DUKE POWER COMPANY
TELEPHONE: AREA 704

P, 0. 3189 - S
C.BOX 3 GENERAL OFFICES 373-4011
422 SOUTHCHURCH STREET

CHARLOTTE. N. C. 28242
Juty 7, 1986

North Carolina Utilities Commission wa?\illﬁ Qv
P.0. Box 29510 1A
Raliegn, NC 27626-0510

Attn: Ms. Sandra J. Webster
Chief Clerk

Subject: Safety Inspection of Dams in North Carolina
Per NCUC Order, Docket No.: E-100, Sub. 23
Dan River Steam Station Ash Dikes
File Nos.: SSS-0503, GAH-0202, S55-0502

Dear Ms. Webster:

Enclosed are three copies of the Law Engineering Testing Company Safety Inspection
Report for the Ash Basin Dikes at Dan River Steam Station Tocated in Rockingham
County. One report includes original photographs and the other two contain copies
of the original photgraphs.

This inspection was performed in accordance with the subject NCUC Order dated
October 11, 1976 with the scope being consistent with the "Recommended Guidelines
for Safety Inspections of Dams" released by the Department of the Army, Office of
the Chief of Engineering in May, 1976 and as supplemented by "Supplemental Hydraulic
and Hydrologic Guidelines for Phase I Inspection of Non-Federal Dams" dated

June 5, 1978,

The recommendation to perform a soil test boring, at the slight bulge on the raised
portion of the outer slope of the primary basin dike along the access road, to explore
the subsurface conditions at the bulge will be performed during the fall of 1986
(Reference Recommendation #7, pg. 7-9). The recommended piezometer and observation
well will then be installed in the bulge for monitoring purposes. A re-analysis

of slope stability of the dikes's section at the bulge will be performed by the

end of the first quarter of 1987 if soft scils are encountered and high piezometric
and phreatic levels are indicated. The other recommendation will be addressed and
handled as appropriate.

Yours very truly, ey
NZ
S.B. Hager, Chief Engineer &o

Civil/Environmental Division %/}a
CN
By: SG Crews, Supervising Design Engineer \ 0}@
\
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LAW ENGINEERING TESTING COMPANY
geotechmical, emaronmental & construction matenals consultants
501 MINUET LANE

P.O. BOX 11297 » CHARLOTTE, NORTH CAROLINA 28220
(704) 523-2022

June 20, 1986

Mr. 8. B. Hager, Chief Engineer
Duke Power Company
Civil/Environmental Division

P. 0. Box 33189

Charlotte, North Caroclina 28242

Attention: Mr. R. 5. Bhatnager, Senior Engineer

Subject: Five-Year Independent Consultant Inspection
Dan River Steam Station
Ash Basin Dikes
Rockingham County, North Carolina
Per North Carolina Utilities Commission
LETCo. Job No. CHW 5475

Gentlemen:

Law Engineering Testing Company is pleased to submit the following report of
our independent inspection of the ash basin dikes at the Dan River Steam
Station. The inspection was performed in accordance with Duke Power Company”s
Specification No. $585-0502-02 "Specifications for Inspection of Facilities as
Required by the North Carolina Utilities Commission" dated February 14, 1986 and
as authorized by Duke’s letter dated March 20, 1986. Our inspection reported
herein is the second five-year independent consultant inspection of the Dan
River Ash Basin Dikes.

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

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

VYery truly yours,

LAW ENGINEERING TESTING COMPANY

,ﬂa/(/%oé‘/]
ted C. Tucker, P. E4

enior Geotechnical Engineer

% . ch/M/'J(/

Clay Sams, P. E.

Geotechnical Consultant
FCT/CES:tmc

Atrtarhmants



DUKE POWER COMPANY

DAN RIVER STEAM STATION
ASH BASIN DIKES
ROCKINGHAM COUNTY, KORTH CAROLINA
LETCo. Job No. CHW 5475

SECOND FIVE-YEAR INDEPENDENT CONSULTANT INSPECTION
AS REQUIRED BY
NORTH CAROLINA UTILITIES COMMISSION

JUNE, 1986

BY

LAW ENGINEERING TESTING COMPANY
CHARLOTTE, NORTH CAROLINA

‘“"";]'””
A VARg ",
REPORT PREPARED BY R Q,\X n-u,04,¢ )
5‘$3.93?553’04'.17'%
Z:‘ _-'nQ: '7.-0. E
RN Y &
,4A4/C1 Rjé;cﬁaif’”‘f7 T B G
VFred C. Tiker, P. E./ '1%%;g§?qwmﬁ?a’é?§
Senior Geotechnical Engineer *%ﬁf gt %Qﬁls
Registered, N. C 8160 ONEL A N

(S fi

01a{£E. Sams, P. E.
Geotethnical Comsultant

Registered, N. C. 4459

LAW ENGINEERING TESTING COMPANY




TABLE OF CONTENTS

0 INTRODUCTION & « v v v v v o o « o o o o »
1 Gemeral. v & v v v v e v e e e e e e e e
«2 Purpose and SCOPE. + « « s+ s o + o s 4 o .
3 Authorization. « « « v ¢ v v « 4 o + 8 . »

PROJECT INFOBRMATION. « & 4+ & o o o ¢ o & &
Location, General Description and Relevant

. s * W . s e ¢« . =

Historical Information.

Hazard Classification. « + o s » « & o o 4
Geology and Seismicity . o« « o v o s « o o

2.0
2.1
2.2 Bize Classificatiome « + v o o o« o o o o
2.3
2.4

3.0 ENGINEERING AND OFERATIONAL INFORMATION, .
3.1

Engineering Informakion. « « « « « o« + o &
3.1.1 Slope Stability . . . . . . . . . .
3.1.2 Hydrology and Hydraulies. . . . . .

3.2 Operations Related to Project Safety . . .

4.0 FIELD INSPECTION OBSERVATIONS. . . . . . .
4.1

. -« . . s a2 a « * s . .

