig.5 E.EZ j.a
Q.5334d & B3 5%9.0 393.8 G2 3.1 31.04 .42 4 74 37.2 T2 a. 1k
J. 6039 2 583 676 9 4z4.2 .l g.7] K 1. PR I | 16.2 T.58 A_30
d. 6530 O.B13 GEE.O0 33313 1.0 9. 03 3.113 L1437 1.72 ALz TRG g .57
a.7 033 S BE3 BE:.0 4L1 o 1.8 9,31 3.4% EL 3.69 5.5 E.1L A.6BC
q.7%0a _T713 TOF.0 a&9.1 2.1 3.E35 1.87 llpi? -].Gg 1.5 B.37 4 BO
Q. 8040 o763 TRR.0 AAA.E L:.E B TR 1 ED 187 .65 3z.T E.56  4.EF
J_633d <_BE32 T47.0 235.:% 4.3 9. 23 .77 2370 1.k13 iz.: B.7Ta [ b

LW EMGIHEERING



TRTIAXTIAL COMERESEION TEST g-25-19:1
CU with pore pressures 10:£5 am

Project Data

Erodect Mo.: 3072014766 Date: CA-29-01 Data file: 1476&-01
Client:
Froject: CP&L / ROIIMSOH
Sample logation: 01-0B09C1: P304{3)
Sample descrigption: (WIZUAL) YELLOW RED SILTY SRND
Remarxs: K2=KCOT DETERMIKED. SPECIFIC GRAVITY IS5 ASSUMED.
COMPACTED 70 %5.5% MIOD AT CPTIXUM MOISTURE -0.2%. Fig Wo.

D T T T Tl T B R Tttt T

Type cof =zample: LAR-ZOMPBACTED @ -

Svecific Gravity- Z2.6Z LL= N3 - - PL=-HD BEl= AP
Sample Parameters Befrore Teat Lt Tes:ting Rfter Test
Diametcr, 1in 281 o Z.78
Height change, in . -0.01
Hzight, in - 5LE0 : 5.61
Woight, grams 1134.9
Water wvolume change, cc _ -37.048
Molsture, % - 17.5 15.3
Dry density, pcf c-111.2%- .- - 1123
Saturation, % A 100.0
Void ratic S.487 - 0.463

Deformation dial constant= 1 in per input unit
Primary load ring constant= 0.67774 lbs. per input unit
Secondary lead ring congstant= 0 1lbs. per inpul unit

Crossovor reading for secondary load ring= 0 ircwut urlts
Rate of gtralw= 2.823 % per minute - -

Congolidation cell pressure = 62,1, psi

Consclidation backx pressure = 35,47 psil

Congolidation effective corfining stregs = (_.9548  x<sf

Focak deoviator stress = 14.52 xsf at reading no. 24
U_t. deviator stress = PR .

o, Jef. Def. Load Load Scyain poviabor Effective EL'L'__;ESEE.S Pora P Rl 0 kst
Tim. in [F The . T Shrens Mipar Muj-:h.:' 2.1 Pres.
dmace TnLica waf ksE =5t Eacio ps:
< 2.9030 9._.4d0 13.0 ] 0. 0.0q 0.9E C-;S'E.- 1.00 B5.4 G. 549 0,93
1 9.al3 ad.4d 93.0o 5.2 0.2 L.213 0. &8 2.1% 2.1E =L 181 0.4
i DL.GERET QD20 145 .0 az.& 0.4 k] 0.85 1""’.'3. .27 ] 1.61 0.5E
i D.9323 1.030 1£5.4 a9, 0.3 2. 132 a.58 3.3% 3.52 55.7 2.08 1.16
4 @.gafdp p.pag 187.2 113.G a.1 2. E7 0.88 77 288 -1.4% Gt .2 2.13 1.3232
& 0.I802 <I.0582 20B.5 123 1L G.5 3.0% 108 7 L] I:E-'-'ﬂ- 54.5 Z.55 1.30

“LHWIEEGIKEERIEG
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14

16
an
1E
i3
20

22
2k
21

Ref. DeF | Loz Load  Shkrmin Deviater cffrckive Srrassas Pe-e B kst

Zial in Lzal l1kE. ) Sryagyg Minar Major  1:3 fres.
Uil s wniks ksf kst kst Ratiz psi

2 0750 0,075 f38.3 l82.© 1.3 .37 132 5.1 31.2%5 C:.a 1.1
S3.1600 0.104 IGE.S 1%5.3 .5 4.u9 1.E54 62;5 -1 51.32 .67
2,136 p.12E 2B2.4 ¥3%.7 2.2 B2l 1.7 5 643 3.8z 4nT 418
2.1300 B.15% 333.% 253.3 T 5.52 2.c0d J.82 3.3l ah.3 6. %]
0.1750 0.175 4324.0 281.3 i1 £.q3 2.11 .62 31.499 a4 .5 5. &0
q.23g0 5.201 «71,4 3I&.13 1.5 E.37 2.33- .9.315 3.3z £3.5 5. Ef
9.,2500 0,3 343.0 335.1 1.5 B.oL 2.75 1W.7s 3.9k 431.C 5.7
0.3310% S350 E12.0 420.3 5.a B.95 .10 “12.34  2.34 an.G T, E1
d.35058 &.31R] ETE .0 dac.é E.2 b E4q 5.43 15.27 31.87 13 3 E.315
.50 2,427 723.9  sd..2 .1 15,55 .72 14,26 3.E4 4.3 E. %0
04503 3.451 732.0 515.4& E.G 11.24 .87 15.47 3. .BZ 1. E 4,37
a. 5300 H.501 42% 0 Esg.1 9.5 11.74 G342 15.46 3.7E 22.4 10. %4
Q.3505 9.55] 448.0 375.4% 4.8 12.25 q1.9% 16.65 3.76 1.3 rD.E8
0.6240%  T.630 46,0 8al.z  1o.7 1z.67 .64 1 17,31 3.7 .8 2p, 97
J1.8500 0.ESQ 541.9 524.9  z:.& 13,04 5. 82 17.95 3.71 237 11.133
0.7G02  o.70d 175,90 §ad.5 2.9 13.21 . 37 . 1.2 3_CGE x1.5 1L.52
0.750% 5.7331 L3L3.0 L4E.9 3.3 13.:4 .12 Ag. 7 4 .6BE o3 1.
d.83Rd LSO 13309 535,30 24,3 13.57 C9=13 19.,1% 3.64 256 L2.1%
0.B39% .31 13S53.0  REE.T 15.3 4.0z 5.36: T19.38 3

G2 24 .5 12,37

LW ENGIMEERING
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Frojecs Daza

Project Xc.: 3072014766 Dacte: 08-2%-01 Data file: 1a7a66-01
Clientc:
Projest: CE&L / RORINSON
Ssample location: 01-580%01: P204{3;
Sample descripticn: (VISUAL) YELLOW RED SILTY S&ND
Kemarks: ND=NOT DETERMINED. SPEC_FIC GRRVITY IS8 ASSUMEL.
CoOMBACTED T2 %4 5% MDD AT DFTIMUM MOISTURE -0 1%, Fig Ngo.

Sample Ho. 3 Data

Type of sample: LABR-COMPACTED

Specific @ravity= 2.65 LL= KD - ' P?L="KD PI= N

Sample Parameters Befcre Test At Testling hfter Test
Diameter, in Z.82 : Z.74
Height change, in -0.01
Height, in S.EL E.E2
weight, grams 112%.7
Water volume change, cc -f2.81
Molsture, % 1z2.0 18.3 16.4
Dry densgizy, pof 11368 111.5
Saturation, % 3.3 y 1co.0
Vold ratio 2.54- 0.484

- Test Data
Deformation dial constants= ‘1 in per inpuat unit

Primary load ring constant= 0.67%5 1lbs. per Zmput unit
Secondary leoad ring constant- £ 1lbs! per input unit
Crossover reacling for secondary leoag ring= o0 i=znput anits
Raze of =mtrain= (.801 % ver minucte: - '

Consclication cell pressure = £8.6 oSt

Tonsclidation back pressure = 5505 Dpal

Consclidation effective confining stress = 1.8864 ksf
Peax ceviator stress = 14 .40 ksf at reading no. 23

Ulz. ceviatocr stress =

Ho. Dt nef . Lerad  Toed  Stradin dowviatar Effoctsre Stresses  parc I ksf O kst
ial in Dial Ibs. % Srresa Mipor ©°° Mator 1731 Pres.
Unice Uniks w5t kst 5L Ratio psi
£ 0.0090C 0,200 22,0 G_i a.i oote . 488+ 1’88 1 d¢ ¢ LEE 1.a% a_0d
1 0.gi0f 0.816 1250 6%.E 7.2 1. E4 1A 4.36 1.95  SE.4 I.E5 G493
2 g.0200 0.32¢  187.0 1if.6 2.1 z. 184 .42 263 7.2 Fo43 1.3%
1 4.0300 0 03 ad.0 153.: .5 I.E0 1.E4 £:22 3.8 E7.2 141 1.7%
4 ¢.0400 d_04c 2B1.0 176.B LT 4.12 1.73° 5.2 2,35 ' 53§ 1s L.DE
& o.0s¢¢ [.0SB I1E.0 18E.G c.u 4.62 1L.g3 *© 5.4 1.5% 53.% 4.14 .3

LAW ENGIKEERIKG



. Lef. Cad. Load Toad Srrain Deyiacor ffective ETresges Pare P kst DO msE

Liel n JiaZ 1hs . x Strucs Hinor Majmr 1.3 Frus.
it ] L E e 4 =sfF st kst iaktiz psi

E 2.7 C.275 375.0 23%.2 1.3 5.24 2 lc. T.Ed 3 .A4 ti.D 3.497 277
7 Q.3d0% b.Lén air.0 2TE.4 1.4 &.34 2_34 E.7T 5.70 La.z 5.35 5.149
a4 0.123% L.i25 sEZ.9  Fii.7 .2 T.1% d.51 9076 375 3¢5 E.1l48 1.2
2 2.1503 2.LE0 E2T.0 421 a.n .32 2. 82 10UEE 178 43.% £.75 3.31
a1 g,180%  L,LE0 57L.0 XTL. 3 1.2 B .22 .02 2.Bg .3z 27 E 7.39 4.27
11 a.2403 . z00 EO6.Q 3337 1.6 E. 36 .24 ai.20 3.7 451 7.72 Q.43
I3 0d.z501 0 250 574.0 adl.7 =.4 9.081 3,86 1.5 L.7% “3.5 B.Eg 4.36
31 ad.33o0:; L.s08 - B R X | 5% 1o, .52 L§.86 3.7 dl.a 5.24 5.37
la  0.3502 L.3i50 TEE.0 5.%.40 6.2 1l.a5 1.2G 15.63 3 .72 194 9.32 5.1 .
15 d.4u0%  .600 ix.0 5S54B.43 T, 11.47 1.4% 5.4 1,70 at.a in.52 5.349
=5 Q.450% L.x50 g76.0 G&57E.& a.c 1.3 4. 55 17,15 >.5% ig6. 3 10,30 &.23%
17 0d.Lap: . G000 Qra.0 &032.9 ] i2.0¢ q.04 17.7d L.&7 5.0 - L | 5.45
2d d.%mb0%  L.550 99%.0 &zg.qa 3.8 13.31 5.0 I A - R I 11. 66 [
19 0.&50% L.650 1007.0 B6T.3 11.6 1. 396 5,31 P T R i1l i2.2a 8. 53
33 4,740 L 700 13210 SE1LAE 1a.5 14,85 S.A% 19.BE0 1. 56 EL 12,47 7.23
1 d.75n IX.750 sz .0 &Gl i 15.149 -1 4.74 3,55 ic.n 12.85 .45
2 9.3306 . 3G0  106%.40  T0R.3 a2 14.249 5.57. %96 3.52 gz i2.42 T.l4
23 02.8a33 Dp.ogax 1C@T.0 0 TEL.S LE.C LY 1A 5.78 20.1E 3.%U 4.6 T 7.29

LAW ENGINEERIKG
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APPENDIX B
CALCULATIONS

SLOFE STABILITY

HYDROLOQGIC ROUTING
INTERNAL DRAIN BLANKET
STORM WATER BYPASS CHANNEL
WEIR DRAINAGEWAYS



SLOPE STABILITY
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HYDROLOGIC ROUTING



HYDROLOGIC SUMMARY

Watershed area taken from CADD compuration of outline on USGS gquadrangle sheet as 398
acres, including area occupied by Darlington Flant.

Storm water from runoft at Darlington is piped and routed so as to bypass pond. Area of plant
from planimeter off quad sheet is approximately 23 acres, deduct from watershed, leaving 375
acres for pond contribution,

Watershed is composed of sandy sails with woods,

Analysis is by methods in North Carolina Erosion and Sediment Control Planning and design
Manual, with routing by chain-saw method of Dr. Rooney Malcalm, as presented in his course
nates from CIL 383, M. C. Sate University, 1993,

Subsequent to analysis, it was learned that CP&L has guantified the Darlington Plant area as 25.6
acres. The small difference is inconsequential to the hydrologic analysis, and no corrections were
made.
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Apperdices

® =

Estimating peak rate of runoff, volume of runoff, and soil lass ams basic (o the
design of erpaion and sedimenlation conmol facilines.

There are many methods of determining manoff. Two acceplable methods, the
rational method and the Soil Conservaion Service (SCS) peak discharpe
melhod, are described in Lthis seron.

The rational method is very simple in concept but relies on considerabls
judgment and experience io cvaluate all [ewrs propecly, Ttis used primarily for
sl drainage areas {less than 50 acres). The SCS method 1s more sophistcared
hydrologically and ofTers a more accurate approximation of runoff, partcularly
for arems larper than 2 acres. Choice of method for small areas depends
primarily an the experience of the desipner.

Rational Method

The rational formula is:

Q= CiA

where:
. = peak rate of ronodl in cubic feet per second (cfs).
C = runoff coefficient, an empincal ¢coefficient representing the
relalionship between rainfall rate and runoff rate.
average intensity of cainfall in inchesfhour, for a storm duraticn
vsed for s0O- il Equalgm the time of concentration, Te.