. Primary and Secondary Basin Dikes and Outlet Works + o o o o o « o

4.1.1 Crest and Inside Slope ¢« v « « & o &
4.1.2 Outside Slope and Tee &« « « & + o &
4.1.3 Outlet Structures .+ « « v « « »+ o &
2 Dry Ash Storage Basin Dike and Outlet. . .
3 Dredge Pond Dike v o 4 ¢ v o« + 4 o o o o« o

5.0 PREVIOUS INSPECTIONS AND PERTINENT REPORTS
6.0 MONITORING INFORMATION . . . + +« & « + «

CONCLUSIONS AND RECOMMENDATIONS. . . . . .

ConclusSionsS. o+ o » o o s o o ¢ s o s & « =
RecommendationsS. + + o « « o o « = o o «

b b O

) =d

APPENDIX A ~ Figures
APPENDIX B - Photographs
APPENDIX € -~ Monitoring Data

LAW ENGINEERING TESTING COMPANY




1.0 INTRODUCTION

1.1 General

This report presents the results of the second independent consultant
inspection of the ash basin dikes at the Dan River Steam Station. The
independent inspection is performed at five-year intervals as required by the
North Carolina Utilities Commission (NCUC) for facilities operated by Duke Power
Company in North Carolina and not licensed by the Federal Energy Regulatory

Commission (FERC) and not covered by the North Carolina Dam Safety Law of 1967.

The previous independent inspection was performed in 1981 also by Law

Engineering Testing Company. The results of that inspection were presented in a

report dated September 8, 1981 (LETCo. Job No. CH 45814).

In this current report, emphasis is placed on noting the development of any
new conditions or changes in old, previously reported conditions. The
previously reported conditions are recounted only where there is a chaﬁge or
where it is of particular interest or of use in describing the overall conditiom
of a specific project structure. Liberal use is made of photographs to minimize
descriptions, The photographs are used té illustrate gene€ral conditions of

project structures in overall views and specific conditions in close-up views.

1.2 Purpose and Scope

The purpose of this dike safety inspection and report is to identify, within

the limitations of surficial field inspection and office review of available
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1.3 Authorizationm
This NCUC Five-Year Independent Consultant Inspection was authorized by

Messrs. S. B. Hager, Chief Engineer, and R. S. Bhatnagar, Senior Engineer, of

Duke”s Civil/Environmental Division, in their letter dated March 20, 1986.

1-3
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2.0 PROJECT INFORMATION

2.1 Location, General Description and Relevant Historical Information

The Dan River Steam Statiom is located on the Dan River in Rockingham County
in north central North Carolina. The power plant is situated on the north side
of the Dan River, approximately one mile northeast {downstream) of the State
Highway 14 bridge over the river, and on the southeast side of the city of Eden.
The ash storage basins and dikes are located immediately east and northeast of
the power plant. The project location is shown on Figures 1 and 2 of our 1981

report; these figures are included for reference in Appendix A.

The facilities of concern in this inspection are the earthfill dikes which
impound the ash basins, and the outlets for the basins. The older ash storage
facilities are located next to the river and consist of an upper, primary basin
(west end) and a lower, secondary basin (east end) which are formed and enclosed
by approximately omne mile of earthfill dikes. These basins have evolved to
their present configuratioms as a result of past expansion and raising of the

dikes.

The approximately 550-ft long intermediate (divider) dike which separates
the primary basin from the secondary basin was constructed over ash. A re-
analysis of this dike using updated soil shear strength parameters was made by
Duke Power engineers in 1984; the re-analysis yielded an unacceptably low safety
factor against circular arc shear failure of the "downstream" slope. Therefore
in 1985 a berm was comstructed on the lower (secondary basin) side of the

intermediate dike to increase the factor of safety of the downstream slope.

2-1
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There also is a newer ash storage area formed by construction of
approximately 2100 ft of earthfill dike across several natural drainage features
north of the older basins., This newer area is used primarily for dry storage of
the ash. However, in 1982 a 625-ft long dike was constructed perpendicular to
the main dike to enclose the eastern portion of the dry storage basin; the
enclosed area was used to hold ash dredged from the primary basin. The dredge

pond area has been filled to capacity with ash.

All the older dikes (primary, secondary and divider dikes) were designed to
have 2H:1V side slopes and 15-ft crest widths. Design crest elevations are 540
ft and 530 ft for the primary and secondary basin dikes, respectively. Maximum
dike height is approximately 60 ft above the outside (downstream) toe of the
primary basin dike next to the river. These older dikes have no internal
drainage. The dikes next to the river have riprap slope protection designed to
extend upslope from the toe to elevation 512 ft on the outside slope. There
also is a wide rockfill berm designed to have a top elevation of 503 ft at the
downstream toe along the western portion of the primary basin dike next to the

river.

The new berm on the secondary basin side of the divider dike was designed to
have two levels: omne 15-ft wide level at no;inal elevation 534.5 ft and a 10~ft
wide level at nominal elevation 530 feet. The slopes between the two levels and
below the lower level were designed to be 3H:1V. (Only one berm level is
evident as noted in the Field Inspection Observations.) The soil berm was
designed to overlie a 2-ft thick drainage blanket of No. 67 washed stone wrapped
with filter fabric; the drainage blanket was designed to be placed directly on
the ash foundation., The outlet (toe) end of the blanket drain was designed to

have a protective layer of N.C. D.0.T. Class C riprap.
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long, 36-inch diameter (RCP) discharge pipe that passes north-scuth through the

bottom of the dike near the southeast corner of the secondary basin.

Drainage of surface runoff from the filled dredge pond is into the dry ash
storage basin through two 24-inch diameter reinforced concrete pipes at the
right (north) end of the dredge pond dike. The outlet pipes were designed to
have an inlet invert elevation of 557 ft-MSL and slope of ome percent. The
pipes discharge into a relatively short length concrete-paved ditch which in
turn discharges into a riprap-lined ditch that leads to the drainage outlet for

the dry storage basin.