“hoom Te=  time of concentration, in minules; the estimated tme for runoff
to flow Erom the most remote parl of Lthe walershed to the point
under consideration. I consists of the ol Bime for overland
sheel Now and concentraled flow {channel and/or pipe ow),

A= drainage ares in acIes.

The general procedure for determining peak discharge using the raunnal
formula is presented below and illusmaled in Sample Problem 8.03a.

Step 1. Determnine the drainage area in acres.

Slep 2. Tetermmine the runalf coefficient, C, for the rype of soilfcover in the
drainage arca (Table §5.03a).

If the land use and spil caver is homogenous over the drainage ard, a G value
can be delermined direcfly from Tahle 8.03a. If there are multiple sail cover
conditions, a weighted averapge most be calcalated, or the area may be

subdivided
Step 3. Deowermine the lime of concentration, Tg, for the drainage area {i.e., the
' time of flow from the most remote point in Lhe basin 1o the design point, in
minuies),
ke -
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Use nomograph To [or nalural basins with well-delned thannels, for overland
lyw on bare eanh, and for mowed-grass roadside channels.,

¥ Therelore t Tes 2 4 55 i

For averland flow, grassed sufaces, multiply Te by 2, = 1O miu

For overland flow, cencrete of asphalt sudaces, mulliply Te by 0.4,

For comcrete channels, multiply Te by Q2.

Flgure 8.0da Tirng of concentration of small drainego basins.
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\iethods exist in large variery, Perhaps the most detailed are the computerized warershed models
such as HEC! of the Corps of Enginesrs and TR-20 of the Soil Conservation Service. For smaaller
watsrsheds, the methods of TR-33 are useful (5CS, 1986). Desktop methods, such as
unit-hydrograph synthesis, are described in most hydrology texts. Many of these require a heavy

invesument of time and effort in field data gathering and data set preparaton. Such precision may
=0t be justified for small factiides and carly feasibility studies.

Small-Wartershed Hvdrograph- Formulation Methed

The author has proposed 2 method for use in routine design of small systems and for feasibilicy
studies and site selecton studies of targer warersheds (Malcom, et al, 1986). A variaton of the
method was adepted for use in design of facilities in the Houston arca {Harris County, TX, 1984).

The method is based upon the observation that there are three imporrant aspects of the
hydrograph en which the design will depend. These are the peak discharge, the volume of water
under the hydrograph, and the shape of the hydrograph. Separate decisions may be made regarding
these. and the hydrograph will be determined. The necessary decisions, and the author's
SUgEestions are:

{. Accept as a paneém funcdon a step-funclion approximaton [0 the SCS dimensionless
unit hydrograph (see McCuen, 1982, for 2 listing and discussion). The siep-functon
devised by the author is

For 0 <1t<€125Tp

QP [ eoefit -
Q== [l CUS(TPH =
For t>1257Tp
O = 434 Qp ex [ 1.30 —I—'l (it-2
Q Qp exp {TP] ‘
in which
Qp = Peak discharge of the design hydrograph

Tp = Time to peak of the design hydrograph, measured from the fme of significant rise of

the rising limb to the doe at which the estimated peak oCours

¢ = Time of interest at which the discharge is © be estimated.
The argument of the cosing is in units of radians.
The volume of water under this hydrograph is, in consistent units,

Yol=1.39 Qp Tp (II-3)



expecied range of water level variation in the reservolr, the ol gutllow cownsTeam of the dam s
computed for cach value of stage, and sage versus total discharge is ploned,

YWelrs

Most popularly, two kinds of weirs are used -- sharp-crested and bread-crested weirs. For
bath, the basiec equabon 15

Q=CwLH " am-11)

where:
¢ = Discharge (cfs).
Cw = Weir coefficient (dimensionless). See sketches below,
= Length of weir {f1), measured along the ¢rest

H = Driving head (ft), measured vertcally From the crest of the weir 1 the water surface at
a point far enough upsiream to be essentally level.

The weir coefficient depends on the conditions that exist at_Lhe crest. Tor sharp-crested weirs,

the value of Cw is theoretically 3.33. For broad-crested weirs Cw is 3.0, Forthe case of the fres
overfall, use Cw = 3.0, A useful reference is King, 1963,

H + etvconl
D . II:_ '-"-Lr{'uﬁ"icrfpf.{,

_D_'_\"IE\H 177 .

R

Sharp-crested weir Broad-crested weir Free overfall

G, =333 G, =30 G, = 3.0

Figure 14 Schermnadc sectons through weirs.
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Omfices

The hasic squation for erifices is:

Q=CDAJ2gh (QI-123
whers:

Q = Discharge {cfs).

Cp = Coefficient of discharge (dirmensionless). See below.

A = Cross-sectional area of flow at the orifice entrance {sq f1).
a = Acceleraton of graviry (322 fi/sec2).
h = Drivinghead (ft}, measured from the centroid of the orifice area to the water surface.

An idealized sketch of a culvert under inlet conmrol illusTates the orifice application

Y

* 1

ol Z

Q

e g
,.’EE_.A\_JI-".'-..- .
PRS- Py P

T T Z_ T ﬁ A
=
Figure 1I-5 Schemagc section through an crifice.
Table -2

Values of Coefficient of Discharge, Cd
Engance Condinon Cd

Typical default value
Square-cdged ¢enoence

Concrete pipe, grooved end

Corr mtl pipe, mired to slope
Corr mul pipe, projectng from fill

mummg
— 2t WD

Source: These values were back-calculated from the inlet-con ol culvert-capacity chars of
Exhibits 11 and 12 for HW/D =2. | Cop o
& u\_ll;}a*;. ond ATt Yot o Dl FlF.L [T AT
-1t o
Rz - | L



The orifice equarion applies only when the arfice is submerged. When the water surface is
below the top of the pipe, a useful approximation of the behavior can be obtained by assuming
discharge o < praportional to the three-halves power of depth and fitting the expression 1o the
orifice result at full depth.

The following is a sumumary step function of stage-discharge for a cuivert under inlec conmel
amanged for use in commonly encountzred units:

'E-Jn_'. [ II.'E_, FU'T'
For
A,
E Ll
z; I f/ ;e For
Wl - #/
(7 = O.4ES tﬁ-ii:f' (E « B - 5.1}5!) 'Q= [efs]
Z » EL D = {in]

The stage-discharge function

Capaciry Charts of the Federal Highway Adminisranon
{16 illustrates the differencas likely o be experienced with the function and chart. While the
be large, thers is usually no significant difference betwsen the Two versions in

Figure
difTerences appear to
routing results.

Z=E1 fal-13h
Q=0
Ei<Z (g~ Ea}
Q = G.372Cp D (Z - EiPR
L {-P:__— + Ei}
_ 2 AL72
0 = 0.0437Cp D [z-ﬁ--e.]

Z =[]

Ei=[ft] SeeFigure -5

for pipes under inlet control can be obtained using the Culvent
(Sas Exhibits 11-14 and FHWA, 1983).
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The typical case to be routed involves combinatons of the fundamental orifices and weirs. The
composite stage-discharge funcnon can be prepared by applying the fndamental relationships to the
outlet components and combining the results as the system behaves. Frequendy encouniered cases
are the ovenopped roadway at a culvert, and various combinadons of pond spillways, incloding the

riser/barrel spillway.

Cutvert and Overtopped Road: The case of a pipe or pipes under 2 road or dam is illust ated in the
schematic section of Figure III.7. For upsmeam water lavels at or below the crest of the weir (1op
of road), oudlow is compuzd for the pipe acting under inlet control. After the crest of the weir 15
ovenopped. the outflow below the facility is the sum of the fiow through the pipe and the flow over

the broadcrested weir. Thes for any UpSIPeam Watet level, the cutflow can be derermined.
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Filter Design 175

tn & deep trunk sewer in Seattle, Washington, s tremendous cavity
formed in the soil above it, causing a major repair problem. Piping
1§ & common cause of failure in overflow weirs, sarth dams, reserveirs,
and other hydraulic strustures {Chap. 1}, Whenever filters and drains
are tequired for the contrtol of seepage and groundwater in relation
Lo siructures, they should have a high degree of resistanee to piping.

Gradirg of Droinage Aggregates to Control Piping

To prevent the movement of erodible soils and rocks into or
through filters, the pore spaces between the filter particles should
be small encugh to Lold some of the larger particles of the prolected
materisls in place, Taylor (1948) shows that if three perfect spheres
have diamelers grealer than six and one-half times the diameter of
a smaller sphere {Fig. 5.1}, the smaller spheres can meve through
the larger. Soils and apgregates are always composed of rargez of
particle sizes, and if the pore spases in filters are amall enough to
hold the 85% size {Dg) of adiacent seils in place, the finer soil
particles will also be held in place (Fig. 5.1b). Fxceptions are gap-
graded soil and soil-rock mixtures (Sec. 5.3},

Bertram (1940}, with the advice of Terzaghi and Casagrande,
made laboratory investigations at the Graduate School of Engineering,
Harvard University, to test filter critecia that had been supgested
by Terzaghi; he established the validity of the following critenia for
filter desipn:

D”{ﬂ}f ﬁl[-EI_} Dtb{ﬂf ﬁ]t-ﬁ]'}
Dgs{of s0il) Dyfof soil}

The left half of Eq. 5.1 may e stated as follows.

Criterion 1. The 13% size (D), of & filter material must be not
tnote than four or five titnes the 85% size (53,,) of a prolested soil.
The ratio of I3,; of a filter to Dy, of & soil is called the piping ratie.

The right balf of I3, 5.1 may be stated as fallows.

Criterion 2, The 15% size (D..) of 4 filter matkerial should be at
least four or five times the 15% size (D;) of & protected snil,

The imwent of criterion 2 is to guarantec sofficient permeakility
lo prevent the buildup of large seepage forces and hydrosiatic pres-
sures in filters and drains. This criterion iz discussed in detail in
See. 5.4,

The wark of Bertram was expanded by further experiments by
the TU. 8. Army Corps of Fngineers {1941} and the T7. & Bureau
of Reelamation {Karpoff, 1955} and others. Frequently some require-
mentz in sdditien Lo ¢riteria 1 and 2 are placed on the grading of
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e
CONSTRUCTION PRDDUCTS INC.

Material Property Data Sheet -

CONTECH C-BONW Nonwoven Geotextile

CONTECH C-RINN it 2 poypiopyiens, gepe Foet, needie Punkned TRrten gche e,
The fibers sre needled to form & stable network that retain dimensfonal stability refaiive to
each other. The geatextile is rasistant to ultraviolet degradation and to biological and
chemical environments normally found in soils. CONTECH C-80NW meats the
requirements for a Class 1 Permanent Erasion Contral geotexdite and Stabilization
geotextile. CONTECH C-80NW conforms to the properly values listed below’ which have
been derived from guality control testing.

MINIMUM AVERAGE ROLL VALUES?

PROPERTY TEST METHOQD English Metric
Physical _

Waight ASTM D4533 6.5 ozfsy 220 gim?
Thickness ASTM D5198 70 mils 1.778 mm
Mechanical

Grab Tensile Strangth ASTM D4632 205 tbs 912 N
Grab Elongation ASTM D4632 a0 % 50 %
Punciurs Strength ASTM D4833 110 lbs. 490 N
hMullen Burst ASTM D3T85 350 psi 2413 kPa
Trapezoidal Tear ASTM D4533 85 ibs. 378N
Hydraulic

Appareni Opening Size (A0S) ASTM D4751 B0 US 5td Sieve 0,180 mm
Permiltivity ASTM D4491 1.50 sac 1.50 sec”
Permeaability ASTH D441 (.38 cm/sec Q.28 cmisec
Waler Flow Rate ASTM D4491 110 gpmifi? 4482 fmin/m®
Endurance

Uy Resistance ASTM D4355 T0% 70%

(% ratained afler 500 hours)

HOTES:

' The propery values listed above are effeclive 11/08/89 and are subjecl to change willhout natice,

2 yalues shown are in weaker principal direction. Minirmum average rolls values are calculaled as the typical

minus two Standard dewviations, Statistically, it yields 2 97.5% degree of contidence that any samples
- taken from quality assurance lesting will exceed e value repored.
&
e,

Rom-Woven Dala Shests - Minlmum Averzge Rall Valoae.mpw.doc Aenisad FAD0
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Appendix A
Doc 06: Safety Inspection of H. B. Robinson Steam Electric Plant

Cooling Lake Dam and Ash Pond Dam

H. B. Robinsion
Progress Energy Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report



PALDENTIAL, CENTER, BOS TON, MASSACHUSETTS 02199 » TELEPHONE BiT.282. 3000

|MAIN| CHAS. T. MAIN, INC.
1803
September 27, 1985 2866-20-1000

SUBJECT: H. E. Robinson Steam Flestrie Flant
Dam Safety Inspection

Mr. A. B. Cutter

¥iee Frealdent

Carclina Power & Lipht Company
P. 0, Box 1551

Raleigh, HC 27602

Dear Mr. Cutter:

MAIN is pleased to submit thls report covering cur inspectlon
of your H. B. Robinson Steam Electric Plant cooling lake dam
and ash pond dam. The inspection of the project was conducted
during the period 4=-6 June 1985. The gssistance of your staff
and plant perszennel in obtainlng project data {a gratefully
acknowledged.

411 structures Lnspected were found to be In good condirion
except that minor comcrete spalling has asccurred 2t the maln
dam splllway. Further, some riprap replacement upatream of
the spillway 12 reguired. The only significant EFinding was
that the standby moter for operating the project talnter
gates was not operatiomal at the time of the inspection.

It is recommended that this unlt be replaced with a standby
electrle generator. To lngure that the standby equipment 18
operational, 1t 1s recommended that the unit be lgad tested
annually by lifting one gate gslightly.

411 findings and recommendatlons presented in thils report have
been made by the undersigned independent of the owner or his
representatives., If you have any gquesticns concerning the
conrents of thiz report, I would be pleased to discuss them
with you.

Very truly yours,

CRAS. T. MAIN, IN/Wj
ek el '

Y A

Alton P. Davis, Jr., PF.E.

Project Manager

AFT/lam

Encl.

NEW YORK, NEW YORK « BOSTON, MASSACHUSETTS » CHARLOTTE, NORTH CARDLINA « PORTLAND, DREGDN
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1. SUMMARY

1.1 Purpose apd Scope

As part of lts on-golng dam safety program, Carolina Power & Light Company
{CPsL) conducts independent dam safety Inspections of its projects at flve
year intervals. This report presents findinge of the June 1985 independent

consultant dam gsafety lnspectlon of CPEL H. 3. Roblnson Steam Electric Plant

dam.

The scope of this inspection has been as generally cutlined for a Phase 1
dam safaty inspection in thEICﬂfPE of Engineera publication "Recommended
ttuidelines for Safety Inepection of Dams.” The H B Eobingpon Steam Electrie
Plant facilities include 2 main dam, splllway, ash pond dam and cooling
water canal. A review has been made of pertineat available geclogic and
englneering data as well as avallable design, construction and operaring
information for the critical project featurea. A detaliled wisual Inspection
has been made of the crltical water-retaining fagilitles relative to
stabllity, operational adequacy and safety.

1.} S8ize Classificacion

The size claggification {s determined by the height of the dam or the
maximum storage capacity, whichever givea the larger slze category.

The H B Eobinson Main Dam I3 55 feet hligh and has a maxlmum storage
potential of 55,500 acre-feet at the crest of the dam, Appendix D.

An intermedlate size dam is from 40 to 100 feet in height or from 1,000
to 50,000 acre-feet in maxioum storage capacity in accordance with 0U.5.
drmy Gorps of Engineers "Recommended Guidelines for Safety Inspection of
Dams.” The H. B. Robinson Dam {s therefore classified as Intermediate

Eize based on both height of dam and maximum storags capaclity.
The Ash Pond Dam 1s 20 faet high and has a maximum sterage potential of

510 ascre-feet at the crest of the dam, Appendix U. A small aslze dam is

lasas than 40 fesr in helght or less than 1,000 acre-feet In maxlmuam
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atorage capacity. The Ash Pond Danm Ls therefore classiflied as seall

aize hagsed on both height of dam and wmaximum storage capacity.

1.% Hazard Potential Classificaticn

The H. B. Rohinson Main Dam ig a Class "C° daa according to the system
adopted by some states such as North Carclina or a "Aigh Hazard Potentlal
Dam™ in accordance with the system adepted by the U.5. Army Corps of
Engineers in "Recommended Guldelines for Safety Ipspection of Dam.”

Class "C" or High Hazard Potential vefers to the potential for dJamage or
loss of 1life ln the event of a dam fallure for aoy reason and does not
iafer that-the dap is unsafe. The H. B. Robingon downatream chaonel is a
meandering, heavlly forested natural channel. There are numerous occupled
houses adjacent to the channel which could be damaged by fallure of the
dam with resultant risk of loss of life. Two ocrupled dwellings are
located less than 1,000 feet downstream of the dam. 5State Righway 1623
would be closed. Falilure of the H. B. Roblnson Dam could result in cascade
failure of the Prestwocd Lake Daw 5 miles downatream at Hartaville,

South Carolina.

The Ash Pond Dam 1s a Class "A" or Low Razard Potential dam. The Ash
Pond Dam downstream channel enters a cove which is part of the plant
cooling water canal after cresslng a rall aspur used to deliver coal for
Unit Wo. 1. Failure of the Agsh Pond Dam would temporarily close the
rail spur and ash released from the pond could partially block the

coollng water canal.

1.4 Concluzlicna

1.4.1 The H. B. Robinson Main Daw 1s adequately designed, adequately
constructed and in good conditlon with no dips, sags, slumps, sinks or
other evidence of distreas. The upstream riprap is sound and the

downstream grass cover is well estahblished.



1.4.2 The project spillway is adequately designed and constructed.
The spillway ean pass the PMF avent with adequate freemard, Hove=
ments of up to Z-inches have been observed at the upstream and down=
stream spillway retaining walls which support the embankment f£1l1.
These are cogmon movements for cantilever retalning walls of this

helght, however, the movement ghould be monitorad to detect any C[renda.

L.4.,3 The splllway gates and primary hoists are well maintained and
performed properly when tested during thtis inspecticn. The standby
gas motor drive urmit intended to operate the gates during a power cut-
age was not functlioning properly at the time of the Inspection. This

unit should be repaired or replaced.

1.4.4 No annual tests or Tegular operations of the gplllway gates have
been conducted eince the 1980 independent consultant inépectinn. Thea
gates were fully tested and overhauled in 1382, Such Eeats should be

conducted annually using the recommended standby cperator.

1.4.5 Riprap has been displaced upstream of the epillvay tralning walls.
This riprap should be replaced with heavy stones to prevent future dia-

placement.

1.4.6 The concrete under the spillway bridge beam seats has cracked and
this should be investigated and Trepaived Lf required. '

1.4.7 There was no evidence of slides or other distress on the reservolr

shoreline.

1.4.8 The area downstream of the H. B. Reblnsen Dam was dry at the time of

the inspection. The eaat dralnage ditch was flowing as previously reported

but appears to be transporting sediment. The source of thlia sediment should

be determined. The flow inm this ditch should be monitored monthly.

1.4.9 The station dralnage outfall and concrete lined diteh are In good

condition.
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1.4.10 The Flow from the 8-inch tile drain ocpposlte the west aide of the
spillway stilling basin appeared unchanged from the 1980 inspection

report.

1.4.11 Two houses immediacely downsiream of the H. 3. Robinson Dam hawve
artesian wells- Almost all of the cottages along the reservolr east
ghoreline gsimllarly have artesian wells in thelr front yards. The
snurce of this arteszlan water appears to be sandy layers in the founda-
tion =oils confilned by clay beds. Theee artealan water spurces wera
detected at or below elevation 140 and 104 at the dam. These conditions
present no problem except if uncontrolled flow cccurs at Lhe gurface

where material traosport could oceur.

1.4.12 The ash pond dam is adaquately designed and constructed far ica
intended purpese. There g a good grass cover on the downstream slope
and thare is oo aign of dips, sapgse, sluops, sinks or other evidence of

distress.

1.5.13 The ash pond dam spilllway was designed for a ten year return
period storm on a 70 acre drainage basin. The lmpact of a one half PMFP
avent should be evaluated considering the drainage area of approximately
600 acres. The downstream tailroad, cooling water canal and the impact
on Unit 1| cperabion should be evaluated. It 1s likely that the dam

could resist limited overtopping durlng such an evant.

1.4.1% The ounefall for the ach pond dam droap inlet splllway could noc be
located due to sediment depositiom. The ourfzll should be located and
derermination should be made if storm water can be routed through the
drop inlet and conduit without overtopping the dam.

1.4.15 The project cooling water canal dikes, side slopes and discharge

gtracture are in good condition.
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1.5 Recommendatlona

1.5.1 Wall movement zonitoring should be established on the gpillway
upstrean and downstraam training walls. For the first year, monthly

readings should be taken to establish any annual cycles of movement.

1.%.2 The spillway gas driven standby motor should be repaired ot
replaced.

1.5.3 Spillway gates should be tested annually using the standby

maLor.

1.5.4 The cracked concrete under the splllway deck beam seats should be
removed and replaced. Annual inspection of the new concrebe heawm seats

is recommended.

1.5.5 The displaced riprap upstream of the apillway structure shoeuld be
replaced using the next larger class stone.

1.5.6 The east dralnage ditch flow should be monitored monthly and the

gource of observed sediment transport determined.

1.5.7 The ash pond dam should be evaluated to determine 1f it can safely
pass up to one half of a PMF inflow event on its 600 acre dralnage basin.

Limited overtopping cof the dam zhould be allowed under this exireme event.

1.5.8 Tha ash pond dam spillway outlet showld be located and determination
should be made if storm water can be routed through the drop inlet and

condult without overtopplng the dam.

1.5.9 Visual inzpection of the H. B. Robinsen Dam, splllway a2nd ash pond
dam should be conducted monthly to detect any cracks, slumps or new
seepage. All inspections should be recorded in a log book with key
observations aoted. Any unusual findings should be reported immediately

to a deslgnated engineer for evaluation.
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2. PROJECT DESCRIFTION

Thies eectlson is extracted from a repott gentitled "Safery Inapection of
Cosling Lake Dam and Appurtenant $trTuctures, H. B. Roblnson Steam Electrie
Plant,” by Mr. William L. Wells in Fovember 1980. The suhbsections on Che
Ash Pond Dam and cooling water canal plus scme miscellanesus notes have

been added as part of this inapectlom.

2.1 Project Location and Descriptiocn

2.1.1 Llocaticno

- ¥
The H. B. Robingon Steam Electric Plant is located at 34°=-24" north
latitude and 80°=9" west on Black Creek in Darlington County, South
Carulinﬁ. adjacent to State Highways 1623 and 151, about flve miles
aorthwest of Hartsville, South Carelina, Plate Mo. 1. Tha naarest town
is Pine Ridge, South Carolina, Plate No. 2. The project {s owned and
operated by Carolina Power & Light Company.

2.1.2 Description

The origlnal plant and cooling lake were completed in 1960. The original
plant (Unit Mo. 1) 1s a 182 M4 coal-fired unit. During the perioed 1966

vo 1970, a second unit was constructed. It 18 a 700 MW nuclear unict.

The maln dam ie about 4,000 feet long and has a maximum structural helght

of about 55 Feet. A gated concrete coverflow splllway i3 provided near

the pld streambed of Black Creek. The lake Impounded by the-dam 13

about 7.3 miles long In the north—south directien and has an average width
of about 2,500 feet. At the normal water surface alavation of 220 feet msl,
the surface area of the lake is 2,242 acres. Approximately one mile nmovth-
west of the plant, there is an ash pond dam approximately 1,800 feet long
with a maximum structural helght of approximately 20 feet. A drop Inlet

structure 1s provided as a eplllway for the ash gond. The pond haz a
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surface area of 55 acres at crest level znd a storage capacity of approxi-
mately 410 acre—-feet nf ash. A cooling water discharge canal conveys
condenser cooling water from the plant te a point approximately 4,2

milea up the lake where the water {s returned to the lake for cooling-

2.2 Gaalogy of the 5Slte

2.2.1 General

The sife lies in the coastal plaln of South Carclina, approximately

15 miles southeast of the Pall Zene. In the general vieinity of the
aite, aurficfal deposits 5 to 30 feet thick, consistiang of eand and
clay, overlie Upper Cretaceous sediments of the Tuscalogaa (Middendorf)
Pormation. The Upper Cretaceous sediments are approximately 460 feet

thick and rest unconformably upon the c¢rystalline basement of Pre=
Cambrlan and Paleczolc Age.

The surficial materials at the slte are sands and clays derived frow
the Tuscaloosa. It 1s difficult i{n most parts of the area to dis-
tinguish the surficial materlal from the weathered Tuscalcosa. The
Tuscaloosa conslsts of llght colored feldspatic and slightly micaeous
quartz sand and red, purple, gray, and brown silty gand and clay.

Some layers have been cemented into semiconsolidated sandstone. The
gsand and clay beds are lenticular and grade laterally into one another

and pinch out withia comparatively short distances.

The Tuscaloosa 18 a permeable formation and, In several areas of the
Coasral Plaim, vields up to 2,000 gpm from individual wells. Ground-
water occurs under both water table and artesian conditions. During
the 1385 inspection, a latge number of arteslan wells were observed
2long the east shore of the reservelr. Two artesian wells were observed
downstream of the dam along State Highway 1623 next to the downstream
river channel. These are all helleved to derive from below 2 confining

clay layer at asbout elevatlen 140Q.



From a geologlcal standpoint, the Tuscaloosa iz conslidered to be an
unconaolidated sediment. However, from an englneerilng polnt of view,

the marerials are firm and compsct, ranglog Io texture from a hard or

compact soil to a soft rock.

2.2.2 Seiswielicy

The selismicity of the site was thoroughly invastigated by several experts
in the fleld of seismology In connectien with Lhe iicensing of the 1970
nuclear unit. Studies were made by Dames & Moore (2}, Drs. 1. L. Sruckey
and L. L. Smith {3), Dr. Perry Byerly {4), Dr. George W. Housner {53, and
by the Savannah River Oparations Dffice of the U.S5. Atomlc Energy Commision
(6). Conclusions reached from theae studies are summarized as followsa:
Only one earthquake of inteusity ¥V or greater hae ever been recorded within
500 miles of the site, This shock nccurred on October 26, 1959, near HecBee
with an iatensity of Modified Mecalli ¥I. the epicenter was located about
15 mlles from the site.l The estimated i{ntensity at the slfe was abour ¥.

The eplcenters of two othar shocks are located within 160 miles of the
site. The epicenter of the 1913 earthquake in fnien County MM VII-YITI)
was approximately 90 miles from the alte and that of the 1945 Take Murray
ghock (MM YT} was approximately 70 miles distant. Damage was slight in

both eplcentral areas and uonmexistent at the site.

The 1886 Charleston eaTthquskes occurred about 120 miles frem the site.
Damage was confined to the epicentral area and it is unlikely that in=
tensity at the site exceeded VI for the largest Charleston shock.
While the aforementioned shacks were probably felt in the locality of
the site, no damaging effects were reported. The applitude of ground
motion at the site would not cause damage Eo z2ny reasonably well bullt
srructure. In addicion, the site is located in Zone 2 according to
Corps of Engineers Regulation ER 1110--2-1806& dated 156 May 1983
"Engineering and Design: Earthquake Design & Analysls for Corps of
Engineers Projects.” Zone 2 has a potential for 0.10 g earthquakes.

Feme ? is characterized as a zone of light earthguake actlvity which



would result in only minor damage. Therefore, on a historical baals,
it would appear that the site will not experience demaging earthguake
motion during the life of the facilities. The sediments underlying the
site are quite thick and apparently undisturbed. Active faults are

unknown in the area.

The selsmic dealgn criteria adopted for the nuclear Inetallation are aa

followsa:

Deaign Earthquake - Maximum horizontal ground acceleration of 0.1 g with

a vertlcal compenent of 2/3 of 0.1 g.

Hypothetical Farthquake - Maxigum horizontal ground acceleration of 0.2 g

with a verical componeat of 2/3 of 0.2 g.

2.1 Design of H. B. Robinson Dam

2.3.1 Ganarsl

The dam was designed by and constructed under the eupervison of Ebasce
Services, Incorporated of Hew York. It ie en eacth dam approximately
4,000 feet long, having a maximem structural height of 55 feet and a
paximun hydraulic head of about 40 feet. A gated overflow spllilwvay 1=

provided near the location of the old creek bed.