The drainage outlet for the dry storage basin is a reinforced concrete
drainage tower (box) that has a 36-inch diameter (RCP) discharge pipe which
empties into the secondary basin. The pipe is approximately 600 ft long and
passes north-south through the bottom of the dry storage basin dike. The
drainage tower is 8.33 ft by 9 ft in plan and has two 5-ft wide open sides and
an open top. These openings are covered with bar screens. The stop-log height
in the open sides currently is about the same as noted in the last S-year
independent inspection; the elevation was reported as 533 ft-MSL in the 1981
report, however, field observation (see Photo 4-29) suggests that it may be 1 to
1.5 ft lower than this. (Elevation of open éides is below top of discharge pipe
which is near 533 ft-MSL according to design drawings.) The inlet invert of the

tower can be raised by imserting stop logs in the open sides.

Additional descriptions of the physical characteristics of the above
structures are presented on pp. 2-4 of the 198l report. Plan and section views

and selected details of the primary and secondary basin dikes, the divider dike

2-4

LAW ENGINEERING TESTING COMPANY




and the dry storage basin dike are shown on Figures & through 6 of the 1981
report; these figures are included for reference in Appendix A of this current
report. (One plan view, Figure 4, has been updated to show the dredge pond
dike, the new berm on the divider dike and the location of instrumentation
installed since the last independent inspection.) Figure 7 in Appendix A is a
new figure showing a section of the divider dike with new berm at the location

of the primary basin outlet.

A relatively detailed account of historical information on the design,
construction, operation, instrumentation monitoring and previous inspections of
the ash storage facilities up to the time of the first independent comsultant
inspection is presented on pp. 4-8 of the 198l report. Since that time the most

significant changes or additioms at the ash storage basins have included:

. the construction and filling of the dredge pond at the east end of the

dry ash storage basin;

. the construction of the berm on the secondary basin side of the divider

dike between the primary and secondary basins; and

. installation and monitoring of 10 piezometers in the primary basin dike,

secondary basin dike and divider dike (see Figure 4 for locatioms).

2.2 Size Classification

The "wet" ash storage basin dikes at the Dan River Steam Station are

classified as "intermediate" size dams under the U. 8. Army Corps of Engineers

guidelines and "large" by the criteria inm the North Carolina Dam Safety

Regulations. The maximum height, 60 ft, dictates the size classification. The

-5
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dry ash storage basin dike is also classified "intermediate" size by the Corps”
guidelines, but "medium" size by the State”s criteria. The dredge pond dike is

classified "small" size by both the Corps” guidelines and the State’s criteria,

2.3 Hazard Classification

All the Dan River Ash Basin dikes are classified "low" hazard (Class 3)
under the Corps” guidelines and "low" hazard (Class A) by the North Carolina

criteria, due to the lack of downstream development.

2.4 Geologvy and Seismicity

The ash basins are located within the Dan River Basin which is an elongate,
asymmetrical fault trough that trends northeastward through Stokes and
Rockingham Counties, North Carclina and into scuthern Virginia, where it is
known as the Danville Basin (Thayer, 1970). The Dan River Basin contains
sedimentary rocks of Triassic/Jurassic age (180 to 245 m.y.). This "Triassic"
basin, one of several within the Piedmont Physiographic Province, is about 3
miles in width at the latitude of the ash basins, but is about 6 miles wide 1in
central Rockingham County to the south. The northwest side of the Dan River
Basin is bounded by a southeast-dipping normal fault (about 3 miles from the
site) which was active at the time that sediments were being deposited.
Sedimentary rocks at the southeastern margin of the Basin, where the ash basins
are located (Figure 3), lie unconformably on a complex of older, metamorphic
rocks. Parts of the southeastern margin of the Dan River Basim are fault

bounded (northwest~dipping normal faults of Triassic/Jurassic age).

Sedimentary rocks within the Basin consist of clastics from conglomerates Lo

shale and mudstone with a few coal-bearing units in areas to the south of the
2-6
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ash basins. Rocks at the ash basins consist principally of mudstone and
siltstone in variocus shades of orange and brown interfingered with gray

siltstone, claystone, shale and sandstone {(Carpenter, 1982).

As discussed above, the Dan River fault zone is the northwestern boundary of
the Dan River Basin and faults locally form the southeastern margin. Diabase
dikes (tabular, intrusive bodies of rock) that cut across those and similar
faults have been determined by radiometric dating methods to be at least 170

million years in age (Law Engineering Testing Company, 1974).

Because earthquake epicenters cannot be correlated with tectomic structures,
the present practice is that earthquakes in this part of the United States are
identified with the tectonic province in which they are located. The Dan River
ash retention dikes are located in the southern Piedment province (or
seismotectonic region) in which the highest historical seismicity is Intensity
VII MM. The dikes are also located in Seismic Zone 2; the Corps of Engineers”
guidelines indicate that, "in general, projects located in Seismic Zones 0, 1
and 2 may be assumed to present no hazard from earthquake provided static

stability conditions are satisfactory and conventional safety margins exist".

Carpenter, P.A,, III Geologic Map of Region G, North Carolina: North
Carolina Department of Natural Resources and Community
Development.

Law Engineering Testing Preliminary Safety Analysis Report for Cherokee Nuclear

Company Stationm, Appendix 2C, Geology: Duke Power Company.
1974
Thayer, P.A. Stratigraphy and Geology of Dan River Triassic Basin,
1970 North Carolina: Southeastern Geclogy, Vol. 12, No. 1,
pp. 1-31.
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3.0 ENGINEERING AND OPERATIOKRAL INFORMATION

3.1 Engineering Information

A description of the available information on design of the Dan River ash
retention dikes up to the time of the last independent inspection is contained
on pp. 5-6 of the 198l inspection report. Design studies, drawings and
specifications were made by Duke Power engineers in 1982 for the dredge pond
dike. Subsurface exploration of the foundation and borrow areas, laboratory
testing of the borrow soils and foundation soils, stability analyses and
hydrologic/hydraulic analyses were all done by Duke Power for the dredge pond

project.