2.3.2 Specific Zite Condirions

The site was explored by Eustis Engineering Company of New Orleans by

means of 50 undisturbed soil borings, 103 wash borings, and 2%3 auger

borings. Shelby tube samples of clays and piston tube samples of sands
were obtalned from the undisttubed sodl borings. The wash borings were
made for the purpose of tracing ocut the locatlien, thickness, and extent
of clay deposite In the foundation of the dam. These were found to be
mostly lenticular and erratic. A relatively thick and extensive layer

of clay was found near Blevation 1753. The spillway structure is founded



on this layer and the dam tied to thia layer for underseepage control.
The auger borings were made for the purpose of locating sultable borrow

material for the dam.

Since the dam 1s located gn the Tuacaloosa formation, which was known to
be highly pervicus in part, one of the first conslderations was to evaluate
potential water losa through the reservole rims and abutments of the dam.
For this purpose, two deep boringe were made in{tially on the east and
west valley ridges at points well above the proposed lake elevatlon of
220 feet msl ro evaluate groundwater conditions. DH-~1 was made at a
location on the east ridge about 1,000 feet beyond the east end of the
dan. The ground surface elevation was 274.00 feet and the water table
wag found at Elavation 221.00 feet. DH-7 was located on the weat valley
ridge at a point about 1,200 feet west of the west end of the daw. The
ground surface elevation was 248.1 feer, and the water table wasz found
at Elevation 237.1 feet. HMaterials found {n these borings were moatly
ganda or clayey sands. Exceptionally at DH-1, a atiff to hard clay
stratun was found between Elevaticns 175 aad 156 feet.

Locations of the other borings are shown on Plate No. 3, a plan of the
dam, splllway, and plant area {Ebaaco Drawing Fe. G=158001). 1lage of
the borings in the plant area are ahown on Exhibit 2 (Ebasce Drawing
Mo. G-157%88%. It may be noted that a stiff to hard ailty clay stratum
was found in this area between approximately Elevatifon 170 and 150 feet.
The water table in the area was at Elevation 213 and 215 feet.

The rtesults of the boringa made at or near the location of the dam are
shown in the form of a geolegle proflle and cross sectlons on Plate

No. & {Ebasco Drawing No. G~158004). Az may be1nnted on the proflle,
four deep borings {5, 58, 5C, and 2C) were wade along the axis of the
dam. The underlying stratum of very stlff to hard silty or sandy clay
found in the plant arez between approximately Flevations 170 and 150
feat was also found 1in these borilngs. Boring 5 was located at the west
abutment of the dam, Station 11+95.0. Abour 13 feet of loose fine sand

was found om the surface, underlaln by about 42 feet of very dense fine
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and mwedium sands. At Elevatlion 170.6 feet, the stratuo af very stiff to
hard clay was encountered, hereinafter called the lower clay stratum.
This was underlain by a clayey gand at Flevation 138.1 feet. AL Boring
5=B, the lower clay etratum was found at Elevation 171.1 feet overlain
largely by locse fipe to coarse sand. EBorlng 5=C was located at the
proposed spillway locatlon. The lower clay stratum was [ound at
Elevation 168.7 feet, overlain by alternate deposils of sand and ¢lay.
The water table or plerometri¢ head in these boriogs was at Elevatlon
213.0 feet. Thoae drilled at lower elevations produced large arteslan

filows upon penetration of the lower clay stratum.

From Borlng 2~C along the propoaed axla to the vest, a total of 13 wash
borings were made, as shown ob Plate Wo. 4. All of these were carried to
rhe lower clay stratum at about Elevatlen 1?70 feet. It may be noted that
a very irregular stratum of silry clay was found along this portion of
the dam alignment, generally at about Flevation 190 feat. Tte thickness
was lrregulatr, varylog from 2 feet to as mich ag 12 feet, but it was
apparently continuous. Weat of the laat boring described above {4(),
there was a heavily overgroun swamp extending westward actosa Black Creek
to the splllway location. It was not pogslble to drill in thie area
with the heavy truck-mounted drilling equipment available at the time.
However, drilling downstreae and upstrean of the swampy area was possible
and thie was done. Boring 22, located on the right bank of Black Lreek
upatrean of the axis, encountered the lower clay stratum at Elevarlion
172.7 feet. Boriogs 4 and 4A, located on the lafr bank of Black Creek
dovnstream of the axis, encountered the lower elay stratum at Eleva-
tiens 169.3 and 166.1 feet, respectively. The upper siley clay stra-
tum, hereinafter called the upper clay atratum, was also found in these
borings. AQ arteslan flow was also encountered in these holes when the
lower clay stTatum was drilled through. This flow was likewlse an=
countered in all of the borings which penetrated through the lower clay
stratum and which were located at Elevation 213 or lower. The plezometer
head in the Formatione below the lower clay etratum thus waa at practieally

the same elevation as that of the upper water table iIn the plant area.
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Two transverse lines of holes were also drilled at the dam site, ap shown
on Plate Wa. &. Section A-A was located om the left or east aide of the
creek, as shown on Plate No. 3 and Section B-B was located near the west
abutment. The same conditiens as previously descritnd were Eound. 1t
may be noted on Section B-B that, at Boring 54 located near the atutment,

the material overlying the lower clay stratum is largely sand.

Two poasible borrov areas were alsc exploTed, as shown on Plate Wo. 3.
Oue wag located west of the dam in a search for clay or impervious
matarial. 1t was called the West Clay Borrow Pit, but practically none
was Found within the depth explored, about 13 feet. The other borrow
area was located upstream of the eastern portloen of the dam. It was
called the Bast Borvrow Pit. Agaln, very 1irtle clay was found in the

aagtern ared.

Laboratery tests performed on undisturbed samples removed from the

lower clay stratum at the spillway locatiom tndicated unconfined com-
prehensive strengths varying from 1515 and $415 1lbs/sg. ft. Conasoli-
dation tests on other samples removed from the stratum Indicated a high
degrae of ovetconsclidation. Sandy clays found in the eaat borrow pit
were found ta have liguld limits renging from 21 to 2% and plaacic 1ﬁdices
ranging from 8 to 13

Coefficlents of permeability ino the compacted state varled from 0.9 to

17 x ID'E emfzec, Permeability tests on varleous saoplea of sands removed
from the upper levela of the dam feundation indicated coefficients ranging
from 10 to 1 x 1073} ca/sec. bynamic soll tests performed on the solls

at the site at a later date in connection with licensing of the nuclear

unit indicated only minor strength less under dynamic loading (2).

2.%.13 Design Frovisions

A longitudinal proflle along the axls of the dam and cross sactlong are
contalned on Plate Mo. 5 (Ebasco Drawlng Wo. G-158002). Section AL-AA 1s

a typlcal sectlon of the dam taken 1in the central portion of the valley.

2]



Crest elevation is 230 feet, and the crown width is 15 feer. High water
elevation 1s 220 feet. 35ide slopes are 3:l1 upstrean and 2.5:1 on the
downstream side. A 15-foot wide berm was provided oa the dowmstream

face at Elevaticn 200 feet, where the ground surface was at or below

that elevation. The face of the berm was protected agalnat wavewash
during flood perlods and agalost backwater currents by an 1EB=inch thick-
neas of riprap underlain by 2 inches of crushed stone placed below
Plevation 195 feet. A crushed stone toe drainm, 15 feet in width at its
base, was provided at the toe of the berm. Wavewash protection on the
upatream face of the dam was provided between the creat and Fleaticon 205
feet hy 24 inches of riprap underlain by 8 inches of crushed stome. TFrom
Elevation 205 feet down the slope to natural ground, a 2-inch sand-asphalt
bhlanker was placed for wevewash protection duriag reservoilr filling. A
central vertical core of compacted lmpervious material (clay) 12 feet wide
vas provided from Elevation 225 feet to the base of the dam proper thence
extending downward along the downslbrezm clope of a cutoff trench which, in
the western portion of the dam, extended to the lower clay gtratum at
Flevation 170 feet. The shells of the dam are largely sand. A blanket

of clean, impervioua sand 10 feet thick was placed oa the gurface of the

page of the dam downstream of the vaertical core.

The eastern part of the dam, east of about Station 29, was of similar con=
structlion, except that as shown on Section BA-BA, Plate Wo. 5 and the
longitudinal profile, the cutoff trench was not carrled to the lower clay
stratum ar Flevation 170 feet but was excavated to the gurface of the
upper irregular silty clay stratum found im this ares and described pre-
viouely. 1In avder to Teduce the quantity of underseepage which might
pass through the sand strata found between the two clay strata, a very
long path of percelation was created by tying the two clay strata to-
gether by meana of & trench and clay facing backfill (see Sectlon CA—CA,
Plate Mo, 5) extending upstream for a distance of about JOO feet. This
13 shown in plan on Plate Ro. 3. As mentioned previously, the west abut-
pant of the dam consists almest entirely of saznd. In order to minimize
seepage through it, the abulment was blanketed with a 5—-feot thickneszs

of clay between the end of the dam and the plant lntake structure, a

2-4



distance of about 500 feet. Details are shown om Sections EA-EA, DA-DA,
and FA-F& of Plate Ho. 5. Locatlons of these sections are shown on

Flate ¥o. 3.

2.3.4 Stability Analyses

The sriginal computations of stability could not be located. FHowever,
gince the dam conslsts largely of coumpacted sand founded on a com

petent foundaticn, & simple analysis can be made. The Llndicated factor
of safety of the upstream slope thus Found 18 2.10, and that of the down~
stream slope 1s 1.75, under normal conditions. This macter was reviewed
in comnection with-the FSAR for the nuclear unit (2). The carth dam was
analyzed using the circular are “mathod of slices” under the agsaumed
hypothatical earthquake, with two-thirds of the horlzontal acrcelerarion
{n the vertical directicn. The ratie of the sum of all the resisting
forces divided by the sum of all the forces rending to cause displacement
{g 1.08. The dam was alsc analyzed by the Neswmark method. This io=
dicated that no appreclable displacement or ylelding of the embankment
copld be expected when 1t ia subjected to the hypothetical earthquake.

2.%.5 Construction Specifications

Complete specificationa covering the dam and spillway are contalned In
the constructlon contract {7}, The more fmportant provisiens relating

to the dam are gumarlzed berein.

Materlals - The core of the dam, including impervious £f11l in the cut-
off trenches and the west abutment blanket, was specifled to be a clay
or clayey sand, The material used in the gand drain at the base of the
downatreanm portion of the dam was apecifled to be clean aand. There was
no speciflication for the gradation of the genertal £111 but, as 1t was
obtained from the east and west borrow plts, it was largely sand.
Crushed rock for the toe drain and riprap beds was speclfied to con—
aist of spund rock having a maximem size of 3 Ilnches with at least

S0 percent retained on the 2-inch sleve and at least 90 percent Te-

ralped on the Nuober 4 sleve.



Riprap was specified to consist of quarried, hard, durable, angular,
wvell-graded tock, rangliag in size from 3 inches to 28 Llnches, and

having an average (50 percent) size of not less than 15 Inches.

Placement = Lt was specified that the impervious core and blanket
paterials be spread In approximately horizontal layers not thicker
than & inches, brought to opticmum watet content, and compacted to a
dennity of at least 95 percent of modified AASHO by means of sheepafoot
rollers. General fill and aznd £111 were specifled to be apread in
layers not exceeding 12 inches In thickness, brought to optimum water
content, and compacted to a density of at least 95 perceat of modified

AASHD by means of 33 to 50 tom rubber—tired rollers or vibrating drum
rollars.

2.4 Conatruction of B. B. Rabinsom Dam

2.4.1 General

construction of the dam was started in Hay, 1558, and 1t was completed
June 22, 1959, Water impoundment was gtarted inm Xareh, 19539, and the
lake reached Elavation 220 feer In February, 1960. 3ecause of a lack
of clay in the east and west borrow pits, 1t was necessary to utilize a
clay plt located on the ridge about 2,500 feet east of the east end of
tha dam. The material in this borrow area was exposed in a road cut

and no borings were made.

2.4.2 Deslgn Deviations

Much difficulty was experienced durlng conastruction of the cutoff wall
ro the underlylng clay strata at gseveral peints (3). In many arveas,
large flows of water were eqcountered and the side slopes of the ex=

cavatlon were nct gtable. The core trench sxeavatisn hetween Starlons

13+00 and 14+00, near the west abutment, contatned a mixture of sand,
¢lay, and water with a consigtency of a slurry. Gravel was placed 1n

thia slurry, then compacted antil polnt-to-pelnt contact exlsted.
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Sheet plllng was then driven through this backfill a minimum of 1-1/2
feet into the lower clay stratum. 1t extended 3 feet above the gravel
backfill: clay core was placed and hand tamped around the 3-foot exten
alon. A tae pile was driven at gration 13+30 to te the start of the
west abutmant cutoff wall. Sheet plling was used for this wall ia

1ien of the clay blanketed eutoff trench shown on the drawings.

At the east cutoff wall, the northern 360 linear feet of the cuteff
wall was constructed as designed; however, because of water preoblems
and caving trench walls, the naxt 320 feet were construckted using

sheat piling. The last 195 feet were comstructed as designed. This
tled into the core of the dam at Station 29430, '

The quality of the earthwork was controlled by Ebasco through fleld
{nspectione and soils technicians (8). Laboratery tests conglated
principally of gradatien, in-place denaity, compactien, and permeabllicy.

The results are aummared as follows:

A aandy clay with a gradation of 100 percent pagslng the Re. 8 aleve
and 20 to 50 percent passing the 200 gieve was used for all impervious
fills. 1Its coafficient of permeabllity was gtated to be 10"7 cm/sec.

A clean sand with & gradatien of 95 percent passing the Wo. B sleve but
not more than 5 percent passing the 200 sieve was used in the downstream
haae draln, having a coafficient of permeabllity of 1072 amfsec. The
general £111 had & gradation of 9% percent passlng the No. B aleve and

a tange of 5 to 15 percent passing the 200 sleve. The coefficient of
permeabllity was stated to be 1G'3 emfaec. The varloul types of materlals
and Fllls required compactiom of 95 percent of modified AASEQ. The
average degree of compactlen obtalped on all fllls was greater than that
requirement and any areas which d4id not meet the specification were

rercolled and retested.
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2.5 H. B. Robinson Spillway

2.5.1 Design Floed

In October, 1559, a paging statlon was established on Black Creek by the
USGS at a polnt near McBee. Examination of the records from the gaging
station yleldad several well-defined fleod hydrographs which were ceon=
sidered suitable for determination of a unit hydrograch. This was done
and two different peak flows were calculated ueing 1t. The first wasa
based on the July, 1916, tropical storm, transpeosed from it actual
locatlion near Asheville, North Carclina, and centered on the Black Creek
drainage area. Indicated peak discharge into the lake For an equivalent
atorm on the H. B. Robinson drainage basin was 23,000 cfs. The second
peak flow determlned was the one which would result from the Probable
Maximum Precipltation (PMF) for the area taken from charts prepared by
the Hydrometeorologlcal Section of the Weather Bureau. Thie calculation
yielded a peak discharge Into the lake of 39,000 £fa. The project apill=
way ls capable of passiag 40,000 c¢fe at elevation 221.67.

2.5.2 Desecriptiom

As may be moted on Plate He. 3, the splllway 1s located about 400 featr
west of the former Black Creek chanmel. A discharge canal leading

hack eastward to the creek channal was provided downstream of the
stilling basin. The spillway conslists of an approach channel, a two
tainter gate controlled overflow gection, a slulce controlled by twe
J6-inch Howell~Bunger wvalves (which are installed at the downstream end
of the center pler), znd a stilling baeln. A ten-foot wide steel girder
with concrete deck, two span bridge crosses the overflow stracture. A
general plan, and sections of rhe gpillway atructure are contained on
Plate Mo & (Ebaace Drawing No. G-158003). The atructure is Eounded upon
and 1s keyed into the lowar stiff to hard clay stratum at Elevation 143

feet, The cutside face of the two end plers were constructed on a vertical

batter of 1:10. A cutoff wall, 2 feet thick, extending 6 feet into the

clay core of the dam was provided on the outside face of each end pier.
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The «lay corve was thickened to include the cutoff walls for a distance

of 20 feer on each side of the gplllway.

all concrete structures were heavily reinforced and all structural concrete
was specified to have a minimum 28—day compressive strength of 3000 psi.
Complete specifications feoT the concrete work are contained in Reference ?
and detailed drawings are contained in the appendix. In connection with
the preparation of the FS3AR for the nuclear unit, the splllway was analyzed
by conventlonal methods, under hypothetical earthquake conditlens, and a

ratin of resisting forces Lo displacement forces of 1.18 was obtalned.

The splllway is provided with two talnter gatea, each of which 1s 25 fest
wide and 35 feet high. They will discharge the design flood of 19,000 cfe
with rhe lake at Elevation 221.67 feet. That elevatlion 1s apparently some-—
what hilgher than originally contemplaced by the deaigners (El. 200 feet},
but at that lake elevation the freeboard 1 8.33 feet and the lake level

1s 3.3% feet below the top of the clay core. The talnter gates are
operated by electric hoists with a standby gas motor. Provision is made

on the hoists of both gates for connection of the gas moter driwve so [hat
they may be operated Lf a power failure should oceur. Spillway rating

curves are presented in Appendix A

Controls for gate ¥o. 1 are located on the BTG board in the plant control
ropm. This 1s a push bukten control, and the gate can be raised and lowered
from this peint only within an t{nitial four foot range. To cpen the gate

to a greater height, the operator must go to the splllway bridge. The pugh
hutton control for gate Wo. 1, which 1s located in the gate contrel statien
on the center pler, will override the control located on the BTG board.

The gas driven holst can be started only from the control center on the

spillway bridge. The engine is engaged with the holsts by a manually
operated cluteh.

Plate Nos. 10, 11, 12, 13 and 14 shov excavation and structural decralls
of the H. B. Robinson Splllway. Cate position and lake level indicators

are installad in the plant control Toom and at the gate contrel center
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on the splllway bridge to gulde the operator In his operatien of the
gates. An alarm bell and light are also located Iin the plant contral
roomw and in the spillway control center to alert the operator when the

lake level rilses or drops outside a limited range near Flevatlien 220.0.

2.6 Observatlons and Maintenaace, 1960 - 1985

2.6.1 Ceneral

The only maintenance of the dam proper required in the past has been fllling
of raln wa

ahas in the downstream slopa which sccurred prior to the develop=
eent of a grags protective growth.

Maintenance of the spillway structurs
has been conflned to palnting of the steel parts.

Repairs, as necessary,

have been made from time to time to the gate hoisting equipment, machinery,
and control syetem.

In 1963, the area downstream of the dam extending east
of Black Creek for a distance of about 1,500 feet was reshaped tor erosion

control and to allow adequate drainage of runeff from the area. Both
tainter gates were repainted in 1980 and pate aeals repaired (Appendlx B).

2.6.2 Storm Drainage Channel Repairs

Storw drainage from the plant area 1s collected by means of a perlpheral

diteh codstructed around the plant ared, as shown on Plate No. 7 {Ebasco
Drawing No. G-157990). The drainage ls conducted to the gouth and east

of the plant area by means of a burled 48=inch conecrete plpe which crosses

the access road, the picnic area, and the area dowvnstream of the west
abutment of the dam. The pipe feeds into a paved channel which rumns
eagtward to Black Creek near the spillway stilling basin. The plan of
the channel and profile (Section B-B) are shown on the axhibit. The
channel has a flat bottom and sloping slde walls. Contractien Jolnts
were spaced at 25 feet and in the first section beyond the chute drop,

chown on Section B-B, two l=1/2 inch weep holes were provided in each
gide wall.

There was a buildup of hydrostatic pressuve behind the side
wvalls of the channel and less of aupport because of piplng of the backELll

o the channel through comstruction jolnts at varieus polnts. These
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factors resulted in digplacement of some of the wall slaba and damage to
the concrete floor at some lecations. In 1978, repalrs were made and a

moTe extencsive weep hole system was installed, as ghown on Plate ¥No. 8
(CPSL Drawing Mo. RCD-9963.

In commection with the abowve, the position of Drill Role 5-A has been zuper-
imposed on Plate Wo. 7. The ground elevarion at this hole was 197.1 feet.
It was a deep hole penetrating through the lower clay stratum. At eleva-
tion 130 feset, an artesian flow of water was encountered which ingcreased
greatly in volume at Elevation 10& feet. Above the lower clay skrafum,
only medium to ccarse sands were found. ' As may be noted on Plate No. 7,
the hole was located very near the crest af the chute shown on Sectiom
B-E. There Is no record that it was sealed but {t was covered up by
conatructlon £111, It appears sxtremely probable that this old flowing
well 15 the soutce of the high water table experlenced In this area.

The seepage could #lso be from open joints Ln the concrete plpe upstream

of the outfall structure.

2.6.3 Spillway Area Drainage

There formerly was a large wet area neat the downstrean toe of the dam
just east of the spillway locatlion, as shown on Plate ¥o. 9 (CPSL Drawing
No. RCD-10443. Water collecting {n this area flowed west to the spilllway

cukb.

In order to correct this situvation, a drainage diteh was constructed In
1978 to intercept the southward flow in the existing ditch, as shown on
Plate No. 9. 1r appears quite possible that scme or all of this flow
originates from Drill Hole Bo. 4, the location of which has been super-
imposed on Plate No. 9. That was a deep hole which encountered a sfrong
arteglan flow at Blevation 103 feet in a coarse sand. Top elevation

of the hole was 193.8 feet.

During cooatruction of the dam, the flow was diverted te the toe drain of

the dam by meansz of a gravel filled ditch, a2 indicated on Flate Ho. .
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At the dril! hole, a cparse sand was found betwsen Elevations 1B8.2 and

174.3 feet. 3Some or all of the dliecharge from the drill hole may be flow
ing laterally, westward and down gradient through the sand Eormation to the
wet area which developed, or it may be flowing westward through the daa toe

draln to a point of emergence at the former wet area.

2.6.4 Flowing Fipe =~ West Side of Splllway

On May 12, 1961, an artesian well approximately 4 inches {n diameter wasz
found at a point about 100 feet west of Lhe west splllway wall and 20 faer
south of the toe of the dam. A water saople was taken and analyzed for
comparison with the laké water. It was concluded that the flow was not
lake water but from the artezian layer in the foundation, poeing no threat
to the dam. On September 24, 1961, a pit & feet deep was dug at the

well location and partially filled with crushed stone and riprap. & cap
of sand-clay was provided. A 105-foot section of drain tile was lald
from the pit te the bank of Black Creek at the spillway scilling basin
training wall. The flow through the pipe was neasured and found to be

16 gpm. Another water analysis was oade and 1t was again concluded

that it was artesian water.

There 1s no record of a drill hole being made at this locatiom.

2.7 Ash Pond Tam

2.7.1 General

Fly ash from the E. B. Robinscn Steam Electric Flant Unit No. 1 i3 trans-
ported by hydraulic means to an ash pond located approximately one omile
northwest of the plant. In June-Becember 1982, the ash pond dam was
raised 7 feet to provide 10 years additional storage of ash. The dam

was designed and constructed by CP&L, Plate Nos. 13, 16 and 17.
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2.7.2 Geplogy and Selgmicity

Geology and selapiclty of the ash pond dam are generally as described for
the main dam i{n subsections 2.2.1 snd 2.2.2. The ash pond dam lis higher
in the geologic profile than the main dam and therefore is founded on
sandier deposits typiecal of the higher elevatlons arpound the lake. The
alte was investigated by a series of fifteen borings te define the dam
foundarion and borrow mources. Laboratory tests showed the borrow mater-
tals to generally be gap graded medlum sanda wich 3 to 30 percent fines.

In general, the foundation appears to be relatively pervious.

2.7.3 .Design Provlelons

The ash pond dam has a crest width of 12 feet, upstream glope of 1.5H:;1.0V
and downatream slope of 2.5H:1.0¥. The 7 feet ralsing was zcconplished by
adding compacted fill to the downstream side of the exlsting atructure.

A baFfle dike was raiaed In 1981 in preparation for the dam construction.
This haffle dike is designed to lengthen the retentlion time by substan-
tially increasing the distance from the aah plpe outfall to the skimmer/
drop lnlet splllway struclture. Proviasion of two feet of freeboard is

made to provide surcharge storage touting of the iaflow design fleod.

The design storm is & ten year — 30 minute storm at .48 inches per hour

on the 70 acre pond.

2.7.4 Stabilitry

Stabllity analysie of the dam was not available. The free draining nature
of the sandy Fill material and foundation aa well as a toe drain provide
assurance of gtabilicy. A brief analysis using infinite slope conputations
indicates a downstream slope factor of safety of 1.4 for normal conditions.
Upstream slope atability 1s not critical since the pond ls gensrally dry
and fi1lled with fly ash next to the dam.
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2.7.5 TDevlations from Design

During construction of the ash pond dam raising, the contractor enceuntered
a gravel toe drain running aleng the original dike downstream toe. This

toe draln was incorperated inte the new constructlon by extending an cutfall

plpe to the new catch basin downstream of the dam.

2.7.6 S5pecificatlone and Quality Control

Fill materials and foundation prepavatlion were conducted in accordance with
CP&L spacificarion "FPESCD B82-5-168 H. B. Robinson SEF Ash Pond Expansien.”
Materfals were compacted in lifts to specified 95 percent standard preocter
ASTH D698 Method A. Tests during construction showed fill in situ densirties
of 95-96 percent 1n the lower lifts and 96-39 percent In the upper lifrs,

2.8 Cooling Water Canal

Ctondenser dilscharge watetr {rom the plant 1s conveyed by a canal along the
west teservolir shore to a polnt some 4.2 miley upstream where the water
is returned to the lake. The canal 1s generally an excavated seckion

and contalned by a dike between the canal and the main reservoir. The
canzl has a bortom width of 20 feet, side alopes of 3H:IV and an average
depth of flow of about 13 feet., 3Side alopes to the reservoir side vary
from 3.0H:1.0¥ to 6.0H:1.0¥. The original canzl ended at a slulce atrtuc—
ture approximately 1.2 miles upstreanm of the plant and served only Unltc
No. 1. In 1970, the canal was extended to its current 4.2 miles to

serve both Unit Mo. 1 and Unlt Ho. 2. Water velocity In the canal is a
paximem 1.75 fps. Plate Nos. 18, 19, 20 and 21 show detalls of the

cooling water canal.
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3. RESULTS OF FIELD INSFECTION

1.1 General

visual Inspection of the K B Robinson plant was conducted during the period
4 to & June 1985. The main dam, spillway, reservoir shoreline, upatream
basin, downstream flood channel, coollng canal and ash pond dam were in-
apected by foor, beat and helicopter reconnalsgsance. A representative of
Carolina Power & Light Company accompanied the inspecter and site persounel
provided data and decunents concerning the project. Ar the tlime of the In-
apection, 4 June 1985, the reservolr was at elevatien 220.2. The following

subsections present the findings and observations made during the inapecticn.

3.2 H. B. Robinsor Dam

Photo Ho. 1 presents a general view of the pain dam spillway and dowmstream
channel. The dam is considered to be In good condition. The crest was
ttue to line and grade with no dipa, sags, settlegent, cracking or other
evidence of distress. The crest dips upstream for drainage and has

some local wheel rettlng.

Photo Ho. 2 shows the upatream Tlprap. The riprap 19 sound with no svidence
of deterloration or displacement. The upetream face was inspected by boat.

Minor riprap displacement waa observed on both sides of the spillway strue-

ture as seen in Photo Mo. 3. This may be due to fishermen, 2s there is

litrle avidence of heavy wave activity on the reservolr.

The downstream slope was Ln excellent condition with a wall astablished
grass cover. Thers were no slides, alumps, sinkholes ot other evidence
of distress. At two locations, four wheel drive vehicles have used the
slope for recreatlonal purposes, Fhoto No. 4. Efforts by CPAL seem to
have minimized this activity as grass has been re—agtablished on the
affected areas. Trees zud shrubs previscusly observed on the slope during

the 1980 i{nspection have been remcvad.