In 1984 Duke Power engineers re—analyzed stability of the slopes of the
primary, secondary and intermediate (divider) dikes based on results of updated
shear strength testing of the in-place embankment soils and ash. The data for
the re-analyses were obtained by Duke by drilling nine soil test borings,
obtaining relatively undisturbed (Shelby) tube samples in the borings,
performing laboratory triaxial shear tests, as well as classification tests onm
the samples, and performing field vane shear tests in the ash. Piezometers were
installed in all the borings. As a result of these re-analysés, design drawings
and specifications were developed for comstruction of the berm at the divider

dike.
3.1.1 Slope Stability:

The latest slope stability analyses (1984) of the primary, secondary and
intermediate (divider) dikes used design parameters for soil and ash as shown in
the following table.

-1

LAW ENGINEERING TESTING COMPANY




Material
Foundation Soil
Original Fill
1968 Fill
1976 Fill

Consolidated Ash
Unconsolidated Ash

(1) scu
(2) 8CUe =

scutl)

Unit Wt. Parameters
124.6 pct - -
121.7 pcf  ¢=130, ¢=800 psf
121.5 pef $=180, ¢=500 psf
122.8 pef $4=239, c=750 psf

91.0 pef - -

91.0 pcf - -

for Pore Pressure (R)

A computer program (LANSLI) which uses a method of analysis similar to the

Ordinary Method of Slices was used in the analyses of static slope stability.

The results of the 1984 analyses were as follows:

Structure

Primary Basin
Dike

Secondary Basin
Dike

Intermediate Dike
{Without Berm)

Intermediate Dike
(With New Berm)

Condition
Steady State Seepage

Rapid Drawdown
(E1. 535 to 53302

Steady State Seepage

Rapid Drawdown
(El. 527 to 522)

Steady State Seepage

Rapid Drawdown
(E1. 535 to 530)

Steady State Seepage
Rapid Drawdown
(E1. 535 to 530)

scue(2)
Parameters
$4°=280, <¢"=800 psf
$7=270, <¢"=700 psf
$°=320, <¢”=300 psf
$7=330, =0

n

¢"=300, c¢"=0
$7=160, =0

= Saturated Consolidated Undrained Triaxial Test (R)
Saturated Consolidated Undrained Triaxial Test Corrected

Calculated
Slope Factor of Safety (FS)

Upstream 1.36%
Downstream 1.40%%
Upstream 1.27
Upstream 3.43
Downstream 1.45%%%
Upstream 2.58
Upstream 1,42%=%
Downstream 1.01
Upstream 1.27
‘Dowvnstream 1.01
Downstream >1.50
Downstream 1.27

* Calc. FS is for approx. 9-ft deep potential failure arc.

*¥%

Fedkek

failure arcs have FS > 1.5

Calc. FS is for a potential failure arc of about 5 ft deep.

Deeper potential

Factors of

safety in range of 1.30 to l.40 were calculated for potential failure arcs

less than 5 ft deep.

Calec. FS is for shallow potential failure arc.

arcs have F§ > 1.5,

LAW ENGINEERING TESTING COMPANY
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In the 1982 amalyses of the dredge pond dike the following design soil

parameters were used:

yu(1) SCU . SCUe
Material Unit Wt Parameters Parameters Parameters
Foundation Soil 130.1 pef - - $4=31.50, ¢=0 ¢"=300, ¢"=500 psf

Borrow Soil 118.9 pcf ¢=139, ¢=500 psf -— - ~— -
Borrow Soil 128.8 pcf — - - --  §7=329, ¢”=50 psf

(1) Unconmsolidated Undrained Triaxial Test (Quick Test)

The results of these amalyses of the dredge pond dike downstream slope indicated
minimum calculated factors of safety of 2.63 for the end of construction

condition and 1.77 for steady state operating conditions.

As noted in the previous independent inspection report, the calculated
factors of safety of the downstream slope of the original main dike of the dry
storage basin were 1.42 for end of construction amd 1.57 for steady state

conditions. The design parameters for the borrow soils were as follows:

Moist Saturated [i}1] 5CUe
Material Unit Wt. Unit Wt. Parameters Parameters
Borrow Soil 120 pef 124 pcf $=129, ¢=500 psf ¢7=289, ¢"=150 psf

As noted in the 1981 independent inspection report, the slope safety factor
criteria recommended by Law Engineering and adopted by Duke Power (during the
1976 modifications) were 1.25 for end of comstruction and 1.40 for steady state
seepage condition. For rapid drawdown conditions Duke used a minimum safety

factor criterion of 1.2 which is that recommended by the Corp of Engineers.
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As shown by the results given previously, the calculated factors of safety
from Duke’s most current analyses of the various dikes generally meet or exceed
the above minimum safety factor criteria. The factor of safety for the upstream
slope at one section of the primary basin dike was computed to be slightly less
than l.4 for an approximately 9-ft deep potemtial failure arc umder steady
seepage conditionms, and some very shallow potential failures were computed to
have factors of safety in the range of 1.30 to 1.40 for other dike slopes under
steady seepage conditions; however, deep seated potential failure arcs were
computed to have factors of safety greater tham 1.5 under steady seepage
conditions for all the dikes, including the intermediate dike with the new berm.
From field observation, the as-built configuration of the berm on the downstream
side of the intermediate dike appeared to be more substantial and thus more
"stabilizing" than the one used in Duke’s stability analyses. The downstream
side of the intermediate dike was not analyzed by Duke for rapid drawdown of the
secondary basin level, presumably because the ash level is at approximately the

full pond elevation (525 ft-MSL) next to the dike on the secondary basin side.

3.1.2 Hydrology and Hydraulics:

Approximate analyses of bydrology and hydraulics of the ash storage basins
at the Dan River Steam Station are presented on pp. 9-10 of the 1981 independent
inspection report. In those analyses a design storm with a 100-year recurrence
interval was checked and all the basins were found to be hydrologically safe
against this storm (7.4 inches in 24 hours).

L}

The indicated spillway design flood (SDF) for the '"wet" primary and

secondary basins is the 100-year flood to 1/2 PMF (Probable Maximum Flood) by
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the Corps of Engineers criteria; accerding to the criteria inm the North Carolina
Dam Safety regulations, the SDF is that resulting from 1/3 PMP (Probable Maximum
Precipitatiom)., Thus, the primary and secondary basins were rechecked for 1/3
PMP using the approximate, conservative procedures outlimed in the 198l report.
The 6~hour, PMP rainfall depth is 29.3 inches (Fig. 2-4, SCS TR-60); adjusting
for 24~hour duration the PMP rainfall depth is 36.8 inches (Fig. 2-6B, SCS TR-
60) and thus the 24-hour, 1/3 PMP rainfall depth is 12.3 inches.