Areag desmatream of the dam were ingpected for seepage, springs and other
evidence of uncontrolled water flow. Statlon drainage digcharges from an
outfall structure downstream of the right abutment as seen in Photo ¥o. 5.
A number of weep holes along the initial portion pf the paved ditch were

releasing water. It was obsetved that the joints in the 36 lnch diamerer
concrete station drainage plpe upstream of the sutfall were somewhat opan

and thia may partly explain the weep hole flows which 1lncrease in gquancity
nearer the outfall.

Photo No. 6 ahows the concrete paved diteh leading to Black Creek. As
noted by previcus ingpectors, scme of the slab construction jJolnts are
dlsplaced but owerall, the pavement is in good condlrion. Ho wet areas

were observed downstream of the Tight section of the dam.

The 8 inch diameter drain tile pipe noted in the 1980 ingpection report
was inspected. Be change In condition of guantity of flow was seen from
that previcusly reported. This drain plpe reportedly carries flow from
a gravel paeck in a wer area 100 feet to the west believed asseciated

with artesian flow from an abandoned exploratory drill hole or well in
this ares.

Downstream of the left embankmant, the toe area dralnage ditch was in—
spected, Photo Ho. 7. The ditch slde slopes have stabilized aince the

1980 inspection with a grass cover now davelopad. In general, the

ditch flow appears as rTeported in the 1980 inspection. At the time

of the 1985 inapection, 1t was noted that a gignificant ameunt of sediment
was being transported in the ditch which could not be explalned by recent
weather conditfons. An effort was made to follow the ditch az far upstrean
as possible, and there waa no significant change in flow for the first
500-800 feet. At this peint, the ditch becones heavily overgrown and

the area could not be Eurther inspected withoul wadars. All temalning

areas downstream of the dam were dry.
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Along State Highway 1623 downstream of the dam, Photo No. 1, Lwo housea

just left of the highway bridge across Black Creek have arteslan wells
in their backyards. The source of water Is believed a sandy layer

below elevation 140 which was found to have arteslap pressures during the
original project exploratiecn program. Fhoto No. 8 shows a typleal in-

stallaticn. No evidence of sediment transport was found next to the

wiells.

3.3 H., B. RBobinason Splllway

The splllway structure, Fhoto No. 9, was Inspectad for condition of gates,
operating squipment and concrete condition. The concreta siructure was
found to be ln generally good condition. It was observed that the up-
gtream and downstream retaining walls had moved relative to the central
more Tigld ogee block, Phote No. 11, These walla suppert the upstresm
and dovnatream embankment £f11ls and this is typlcal performance for
cantilever rTetalning walls. At the time of the 1985 inspection, the
affgers varled from 3/%=ilnches on the upstream walls to 2-iaches on the

downatrean walls.

A few areas of spallad concrete were observed on the spillway structure.
An area approximately 1 foot square wap observed downstrean of gate
No.2's left rrummien. AL three polnts under the steel beams for the
spillway bridges, the concrete was broken out andfor cracked back to

the beam anchor bolts. It is reported that this cracking was not

shserved during the 1982 gate repalrs, Appendiz "B,

As part of the Imspection, site personnel were requested to operate the
twe talnter gates using the standby gas motor drive. This drive unit
15 tested monthly under no load conditions. Repeated attempts to lift
efther gate proved unsuccessful. Both gates were lifted about two
fnches and immediately reser using the normal electric drives. Both
gates sealed adequately sfter testing. The gas motor standby anit is
considered inadequate for its intended use and should be repaired or
replaced. No gate operational tests have been conducted since the 1980

lnzpectlon.



Plant personnel stated that the maximum discharge to date wag handled by
the two Fowell-Bungar valwves Phote No. 10 and psssing water over the top
af the gates at reservolr elevation 222 or an estimated 250 cfa ocutflow.
It iz reported that the project cperators typlcally hold the reservolr
up to elevarion 222 with flows over the tops of the gates. This opera-

tional procedure appears to be different than previcusly reported.

3.4 VUpsatream Basinp

The reservolr dralnage basin was inspected by helicopter recocemnalssance.
Photo No. 12 shows a typlcal view of the drainage hasin which has einer
vertical relief. The river channel meanders in a swampy and heavily
wooded natural channel. There ls seme farming amd orchards in the basin,
with the farms being contour plowed. Photo Wo. 13 showa a highway bridge
and gage statlon upstream of the reservolr. The upstream bagin extends
gome 30 miles upstream and is sandy with pine and declducus forests.

Thare are nomersus amall man—-made ponda upstream of the regervoir.

3.5 Reservolr Shorelipe

The sast and west reserveir shorelines were inspected by boat reconnalssance.
There are no high slopes or evidence of sheoreline lnstability. The west
reservolr shoreline 13 malnly occupied by plant faciliries and the cooling
water discharge canal, Subsection 3.8. The east reserveir shereline 1=
heavily developed with cottages and seasonal residences. All permanent
structures are well sbove the maxioum reserveir level. Hoat cottages

have boat docks which could be affected by water levels exceeding
elavation 222,

A high perceatage of the resldences had artesian wells in the yards
which seems to be the priucipal potable water source. Most wells were
from 10 to 15 feet in elevation above the lake Indfcating a relatively
high artesian head.



The cooling canal dikes were in good condirion with good riprapping oa
both faces (sece Suhsection 3.B). At a polnt approximately one mile
upstream of the plant, a2 high red sandy bank is being eroded by wave
action. This poses no probles o the plant and no remedial actlion is

required.

3.6 Dowmatream Channel

The channel downstream of the dam was Inspected by helicopter reconmalesance.
Photo No. 14 shows the 108 feet long timber trestle of 5State Highway

1623 bridge approximately 0.2 miles downstream of the dam. Fhoto No. L5
chows an abandoned railread £111 that constricts the river channel approxi-
mately 0.6 miles downstream of the dam, Flate No. 2. Both of thesa
structures constrict river flow and cause rapld tallwater changes at the

dam during eplllway discharges.

Bownstream of the railroad fill, the river channel is telatively flat and
meanders through a forested swamp. There are a number of houses and
business developments adjacent to the viver that would be {mpacted by
major releases. Approximately 5 miles downstiream of the dam, the river
entetrs the headwaters of Prestwood Lake and Dam operated by Sunoco

Products Company in Hartsville, South Carolina, Photo Ho. 16.

3.7 Ash Pond Dam

The Ash Pond Dam, Photo No. 17, was Inspected by foot reconnalssance aleng
the crest, downstream toe and from the baffle dike. The crest was true

to grade with no dips or sags. The downstream alope had a well esrablishad
vegatative cover and the downstream toe area was dry. There was no sign

of slides, slumps, sinkholes or other evidence of distress.

The baffle dike was true to grade with no evidence of significant eettlement.
The bypass channel which returns ash water te the drop Inlet splllway
structure was dry and in good condition. Photo Ho. 19 shows the drep

inlet splllway structure with skimmer device and Photo Wo. 20 shows the



downstrean ¢hannel. During the inspection, the outfall for the drop
inlet aplllway could not be located as 1t waa covered by debris and

gurface arpglon deposlita.

1.8 Cooling Water Canal

The cooling water canal runs approximately 4.2 miles aleng the west
shoreline from the plant to the discharge weir. The canal is a cut f
£{11 section with the reservoir slde contained by a dike and natural
ground. Phote Ho. 21 shows the plant cooling water diacharge. Phote
No. 22 shows the southern section of the canal, Photo WNo. 23 shows
the canal opposite the Ash Pond Dam (Photo No. £0) and Photo No. 24
shows the discharge weir at the north end of the canal. The east
dike sectlon crest was Ilnspected by car and the H. B. Rpbinson lake
ahoreline aide by boat. The dike and all riprapped faces were in

avcallent condition.

At the point opposite the Ash Pound Dam, Phote No. 23, the slulce
gtructure formerly used to dischatrge coollng water was ingpectad,
Plate Mo. 19. This structure was abandenad when Unit No. ? wag con-
structed at the plant and the coecling water canal extended. The
structure 1s blocked by heavy sediment on the lake gide but Is other-

wise in good condition.

The discharge walr structure, Fhoto No. 24, was Iin good condition.
At the time of the inspectlon, there was appromimately 1.5 feet of

head difference across the discharge welr.

During the cooling water canal inspectien, 2 number of carrugated
metal pipes were seen along the west canal baok with a few exceeding
36-inches 1n diameter. These appear designed to control sedimentation
{n the canal from surface Tuncff from the west shoreline. A number of
the pipes were correded away to the splash line of the cooling canal

water leavel.

3-%



There was no evidence of shorellne slldes along the canal. There was
gome minor undercutting and surface Tunoff ercslon along the west

bank.
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SPILLWAY RATING CURVES
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AFPENDIX B

TAINTER GATE INSPECTION
REPORT 1 SEFTEMBER 1982



H. B, RORLIGOYT STZAM ELECTRIC PLANT
TAINTER. GATE IMSPECTION

TAR 81-081

SEPTEMBER 1, 1982

CAROLINA POWER § LIGHT COMPANY

FOSSIL PLANT ERGINEERING & CONSTRIFCTION DEPARTMENT
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Ceneral

Turing the reconditiening and refinishing of the tainter gates at the

¥ B, Robinson Plant, FPEACD was asked to conduct an overall inspectien

of the tainter pates to determine if any structural deficiencles exist
ard, if necessary, recommend any required repairs. The west tainter

gate was inspected on November 10, 1981, and the east tainter pate was
inspected on Avgust 5, 1982. These Inspections were conducted with the
front side or forebay area dewatered and were scheduled by plant pergonnel
to coincide with ongeing maintenance work on the gates.

Inspection Scope

FPEECD englneers were requested by H. B. Rebinsen Plant personnel to
gonduct these Inspecticns and to make recommendations as to vhar remedial
structural work, 1f any, should be done. The inspections focused on the
hinge or "pivot poiat' of the gate, all structural connectioms, and the
hoisting chain and mechanism which cperates the gates., TFPE&CD enpineers
also inspected the rubber seals which prevent the gate from leaking
water around the sides and bottem.

Findigﬁs

Inspection of the west gate found mmarcus nuts which comnect the hinge
to the concrete thrust block along the sidewalls and center pler tube
severaly corroded. Replacement of these nuts wvasz recommended and accom-
plished. The gusset plate vhich connects the "spokes'" or arms of the
gate to the hinge was inspected and it ¢as found that the majority of

the bolted connections were moderately corroded and would requlre replace-
ment, ©Other structural members on the west gare were ingpected and
except for some minor ¢orrosion of Individual secondary structural )
menbers, the gate 15 in good conditlon having been In cperatlon singe
196]1. Plant personnel replaced the seals alang the sides and bottoms

of the gate., TInspection of the east gate found that basically the same
areas a5 those noted on the west gate showed corrosion, However, it was
noted that corrosion of the east gate did not appear to be of the same
degrea or extent as that noted on the west gate, Approximately six
corraded muts were recommended to ke replaced on structural connecticos
to the concrete walls and piler., Both gusset plates at the hinges were
inspected and it was recommended that corroded nuts and belts be replaced
there also. The lifting chain was also ingpacted and was found to be In
vary good condition. The only concetn that was identified with the
Iifting ¢haing was the fact that three spring-steel snap tings that
secure the link and pin of the chain together needed replacing. This
section of chain Ls located in the zone of reservelr water level fluctuz-
tions. Chain lengths above the normal water level and those completely
submerged showed no significant deterlioration dus to rust or corrosien.

The seals aleng the side and bottom of the gates were inspected and
considering the apparently poad condition of the old seals it was not
tecommended that these seals be replaced. The glder seals actually
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irsted 2s good and were as Elexiple as the newer goals which so~ —mit o
dirficult to install. Sonme cONC2ENE Were erpressed hy plant persaniel
abaut the trial operation-of the gates oo a monthly basis te ensuze
proper operation. This practice was apparently discoantinued sometlme

ago because of fear that damage would result to the bottom seal of the
tainter gate. However, due to the fact that very little 1If aay trash
passes under these tainter zates during nermal flow conditiens, operation
of the gate on 2 monthly basis for inspectlen and maintenance purposes

is recommended and damage to the bottom seal would be expected to be

minimal.

Follow—ilp Action

pricr to installation of new seals on the west gate, it was noted that

some minor leakage was occurlng along the gides of the pate between the
concrete pler and the rubber tainter gate seals. The approximate

location of these areas were identified so as to allow fnspectiom at a

later date to determine if the leakage rate has reduced or stopped.

Vith menthly operation of the gates, these lsaks should decrsase substantially
as the rubber seal conforms te minor irrepularities of the concrete

plers and sidewalls that igolate the ceparate gates.

Ouring the ingpection of these gates, it was noted that maintenance
work on the west gate had been completed and the gate was back in
service. The gate had a very nice appearance and appeared to be
operating satisfactorily. Dilvers employed by the plant were inspecting

_the lower Howell-BungerT valve at Elevation 178.0 and indicated that

there was severe corrosion and er erosion of the metal from the mechanleal
connections that hald the valve together. This was repoTted to the plant
and they will replace these connections.

PREPARED BY: Cﬁm P
L D

APPROVED BY: - W—

L. B. Wilson - Manager
Tossil Plant Engineering & Construction
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H. B. ROBINSON STEAM ELECTRIC PLANT
HATIN DAM

PROJECT DATA FORM

A GENERAL

Mame - - + + « + « s+ = « &« + 1+ . +« H.B. Robinson Dam

Location . + = &« = '+ = '« '« = =« = '« Harr=ville, 5.C.

Yoar Built + . . =« = - + + = = « « » May 19538 = June 1359

PULD9SE « « . s 4 v e e e a4 0w s Conling Water 3Jupply

Inventory of dame 1.D. Humber e e e

Hazard Potential Classifteation . . . . - . Class "C" (High Hazard
Potentiall}

aize Classification + =+ « « +« =+ o+ o« «+ - Intermediate

Dsmer T

Carolinz Power & Light {Coapany

R. E. Morgan

Plant Manager H. B. Robinson 5.E.F.
RO3-3B3-4524

B. Dat
Type - . =+ =« « + + « &+ & &+ o+ « =« . FEarth Fill
Crest Length » =+ « + « « & o a e - x 4,000 ft.
Crest WidER  « - -« o+ . o+ o+ o+ - s . 13 fr.
Crest Elevatiom . - .« .+ .+ =« « « . & . 230 fr.
Helght « » + + = o + ¢ « & < . . . 55fr.

C. SPILLWAY

Tyme = = o+ = o+ 4w = s aaxe 2 tainter gates
(257 B x 35" W)

Tagacion e e s 1.

§1de Slopes s+ 4 s e e e+ w a s+ Werrleal

frest Flevation . « o+« = = + + « « » o« 183 fr.



D.

E.

F.

H. B. ROBINSOW STEAM ELECTRIC
MAIN DAM {con't)

fBotrtom Width .« -« « « & s«

Lettgkh « + « + » & 4 = e .

Discharge Capacity at Dam Crest . . . .

DUTLET WORKS

Type Loa e e e e e e s m .
Location S e e e e e e e
Tavert Elevation « & &« & &« = - 4
Sige v« 4 o« - 4 a4 ax s a
Lengkh .« .+ « « « o+ x4 4 e b s
Qutlet Invert Elevationm s v e e s
Discharge Capacity at Dam Crest . . . .
RESERVOIR

Hormal Mawimum Warer Sarface Elevation .
Water Surface Elevation at Dam Crest . .

Maximun 3torage Volume at Dam Crest e

Maximum Surface Area at Tam Crest . . .
Storage Volume abt Splllway Crest e .
Surface Area at Splllway Crest .« « .« .

HYDROLOGIC DATA

Dratfnage Area . « « o+ v = x4 v s
Averags Annual Diseharge . . . . . .
Flond of Record . - « « « 4 . . .

Frojece Desfign Flood e e e e e .
Probable Maximum Flesd . .~ +» « .+ -

11

FLANT

LI A

414 f£r.

A0,000 cfs (PHF)
at El, 221.47

? = Howell Bunger Valwves
Center of Splllway

176.0 fe.

3s" @

H0.5 fr.

Fl. 176.,5 & EL. 1B4&4.0
510 efs

220 ft.
230 ft.
55,500 AF+
3,110 AC
28,800 AF
2,242 AC

173 sq. mi.
169 cfs
1,100 cfs
40,000 cfs
40,000 ofs



H. B. ROBINSON STEAM ELECTHIC PLANT
ASH FOND DAM

PROJECT DATA FORM

& GENERAL

H. BE. Robinson

Wamie . . =« + =« & &« % 2+ =« o s« & a« + Ash Fond Dam

Losaticn + = = 4 4+ 4 « « 4 '« s+ + . Hartswville, S.C.

Yaar Pudle . . .« + .« .+ o+ s e s - . 1981 (Waised Dam}

Purpese » s+ o+ <+ s+ « + s+ + 2« « + =« Fly Ash Contalnment

Inventory of dam I.D. Humber . . . « .« .+ . -

Hazard Potential Classificarfen . - . . . . ©Class A (Low Hazard
Potential

Size Classificaticn + - - « o+ « =+ - « & Emall

Owmner e e = e e e e e wawea

Caralina Power & Light Company

R. E. Mgrgan

Plant Manager H. R. Robinson S.E.P.
B03-333-4524

B. Dad
Type « + « =+ « =+ =« & = +» + = « . Compaceed FL1l
Crest Length . « + « =« = =+ « + - « « 1,700 €e.
Crest Widch e i o
Crest Elevation « « « =« « o+ o+ = - » . 2066 fr.
Hedght .+ .« + =« - « « & = = .« =« . . 20fc.

C. SPILLWAY

TYPE = -« « + o+ 4 & . . o« w4 = . 38" $ Drop Inlec
Location .« + o+ o+ 4 4+ 4 a4« « 4+ - lUpstream of Dam
S5ide Slopes e h e e e e e -
Crest Elevatlan .+ .« .« + « « « = » 1« - 2864 ft.

Bﬂttnm Hidth L] - - - » ] ] - - - [l -

111



H. B. ROBINSON STEAM ELECTRIC PLANT
ASH POND DAM f{con't)

Lengbhi = = &« o+ = s a o+ e aa -
Mscharge Capacity at Dam Crest . .« .« . . . 80 cfs

D. RESERVOLE

Mormal Maxloum Water Surface Elevatlon .+ .« 264 fr.
Water Surface Elevation at Dam Crest . . . . 266 ft.
Maximum Starage Volume at Dam Crest . x « o« 520 AF
Maximun Surface Area at Dam Crest - - - . . 33 AC
Storage ¥olume at Spillway {rest v 4+ = w o« AL0 AF
Surface Arez at Splllway Crest . . . . . . 232 4AC

E. HYDROLOGIC DATA

Drainage At@a - + + o+ o+ o+ o+ = o« o« s+« Q.94 5q. mi.
Average Annual Discharge . . - =« . « .+ . -

Flood of Becord .« - - « .+ 4« 0. -

Froject Design Flood e w4 4 4w o« w20 gfs
Probable ¥aximoum Flood . . .« .« . S 4,000 cfs t

i
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ZAMACTEC

engineering and constructing a better tomorrow

September 23, 2009

Mr. Bill Forster

Progress Energy

7001 Pinecrest Road

Raleigh, North Carolina 27613

Subject: REPORT OF 2009 LIMITED (ANNUAL) FIELD INSPECTION
ASH POND DAM
H. B. ROBINSON STEAM ELECTRIC PLANT
HARTSVILLE, SOUTH CAROLINA
MACTEC PROJECT 6468-09-2351 (05)

Dear Mr. Forster:

On March 11, 2009, Mr. Al Tice of MACTEC Engineering and Consulting, Inc. (MACTEC)
conducted a limited (annual) field inspection of the Ash Pond Dam at the Robinson Plant. The
inspection was coordinated in the field by Mr. Willie Gilbert representing Progress Energy, Mr.
John Gainey and Mr. Kirk Davis, Chemistry Lab technicians who perform routine inspections,
were interviewed, Preliminary findings from the inspection were reviewed with Mr, Gilbert. The
next 5-year independent consultant inspection is scheduled to be done in 2010,

The field inspection included discussion with Mr, Gilbert of activities since the last inspection visit
and a driving/walking reconnaissance of the Ash Pond Dam accompanied by Mr. Gilbert and Mr.
Gainey. This letter report summarizes the observations during the limited inspection and provides
our recommendations for any follow-up actions, Photographs of selected conditions and updated
dam assessment forms are attached in Appendices A and B, respectively.

According to Mr. Gilbert a twice weekly visit of the ash pond dam occurs mainly for NPDES
purposes, but that a quick check of the ash pond Dam happens at the same time. There is no
inspection check list for the ash pond dam according to Mr. Gilbert.

SUMMARY

Based on the current inspection, there is no significant change in the condition of the ash pond dam
from the 2008 limited field inspection. No new recommendations are made. The status for
addressing recommendations in the 2005 (5-year) inspection report and 2006 limited inspection
report is included under inspection results along with any new recommendations. No new
recommendations were added in the 2007 or 2008 reports.

Since the 2008 inspection, a water spray system to retard ash dust blowing has been completed and
placed in operation in the south pond. Water for the spray system is pumped from the north pond
area al the northeast corner. The sprinklers were operational during the inspection.

www. maclec.com




Pragress Energy Repart of Limited Freld Inspection-Ash Pond Deam
September 23, 2009 H. B. Robinson Plant
Prge 2 af 6 MACTEC Project No.6468-00.2351 (05)

LOCATION AND GENERAL DESCRIPTION

The H. B. Robinson Steam Electric Plant is located at 34° 24'north latitude and 80°9" west
longitude on Black Creek in Darlington County, South Carolina. adjacent to State Highway 1623
and 131, about five miles northwest of Hartville, South Carolina. The plant is owned and operated
by Progress Energy. A fossil fuel unit (Unit 1) and a nuclear unit (Unit 2) are both present on the
site. The ash pond is located approximately a mile north of the plant.

The ash pond is retained by an earth dike approximately 1,800 feet long with a maximum structural
height of approximately 31 feet. A drop inlet/vertical riser structure is provided as a spillway for
the ash pond. As modified in 1982, the pond had a surface area of 55 acres at crest level and a
storage capacity of approximately 410 acre feet of ash. In 1992, ash was removed from the eastem
end of the pond and stacked in the western end, reducing the active portion of the ash pond to
approximately 35 acres,

The ash pond dikes were raised six feet during 2002 under a design prepared by LAW Engineering
and Environmental Services, Inc. (now MACTEC). The raise increased the storage area at
maximum pond level to about 55 acres. The construction work was completed in December, 2002,

DESIGN AND CONSTRUCTION SUMMARY

The original dam was constructed of compacted sandy soil. No internal drainage features were
included. The 2002 raise was constructed of sandy soils obtained from excavating on the south
edge of the ash pond. The existing interior slopes were extended upward and the new crest was
offset toward the exterior, with new exterior slopes on 3(H) : (V) angles. This method of raising
dams is called and exterior raise. Geogrid reinforcing strips were placed in the exterior slope to
protect against shallow-seated slope raveling. A drainage blanket was placed between the old
exterior slope and the new one. The drainage blanket was connected to a horizontal drainage
blanket and a rock toe.

The dam raise incorporated the existing below-grade outlet piping and simply extended the original
vertical riser upward.

RECORDS

Four piezometers were placed in the ash pond dam upon completion of the raising project. The
2003 inspection report contains information on the locations and elevations of these piezometers.
Approximate locations are shown on the Photograph Location Map in Appendix A. The 2003 5-
year inspection report recommended obtaining a baseline reading of the piezometers once a year
even if no significant change in the water levels occurred. A tabulation of piezometer readings for
the dam as well as for nearby piezometers and a monitoring well is attached as Exhibit 1. The
piezometers in the dam have remained dry because water levels in the pond typically have not been
up against the inside slope of the dam. Two piezometers and a monitoring well are located
between the toe of the north dam and the railroad and are installed into the natural groundwater.
Water level measurement recorded from July 2006 to January 2009 show little changes in the depth
to groundwater. Piezometer P8 and monitoring well MW2 show and increase in the depth to
groundwater between July 2006 and present.

Z/MACTEC

R0 Al A, Halelph, U 27000



Progress Energy Keport of Limited Field Inspection=Ash Pond Dem
Seprember 23, 2000 H. B, Robinson Plant
Page 3of 6 MACTEC Project No.6468-09-2351 (05)

As indicated by photos from the current inspection, water has begun to collect in the north pond
area, but there is still no overflow from the ash pond discharge structure. Previous inspections
have recommended increasing the inspection and piezometer reading frequency if the water level
rises. Readings are currently being taken on an approximate 6-month frequency. That frequency is
satisfactory if the pond water level remains at about the present level.

FIELD OBSERVATIONS

The ash pond consists of south and north areas with a separator dike extending out into the pond
area. Al the time of our visit, there was water in the north pond section, but the water level was
about 2 feet below the top of discharge structure,  The south pond area did not have water at the
dam; the ash level was approximately 7 feet below the dam crest.

The crest and interior slopes of both the north and south pond areas and the new dike section added
on the north end of the north pond are in generally good condition (Photographs 1, 2 and 3).

The rip rap on the interior slope of the north pond dam appeared to be in good condition
(Photograph 1).

The oily waste discharge pipe from Darlington County Plant on the north dike appeared to be in
good condition with the slope adequately protected by riprap (Photograph 4).

The separator dike and the small dike extension on the north side of the pond continue to be in
good condition,

The exterior slopes of the dams generally appeared to be stable with good vegetative cover for
erosion protection (Photographs 5 and 6). The vegetation on the exterior slopes had recently been
cut. Continued mowing of the exterior slopes is recommended to discourage growth of brush and
trees, and to facilitate inspection.  Localize erosion rills observed during past inspections did not
show signs of worsening. Continue to observe and fill damaged areas with crushed stone as a
routine maintenance activity, Local small depressions have been observed at the top of the exterior
slope, rock toe along the north dam, Filling with gravel has been done to address these. Five new
holes were seen (Photograph 7 is an example); these were marked for filling. The plant should
continue to check for such holes and fill them with gravel as a routine maintenance activity.

The toe area below the north dam has been graded to drain toward the drop inlet and continues to
be in good condition, Drainage from the Darlington Plant on the north side of the pond is routed
through a culvert under the north corner of the new dam and into the drop inlet connecting to the
storm drain piping that runs along the toe of the dam. The drop inlet appeared to be in good
condition. Previous inspection reports have recommended removal of the rock filter berm around
the drop inlet provided for the ash pond discharge and toe drainage collection. The rock filter berm
was still in place at the time of inspection and there were wet areas observed adjacent to the berm.
Discussions with Mr. Gilbert indicated removal of the berm could create potential impact to the
NPDES permit if discharge from the pond riser occurs, because the flow from the toe drainage is
directed to the pond outlet pipe. Suspended solids from surface water runoff could affect the

ZIMACTEC
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September 23, 2000 i, B, Rebinson Plani
Page d of 6 MACTEC Project No6d68-00-2351 (03]

NPDES limits. The standing water is not judged to be affecting the dam stability. Thus removal of
the berm will not be recommended.

A drainage swale is present about 15 to 20 feet outside of and generally parallel to the toe of the
south pond dam. This swale had problems with erosion shortly after the completion of the dam
raise in 2003. Rock check dams were placed to control the erosion. The rock check dams have
been effective, and vegetation appears to be well established (Photograph 6).

The ash discharge point is located on the south side of the separator dike (Photograph 8). While no
indications of excessive erosion were seen, this area should be observed during routine inspections
for signs of erosion of the dam slope. If erosion is seen, riprap placement may become necessary.

The existing pond outlet structure consists of a riser pipe and skimmer which was raised when the
dams were raised. No overflow discharge has occurred through the new structure to date. The
structure appeared in good condition (Photograph 9).

The pipe from the outlet structure goes under the dam and leads to a discharge point east of the
railroad about 150 feet beyond the dam toe. The outlet pipe also serves as the discharge for the
surface runoff along the north dam toe and from the Darlington plant. No signs of leakage under
the pipe were seen. (Photograph 10) Consistent with previous reports, we observed erosion of the
channel bank about 30 feet downstream from the discharge pipe end. This erosion is not presently
threatening the pond outlet pipe and no enlargement of the erosion appears to have occurred over
the past few years. Previous reports have recommended stabilizing the eroded area with riprap to
reduce potential for undermining the discharge pipe. We currently recommend continuing to check
for any increase in erosion area with placement of rip rap on an as-needed basis.