Pertinent

hydrologic data and results of the re-analyses are summarized below:

storage basin.

West (Primary)} Basin

Drainage Area (Including 1l acres from

yard drainage): 4l+ acres
Top of Spillway Elevation (Max. Stop-log Height): 535 ft-MSL
Top of Dike Elevation: 540 ft-MSL

Time of Concentration:
Curve Number (CN):

0 (instantaneous)
100 (1007 Runoff)

Base Flow (From Sump and Ash Sluice Lines): 5 cfs

Pond Elevation at Base Flow: 535.35 ft~MSL
Peak Inflow (1/3 PMP=12.3 inches): 1% cfs

Peak Outflow: 34 cfs

Peak Pond Elevationm: 536.3 ft-MsSL
Freeboard: 3.7 ft

East_ {Secondary) Basin

Drainage Area: 24+ acres

Top of Spillway Elevation (Max. Stop-log Height): 525 ft-MSL
Top of Dike Elevation: 530 ft-MSL

Time of Concentration:
Curve Number (CN):

0 (instantaneous)
100 (100Z Runoff)

Peak Inflow (1/3 PMP=12.3 Inches): 205 cfs
Peak Outflow: 118 cfs
Peak Pond Elevation: 527 .4 ft-MSL
Freeboard: 2.6 ft

Our approximate analyses conservatively ignored the flood attenuating
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safe also for a SDF produced by 1/3 PMP. It is further concluded, on the basis
of the 1981 apalyses, that the dry storage basim (which is not an impoundment)
should still be safe for the 100-year storm. These degrees of hydrologic safety
are contingent upon keeping the outlet structures maintained in good working

order.

The presence of the dredge pond serves to attenuate flood flow through the
dry basin. Review of Duke’s calculations indicates that the dredge pond was
designed to have about 1 ft of freeboard under a SDF produced by the 100-year,
24-nour duration rainfall. The rainfall amount of 8.5 inches which was used in
the analysis apparently was misread, on the conservative side, from the rainfall
maps in the Rainfall Frequency Atlas of the United States (TP-40). (Correct
amount is 7.4 inches.) On the basis of our review of Duke’s calculations, it is
concluded that the dredge pond (which also is not an impoundment) should be safe

for the 100-year storm.

3.2 Operations Related to Project Safety

Operation of the Dan River ash basins is described on p. 7 of the 1981
independent inspection report. No major additions or modifications to the ash
storage facilities are anticipated by Duke at this time. Safety related

operations are outlined below.
Safety related operations at the subject facilities involve routine

inspections and maintenance as required. Inspections are carried out by Duke

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

also documented by written reports.
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4,0 FLELD INSPECTION OBSERVATIONS

The field inspection was dome on April 15, 1986 by Mr. Fred C. Tucker, P. E.
of Law Engineering in company with Mr. Tomy Mathis from Duke’s Design
Engineering Department, Mr. Larry Harper with Fossil Operations and Mr. K.
Chandrasuwan from the plant. Weather conditions during inspectiom were partly
sunny to cloudy and mild with a light shower in early aftermoon. Water levels
in the ash basins at the time of inspection appeared to be near the latest

available recorded levels (March 3, 1986) as follows:

West (Primary) Basin 531.5 ft-MSL

East (Secondary) Basin 522.9 ft-MSL

The water levels had been lowered to facilitate the construction of the berm at
the intermediate (divider) dike and were still well below normal operating
levels at the time of inspection though it was understood that they were being
slowly built back up. Conditions cobserved are presented below. Photographs

referenced below are contained in Appendix B.

4.1 Primary and Secondary Basin Dikes and Outlet Works

4,1.1 Crest and Inside Slepe:

Typical views of the crests of the primary basin dike, secondary basin dike
and intermediate dike are shown in Photos 4-1, 4-2 and 4-3, respectively. UNo
obvious signs of settlement or displacement (tension cracking) were observed on

the crests. The crest of the secondary basin dike had been resurfaced with

4-1

LAN ENGINEERING TESTING COMPANY




crusher run stone along most of its length; this resurfacing filled-im ruts that
were noted in the last independent inspection. The intermediate dike also
appeared to have new crusher runm surfacing. Grass was observed to be growing
through the crusher run surfacing along the centerlime of the primary basin

dike. Overall, the dike crests were observed to be in good conditiom.

The inside (upstream) slopes of the dikes were observed to have a good grass
growth that had been recently mowed down to the normal water levels in the
basins. Typical views of the inside slopes of the primary basin dike and the
secondary basin dike are shown in Photos 4-4 and 4-5, respectively; a typical
view of the upstream (primary basin) side of the intermediate dike is shown in
Photo 4-6. No slumps, slides or significant surface erosion were observed on
the inside slopes of the dikes. There still is some minor wave ercsion on the
inside slope of the secondary basin dike. Wave erosion that was noted on the
upstream side of the intermediate dike in the 198l imnspection was not noticeable
in this current inspection due to ash build-up on the slope and growth of
vegetation. In the primary basin the ash surface was observed to be above water

level in much of the basin, and it generally was overgrown with vegetation.

4,1.2 Outside Slope and Toe:

The lower portions of the outside slopes of the primary and secondary basin
dikes nmext to the river were observed to still be heavily overgrown with trees,
bushes, briars and other vegetation as was observed in the 1981 inspection. The
outside slope of the raised portion of the primary basin dike and the upper part
of the outside slope of the secondary basin dike were observed to have a grass

cover as shown in Photos 4-7 and 4-8, respectively. No slumps, slides or major
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erosion were observed on the more visible, grassed portions of the slopes.
Close inspection for slumps, slides or other evidence of shear failure om the
lower portions of the slopes next to the river was not possible due to the dense
vegetation, but none of these conditions was obvious except for a very old slump
area, shown in Photo 4-9, of limited extent on the outer slope above the
rockfill berm at the primary basin dike; the old slump was barely noticeable and
showed no signs of recent movement. At many locations on the outside slope of
the primary basin dike there were bare soil areas that had recently been tracked

with a dozer and hydroseeded; one of these areas is shown in Photo 4-10.

The rockfill berm at the base of the primary basin dike next to the river
was observed to be in good condition though vegetation is beginning to overgrow
the berm in places as shown in Photo 4-11. A shallow animal hole was noted at

one location in the primary basin dike slope just above the rockfill berm.

A light pole located on the outside slope of the raised portion of the
primary basin dike next to the plant entrance road, near where the road veers
away from the dike and toward the plamt, was observed to be leaning out at the
top away from the dike as evidenced by the slack guy wire shown in Photo 4-12.
Between this pole and the mext pole to the morth a slight "bulge" or "hump" in
the outside slope was noticed as shown in Photo 4-13. The next pole to the

north was also observed to be leaning slightly.

The wet area located at the base of the original (1956) dike at the west end
of the primary basin, where the ash sluice and waste water sump lines cross over
to the basin, still exists in much the same way it appeared in the 1981

inspection; a view of part of this area is shown im Photo 4-14. A hole caused
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by seepage erosiom was observed at the base of the dike next to the ash line
shown in Photo 4-14. A view of this hole and orange colored seepage emerging
from it is shown in Photo 4-15; the hole was probed and found to extend
approximately 18 inches horizontally into the toe of .the dike. The erosion
(piping) did not appear to be active at the time of inspection, based on the

lack of soil fines in the seepage.

The toe ditch, located between the plant access road and the toe of the
primary basin dike, that was full of water and wet ground vegetation in the 1981
inspection was observed to be dry in this curremt inspection, possibly due to

the lower basin water level during this inspectiom.

A view of the newly constructed berm on the secondary basin side of the
jntermediate dike is shown in Photo 4-16. As shown, only one level of the berm
is evident; it appeared to be at or near the upper level of the two-level berm
called for by design. Grassing had not yet become well established on the berm
surface, except along the drainage swales where Excelsior blanket had been
installed. No tension cracks, depressioms, slumps or other signs of imnstability
were observed on the berm or along its riprapped toe. Evidence of small boils
in the ash at the toe of the berm was noted at one location, as shown in Photo
4-17, near the southeast quarter point of the dike. The boils were not active
at the time of imspection. A small flow of clear seepage was observed emerging

from the riprapped toe (visible im Photo 4-17).

A wet area, apparently due to poor surface drainage, was noted on the mnorth
side of the secondary basin. A drainage ditch had been excavated to drain the
area into the basin. In our opinion, this wet area has no implicatiom with

respect to safety of the dikes.
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The entrance end of the eastermmost culvert (52/36-inch diameter lines) that
passes beneath the ash basin is shown in Photo 4-18. Seepage from the banks of
the drainage swale upgradient of the entrance still flows into the culvert. A
build-up of sediment was observed at the entrance as shown in Photo 4-18. The
outlet end of this culvert is shown in Photo 4-19. A close-up inspection of the
water being discharged revealed no sediment or ash being carried by the water.
The concrete apron below the outlet was observed to be cracked and undermined.
The outlet end of the other culvert (48-inch diameter line) which passes beneath
the middle of the primary basin is shown in Photo 4-20. The water flowing from

this culvert was observed to be clear in a close-up inspection.

Trees and dense undergrowth still cover the area between the steep river
bank and the toe of the dikes, except where the rockfill berm exists. The
alluvial riverbank was inspected from a boat to check for any major seeps, holes
or evidence of potential piping. Nonme of these conditions was observed. Some

bank undercutting caused by river scour was cobserved.

4.1.3 Outlet Structures:

The visible part of the primary drainage tower is shown in Photo 4-21, and
the downstream end of the 36-inch diameter reinforced concrete pipe (RCP) outlet
for the tower is shown in Photo 4-22. The drainage tower appeared to be in good
condition except for the rusty steel frame on top of the tower. Also, ash was
observed to be built-up around much of the tower perimeter, and the skimmer
structure was observed to be grounded on the ash. No dropouts were observed in
the embankment material over the outlet pipe; no seepage was observed around the

outlet end of the pipe.
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The visible part of the secondary drainage tower is shown in Photo 4-23; the
outlet end of the 36-inch diameter reinforced concrete discharge pipe is shown
in Photo 4~24, These structures also appeared tc be in good condition though
the steel frame on top of the drainage tower is alsc rusted. No obvious signs
of seepage and piping of soils around the outlet pipe were observed. The

discharge from the pipe was clear flowing.

4,2 Dryv Ash Storage Basin Dike and Outlet

The crest, upstream slope and downstream slope of the maximum height section
of the dry ash storage basin dike are shown in Photos 4-235, 4-26 and 4-27,
respectively. As shown, grass has not been very well established on the slopes
of this dike. However, the slopes recently had been tracked with a dozer and
hydroseeded. No tension cracks or significant depressions were observed on the
crest, and no slumps, slides or other signs of shear failure were observed on
either the upstream or downstream slopes. Some seepage or wet areas vere
observed just below the toe drains at the higher sections of the northeast and
southwest portions of the dike. A view of the wet area at the toe of the
southwest portionm of the dike is shown in Photo 4-28; this is typical of the wet
conditions observed. Some of the seepage from this area comes from a spring in

natural ground down-gradient of the toe, rather than from the toe drain.