Based on the current inspection results, the status for addressing recommendations in the 2005 5-
year inspection report and the 2006 annual report is summarized below. The 2007, 2008 and this
2009 report have no new recommendations.

Recomm
Ref No. Recommendations Time for Impl Current Status
AP-2005-1 IF the elevation of the ash pond rises so that water | Review Baseline readings were
& 4 begins to impound against the dam, piczometer schedule with | taken in July, 2006,
readings should begin following the schedule in | next And readings have
the dam raise design, A baseline check of inspection. continued on aboul 6-
piezomelric levels should be made once a year if month frequency since,
no water is impounding against the dam, Piezometers show no

water, Current
inspection found water
level in north pond
slightly up against the
dam. No indications of
waler in picrometers in
January, 2009,
Recommend continue
the 6-month frequency
and evaluate during
2010 5-year inspection,

AP-2(005-2 Animal burrows on the interior slope should be Routine Vegelation on slopes is

ZIMACTEC
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filled. Trapping of burrowing animals should be | mainienance being mainiained and

done. No holes observed in our 2008 inspection, facilitates inspection
and location of animal
burrows. Burrows
rarely seen.

AP-2005-3 | The annual inspection frequency should be Review Water has begun Lo
increased to monthly il water levels rise to a schedule with | impound in north pond
point that places water against the dam, These next inspection | with shallow depth al
inspections should look for any cracks, slumps or | in 2010, dam. Nosigns of
new seepage. Any unusual Andings should be concerns on exterior
reported immediately 1o a designated engineer for dam slopes. No change
evaluation, in the inspection

schedule appears o be
warranted at this lime.

AP-2005-5 | The junction of the north dam exierior slope and | Routine Vegetation on slope is
the rip rap toe drain should be checked for | inspection and | cut and junction easily
presence of local erosion loss of ground into the | maintenance, seen. Local erosion
rip rap during the regular inspections.  Local loss of ground seen in 5
depressions  should  be  filled  with  gravel, spots; continuing
Similarly, the interior edge of the north dam crest mainienance item,
should be observed for local loss of ground into
the interior slope rip rap and local depressions
filled with gravel if found.

AP-2006-1 Fill burrow on north dam seen at top of rip rap on | Routine Action closed, Continue
interior slope. maintenance te waich for animal

burrows and fill in if
SEen,
AP-2006-2 Consider removing gravel berm around drop inlet | Confirm Discussion  with  Mr,
at toe of north dam to allow better drainage, schedule with | Gilbert established that
plant removal of filter berm
could affect  fulure
suspended  solids i
waler begins o
discharge from riser
structure;  removal of
the berm taken off list
of recommendations.

AP-2006-3 | Fill in erosion below outlet from riser with rip | Confirm Erosion  was  nol
rap. schedule with | observed 10 be  a

plant problem  with current

inspection (no change).

ZMACTEC
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MACTEC is pleased to continue assisting Progress Energy with inspections of the ash pond dams
at the Robinson Plant, Please contact us if you have any questions about this report.

Sincerely,
MACTEC ENGINEERING AND CONSULTING, INC. Gy,
gﬁ;ﬁﬁf { «J'H h-'a
4 et (T
ames A. Schiff 1. Allan Tice, P.E. 57
Project Professional Senior Principal Engineer 1’;_ §
Registered, South Carolina 5542 o e
";ﬂ‘ﬁt Lﬂ%‘“ﬁ,\f
JAS/jat RS

Ce: File copy with attached appendix
(Transmittal to include 3 print copies and | electronic (CD/PDF) copy with attached appendices)
EXHIBIT Summary of Piezometer Water Level Readings

APPENDICES: A, Photographs and Photograph Location Maps-Ash Pond
B. Summary Dam Assessment Form

ZMACTEC
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EXHIBIT 1

Water Elevations in Robinson Ash Pond Monitoring Wells

[ Date: F1 F1A P2z F 2A Pd PR MW 2 |
TOC Elev| 27203 | 26185 | 27200 | 26685 | 259.16 | 24425 | 25694
07/31/06 | Dry Dry Dry Dry 24656 | 231.35 | 23484
0205107 | Dry Dry Dry Dry 24686 | 23206 | 23554
0712407 | Dry Dry Dry Dry 24657 | 23071 | 23204
0171408 | Dry Dry Diry Dry 24696 | 23057 | 23544
07io7i08 | Diy Dry Dry Dry 24661 | 23025 | 233.24
01/12/09 | Dry Dry Dry Dry 24666 | 22607 | 23149

Max 0.00 0.00 0.00 DO0 | 24696 | 232.06 | 23554
Min 0.00 0.00 0.50 D00 | 24656 | 22907 | 23149
Avg | #DIVI01 | #DIVi0l | #DIVA! | #DIVIDI | 24669 | 230.64 | 233.8H




APPENDIX 4
Photographs and Photograph Location Map
Ash Pond
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Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

e NS

1. ASH POND - Crest and interior slope of north pond area looking south.

2. ASH POND - Crest and interior slope of south pond area looking north.

Al Tice Page 1 of 6
Photographs taken on March 11, 2009



Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

3. ASH POND - Crest and interior slope of north dike of north pond looking
west.

4.  ASH POND - View of oil-water separator drain along the interior slope of
north pond adjacent to Darlington County Plant.

Al Tice Page 2 of 6
Photographs taken on March 11, 2009



Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

5. ASH POND - Toe of north pond area exterior slope looking south.

6. ASH POND - Exterior slope of South Pond looking north from southern
end.

Al Tice Page 3 of 6
Photographs taken on March 11, 2009



Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

7. ASH POND - Typical local erosion hole at top of North Pond rock toe.
Fill with gravel as a routine maintenance activity.

8. ASH POND - Ash discharge location in South Pond.

Al Tice Page 4 of 6
Photographs taken on March 11, 2009



Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

9. ASH POND - Vertical riser and trash guard at inlet point.

Al Tice Page 5 of 6
Photographs taken on March 11, 2009



Appendix A — Photographs
2009 H. B. Robinson Plant Annual Ash Pond Inspection

10. ASH POND - Qutlet end of ash pond discharge pipe.

Al Tice Page 6 of 6
Photographs taken on March 11, 2009



Appendix B
Sommary Dam Assessment Form
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Appendix A

Doc 09: H. B. Robinson Piezometer Readings

H. B. Robinsion
Progress Energy Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report
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Appendix B

Doc 10: Dam Assessment Checklist

H. B. Robinsion
Progress Energy Coal Combustion Residue Impoundment
Hartsville, South Carolina Dam Assessment Report



Coal Combustion Dam Assessment Checklist Form

US Environmental
Protection Agency

Site Name: | '8 Robinson Power Date: 24 February 2011
Station
Unit Name: Ash Pond Operator's Name: Progress Energy
Unit L.D.: Hazard Potential Classification: | High [_] significant [_] Low [X]

Assessor's Name:

Frederic C. Tucker, PE; Anne Lee

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? weE;II;IyZ 18. Sloughing or bulging on slopes? X
2. Pool elevation (operator records)? 263.0 19. Major erosion or slope deterioration? X
3. Decant inlet elevation (operator records)? ~269.5' 20. Decant Pipes: _
4. Open channel spillway elevation (operator records)? X Is water entering inlet, but not exiting outlet? X
5. Lowest dam crest elevation (operator records)? 272.00 Is water exiting outlet, but not entering inlet? X8
6. If instrumentation is present, are readings recorded X ls water exiting outlet flowing clear? X6
(operator records)?
7. Is the embankment currently under construction? X 2.1' Seepage (spepn‘y location, i seepage ca.mes
fines, and approximate seepage rate below):
8. Foquatlon preparation (remove \(ege;tatlon, stumps, X5 From underdrain? NIA7 NIA7
topsoil in area where embankment fill will be placed)?
- 5 —
9. Trees growing on embankment? (If so, indicate At isolated points on embankment slopes? X
largest diameter below)
10. Cracks or scarps on crest? X At natural hillside in the embankment area? X
11. Is there significant settiement along the crest? X Over widespread areas? X
12. Are decant trashracks clear and in place? X From downstream foundation area? X
j3. Depressions or sinkholes in tailings surface or whirlpool X "Boils" beneath stream or ponded water? X
in the pool area?
14. Clogged spillways, groin or diversion ditches? X Around the outside of the decant pipe? X
15. Are spillway or ditch linings deteriorated? X ﬁﬁ{s%gace movements in valley bottom or on X
16. Are outlets of decant or underdrains blocked? X 23. Water against downstream toe? X
17. Cracks or scarps on slopes? X 24. Were Photos taken during the dam X

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.

N/A = Not Applicable or Not Accessible

Note # Comments

Hazard potential classification determined by a professional engineering consultant to Progress Energy, using US

1 | Army Corps of Engineers guidelines. The hazard potential classification would still be “low”, based on Dewberry’s

interpretation of EPA criteria shown on page 3.

Progress Energy conducts bi-weekly internal inspections by plant operating personnel. Annual inspections and
five-year inspections are conducted by third-party professional engineering consultants.

Design water surface elevation is approximately 269.5’ (top of overflow riser); however, no water was present in the

3 | basin at the riser location. During the site visit, the dry ash surface was observed to be approximately 2 feet below

the trash rack (skimmer) on the riser. A small pool of water was observed at a low point in the ash surface at the
north corner of the basin. The water surface appeared to be approximately 9’ below the dike crest or at about

1




US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

elevation 263.’

4 | Piezometers in crest and downstream slope are read semiannually.

Foundation preparation information during original construction around 1960 and during raising of dike in 1982 not
5 | available. Construction guide specifications for raising of dike in 2002 indicate that debris and deleterious organics
were to be removed from existing slopes. Before placing new embankment soil.

Water is exiting the outlet of junction box, but apparently not from outfall structure. Outfall structure discharges into
a junction box, which connects to a storm drain system. Progress Energy personnel indicate the spillway has been
lined and there is no seepage, however source of discharge is unknown. Progress Energy testing indicates
discharge is stormwater.

Underdrain outlet(s) not observed during the site visit. A furnished pond summary dated January 25, 2011
indicates that a gravel toe drain was found at the base of the original dike downstream slope during raising of the
7 | dike, which presumably was the first raising in 1982, and the drain was extended by a pipe to a catch basin
(junction box) downstream of the dike. Furnished drawings of the second raising of the dike in 2002 indicate that
the downstream toe of the raised embankment was to have a rock toe covering the end of a filtered sand blanket
drain placed between the pre-existing downstream slope and the new embankment fill for the raised dike.




US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

Coal Combustion Waste (CCW)

Impoundment Inspection

Impoundment NPDES Permit SC0002925 ASSESSOR Frederic C. Tucker, PE; Anne Lee

Date May 1, 2007
Impoundment Name Ash Pond

Impoundment Company Progress Energy
EPA Region 4

State Agency 2600 Bull Street
(Field Office) Address  Columbia, SC 29201

Name of Impoundment Ash Pond

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

New |:| Update @

Yes No
Is impoundment currently under construction? |:| |E
Is water or ccr currently being pumped into the impoundment? |Z |:|

Designed to contain fly ash, bottom ash, boiler slag, ash sluice water,
IMPOUNDMENT FUNCTION: . ] ]
storm water, and chemical metal cleaning discharge.

Nearest Downstream Town Name: Hartsville, South Carolina

Distance from the impoundment: 8 miles

Location:
Latitude 34 Degrees 24 Minutes 50.8 Seconds N
Longitude 80 Degrees 09 Minutes 44.0 Seconds w
State South Carolina County Darlington
Yes No
Does a state agency regulate this impoundment? |E |:|

SCDHEC, Bureau of Water/Compliance

i ?
If So Which State Agency? Assurance Division. For water quality only.



US Environmental

Coal Combustion Dam Assessment Checklist Form Protection Agency

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

[]

X

[]

LESSTHAN LOW HAZARD POTENTIAL: Failure or
misoperation of the dam results in no probable loss of human life or
economic or environmental losses.

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

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

HIGH HAZARD POTENTIAL: Dams assigned the high hazard
potential classification are those where failure or misoperation will
probably cause loss of human life.

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

Dam failure would discharge coal combustion residue into the discharge canal along west side of Lake
Robinson and ultimately into Lake Robinsion but cause no loss of life. Failure would be contained within
Progress Energy property but may disrupt/damage the railroad spur into the plant.



US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

CONFIGURATION:

IE Cross-Valley I:' Side-Hill I:' Diked

I:' Incised (form completion optional) I:' Combination Incised/Diked

Embankment Height (ft) 32 (max) Embankment Material Earth

Pond Area (ac) 55 Liner None



US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

Current Freeboard (ft) >2.5’ Liner Permeability



US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

TYPE OF OUTLET (Mark all that apply)

[ ] Open Channel Spillway

Trapezoidal
Triangular
Rectangular

Irregular

O OO o

depth (ft)
average bottom width (ft)

top width (ft)

X] Outlet

36" inside diameter
(smooth lined)

Material

corrugated metal
welded steel

concrete

plastic (hdpe, pvc, etc.)

other (specify):

O X X OO

Yes No
Is water flowing through the ] X] No overflow
outlet? atriserinlet

D No Outlet

] Other Type of Outlet
(specify):



US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

Unknown for original dike
construction. Dike raise in 1982
was designed by CP&L with input
The Impoundment was Designed By from William Wells. Dike raise in
2002 was designed by Law
Engineering and Environmental

Services, Inc.
Yes No
Has there ever been a failure at this site? [ ] X
If So When?

If So Please Describe :



Coal Combustion Dam Assessment Checklist Form

US Environmental
Protection Agency

Yes

Has there ever been significant seepages 0
at this site?
If So When?

If So Please Describe :

No



Coal Combustion Dam Assessment Checklist Form

US Environmental
Protection Agency

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

at this site?

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

If So Please Describe :

Yes

No

10



US Environmental
Coal Combustion Dam Assessment Checklist Form Protection Agency

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

No information is available for original construction or for the 1982 dike raise.

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

Only for the dike raise in 2002 in which specifications called for removal of debris and deleterious
organics from the existing slopes.

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

There was no indication of prior releases, failures, or patchwork on the dikes.

11
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