The dry ash basin drainage tower is shown in Photo 4-29, and the outlet end
of the 36-inch dismeter RC bottom discharge pipe is shown in Photo 4-30. These
structures were in good visual condition. Some trash was accumulated on the bar
screens of the drainage tower. No dropouts or leakage were observed in the
embankment soils where the outlet pipe is buried through the dike and railroad
embankment .
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4.3 Dredge Pond Dike

The crest and downstream slope of the dredge pond dike are shown in Photos
4~31 and 4-32, respectively. No major depression or temsiom cracks were
observed on the crest. The downstream slope was only sparsely grassed; it had
recently been tracked with a dozer and hydroseeded. WN¢ signs of instability
were observed on the downstream slope. The upstream slope is almost completely
buried with ash; only the upper several feet are visible. A small, practically
imperceptible flow of clear seepage was observed at the downstream toe of the
dike. The two 24—inch diameter outlet pipes located through the right end of

the dike were observed toc be unobstructed and in good condition.
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5.0 PREVIOUS INSPECTIONS AND PERTINEKT REPORTS

As previously mentioned, Duke Power design engineers make annual inspections
which are documented. The annual inspection reports for the past 4 years (1982,
1983, 1984 and 1985) were reviewed. None of these reports indicated any serious
conditions which would immediately jeopardize the safety of the Dan River ash
retention dikes. Some of the same conditions reported im this current
inspection were noted. The slight bulge and leaning light poles on the ocutside
slope of the raised portion of the primary basin dike next to the plant entrance

road were first noted in Duke’s 1984 inspection report.
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6.0 MONITORING INFORMATION

In 1984 nine piezometers (Pl through P7, P9 and Pl0) were installed im the
dikes which impound the primary and secondary basins: two (Pl and P2) were
installed in the secondary basin dike, five (P3 through P7) were installed in
the primary basin dike, and two (P9 and P10) were installed in the intermediate
(divider) dike. The piezometers were installed to depths ranging from 10 to 20
ft; each was sealed 7 ft above the bottom of the 1/2 inch diameter PVC
piezometer tube which was slotted in the bottom 5 feet. Water level readings in
the piezometers have been taken on a monthly basis since October, 1984. The
primary and secondary basin water levels are also recorded on a monthly basis

along with the piezometer readings.

Nine settlement monuments (M1 through M9) were installed on the crest of the
dry ash storage basin dike im 1980, but monitoring of elevations on these
monuments was not begun till September, 198l1. The elevations were surveyed

monthly through October, 1982, then yearly beginning in February, 1983.

Approximate locations of the monitoring instruments are shown on Figure 4 in
Appendix A. Furnished time versus reading plots of the imstrumentation data are
included in Appéndix C; the monitoring record shown by these plots extends to
March, 1986. The individual readings of the piezometers and of the water levels
in the basins are also included in Appendix C for reference. Comparisons of the
highest recorded piezometer levels with the design phreatic line are shown on

four cross sections in Figure 8 in Appendix A.

The monitoring record indicates that the water levels in the primary basin
were below the maximum stop-log elevation 535 ft-MSL during the period of
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available record (October, 1984 through March, 1986) and fluctuated between a
low at 528.4 ft-MSL on August 21, 1985 and a high at 533.4 ft-MSL on November
13, 1985. The recorded water levels in the secondary basin generally were below
the maximum stop-log elevation 525 £t-MSL, except for a high of 525.4 ft-MSL om
February 22, 1985; the recorded low was 519.9 ft-MSL on October 2, 1985. The
differential water level between the primary and secondary basins generally was
less than 10 ft except in October-December, 1985 when the differential level was

greater than 11 feet (11.2 ft maximum in December, 1985).

The two piezometers (Pl and P2) in the secondary basin dike have shown water
level fluctuations in the range of 3 to 4 feet with no apparent upward tremnd in
water level. The fluctuations appear generaily to have been directly influenced
by fluctuations in the secondary basin water level. The recorded water levels
in those piezometers were below the elevations of the seals; thus, these
piezometers were functioning like observation wells. The highest recorded level
in Pl on the crest was just slightly above (by less tham 0.5 ft) the phreatic
line used in stability analysis; that in P2 on the outside slope was well below

the phreatic line used in the analysis.

Three of the piezometers (P3, P4 and P5) are located on a section of the
primary basin dike next to the river and two (P6 and P7) are located on a
section next to the plant access road. Water levels in the piezometers (P3 and
P6) located on the crest have shown very little fluctuation, less that 1 foot.
Water levels in the piezometers (P4, PS5 and P7) located on the outside slope
have shown wide fluctuations, on the order of 6 ft at the section next to the

river (P5) and over 9 ft at the section next to the plant access road (P7).
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None of the fluctuations in piezometer levels in the primary basin dike have
shown any correlation with the fluctuation im level of water in the basin. In
fact, the highest levels recorded in P4, P5 and P7 occurred when the primary
basin water level was at its lowest; these three piezometers had an unusual,
gradual rise in water levels beginmning in April, 1985, rising to a peak in
August, 1985, then falling back to near previous levels by January, 1986. No
permanent increasing trend in the water levels is evident. The maximum recorded
water levels at the piezometers in the primary basin dike were below the
phreatic line assumed in stability calculations, except that at P7 which was
less than 1 ft above the design phreatic lime. Typical water levels in all
these piezometers were below the design phreatic line. Only P5 functioms as a
true piezometer {(water levels located above seal) all the time. Except for the
highest recorded levels in P7, the other piezometers in the primary basin dike

function as observation wells.

The two piezometers (P9 and PI0) in the intermediate dike also function as
observation wells. That (P9) located on the crest has shown a fluctuatien of
less than 2 ft in water levels, and P10 on the downstream side has shown a
maximum water level fluctuationm om the order of 4.5 feet. (No readings were
made in P10 after September, 1985 due to construction of the berm.) The bottom
of piezometer P9 is just below the design phreatic line; thus the highest
recorded water level in this piezometer was somewhat above the design phreatic
line by approximately 1.5 ft; however, this piezometer has been typically dry
during the period of available record. The maximum recorded water level in P10
was below the design phreatic line. No increasing trend in water levels 1in

these pilezometers is apparent,
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As indicated above, most of the piezometers actually function as observation
wells since the recorded water levels have generally been below the elevation of
the seals in the piezometers. It is noted that true piezometers do not give a
direct measure of the phreatic surface (free surface). In most embankment dams,
where there is a downward component of seepage flow, the pressure head or
piezometric surface is lower thanm a hydrostatic distribution below the phreatic
surface. This should be kept in mind when comparing recorded piezometer levels

with the design phreatic lime.

Monitoring of the settlement monuments on the dry ash storage basin dike has
shown no significant settlement. In fact, most of the monuments have shown a
slight net heave. Two monuments (M2 and MS5) have shown a slight net settlement
of 0.12 inch. These indicated movements probably fall within the margin of

error for the survey.

Monitoring also has been done of the inflow and outflow at the 52/36-inch
diameter culvert under the ash basin. According to Duke’s yearly inmspection
reports this monitoring has noted no significant difference between inflow and
outflow, thus indicating mo significant seepage into the culvert at the joints.
This monitoring apparently has been based on visual observation and qualitative

assessment of the flow rates.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

The dikes and outlet structures at the Dan River ash basins are in
relatively good visual condition. There are no obvious visual signs of imminent
instability or serious inadequacy of amy of the project works that would require
emergency remedial action. Visual inspection is still hampered by the dense
vegetation growing on the lower part of the outside slopes of the
primary/secondary basin dikes next to the river. Overall, the conditions of the

dikes are mot appreciably different than observed in the 198l inspection.

In our opinion, the engineering analyses, as reviewed and supplemented by
this report, give an adequate indication of the hydrologic capabilities of the
Dan River ash retention dikes. The project’s degree of hydrologic safety, based
on the results of the latest hydrologic evaluatiom, meets the criteria
established by the Corps of Engineers and N.C. Dam Safety regulations. Other
than the vegetative growth around the inlet of the primary drainage tower and
the ash build-up which is causing problems with the skimmer structure at the
tower (see Photo 4-21), no conditions were observed that would have a
potentially serious impact on the assumﬁtions used in the flood routing
analyses. The vegetation should not be allowed to become so prolific as to
restrict flows through the tower. No further study of hydrologic safety with

respect to downstream flood hazard appears warranted at this time.

Duke Power’s latest slope stability analyses of the Dan River dikes indicate

computed factors of safety that generally meet or exceed the minimum safety
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during the time that there was a gradual large rise in recorded water level in
piezometer P7 (and in piezometers P4 and P5). The bulge may be a manifestation
of the uplift at a local weak zonme or thinner zone of embankment soil over the
ash. The cause of the leaning of the nearby light poles may somehow be related
to the unusual "surge" of pore water pressures, possibly by reducing the
effective weight of the materials in which the poles are embedded and thereby
reducing the lateral load resistance of the frictional materials. There appears
to be no reasonable explanation for the gradual rise, then fall of the water
levels in piezometers P4, P5 and P7. The bulge should be investigated by making
a soil test boring and installing a piezometer and observationm well as
recommended in the following section. The area of the bulge and leaning light
poles should be closely monitored, particularly when high water level readings
are being recorded in the piezometers; during such times particular attention

should be paid to any water bubbling up around the poles or at the bulge.

The gradual seepage erosion that created the hole in the toe of the dike in
the wet area at the west end of the primary basin does not currently threaten
safety of the dike. (The erosion was perhaps more active during the time of the
"surge" in the recorded water levels in the piezometers.) The area should be

protected against further erosion by placing am inverted filter over it.

The boils in the foundation ash at the toe of the new berm at the
intermediate dike may have occurred during construction of the berm as a result
of consolidation of ash, or they may have occurred when the differential water
level between the primary and secondary basins was greater than 11 ft in October
through December, 1985. The cause of the boils should be investigated to
determine if a maximum differential water level should be established to prevent

their occurrence.
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The wet toe areas at the dry ash storage basin dike do not threaten the
stability of the dike. The gradual flows of clear seepage from the toe drains
indicate that the drains are functioning. The wet area at the toe of the dredge

pond dike also does not threaten the stability of that dike.

Methods of maintenance and surveillance, as they relate to overall project
safety, appear generally to be adequate. Maintenmance should be provided as
necessary to keep a good stand of erosion resistant grass on the slopes of the
dikes. Vegetation growth around the primary drainage tower and trash around the
dry ash basin drainage tower should not be allowed to restrict flow into these
towers. The steel frames on top of the primary and secondary drainage towers
are in need of painting. The sediment build-up at the entrance of the 52/36~
inch diameter culvert should be removed. The need for establishing a maximum
operating differential water level between the primary and secondary basins

should be investigated as previously mentioned.

The monmitoring program appears adequate, except that it would be desirable
to quantitatively (rather than qualitatively) monitor the inflow and outflow at
the 52/36-inch diameter culvert, as recommended in the 1981 inspection report,
to check for joint leakage. It would alsp be desirable to do quantitative
monitoring of inflow and outflow of the 48-inch diameter culvert that also
passes beneath the ash basinj part of this culvert is constructed of corrugated
metal pipe which would be expected to have less lomgevity of satisfactory

service thar the reinforced concrete pipes.

The sett lement momitoring data indicate no large settlements of the dry ash

storage basin dike. The piezometer monitoring data indicate typical water
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3)

4)

5)

If it is determined that the 2H:1V slopes are too steep to alleow
practical maintenance of a grass cover, it is recommended that, at a
minimum, & cleared path be maintained along the toe of the dikes next to
the river and all thick underbrush on the slopes be cut and removed
prior to the annual inspections. Trees larger than about 6 inches in
diameter should not be allowed to grow on the dike slopes; trees

approaching this size should be cut with a chain saw and removed.

Quantitative monitoring of the basin water levels and the piezometer
water levels should continue on a monthly basis. Yearly monitoring of
the settlement monuments on the dry ash storage basin dike should
continue more as a means of monitoring the crest for shear displacements
from potential slope failures than as a means of monitoring

consolidation settlements.

It is recommended that quantitative monitoring of inflow and outflow be
done at the culverts which pass under the ash basin to check for
potential leakage. It is recommended that this monitoring be done at 6-
month intervals. If there is a significant difference between inflow
and outflow, or whenever there is some cause to suspect leakage, the

inside of the culverts should be inspected for 1leakage.

It is recommended that a soil test boring be made at the slight bulge on
the raised portion of the outer slope of the primary basin dike mext to
the plant access road to explore subsurface conditions at the bulge.
The boring should extend through the embankment and underlying ash down

to the residual soil beneath the ash. Standard penetration testing

7-8

LAW ENGINEERING TESTING COMPANY




6)

7}

should be performed continuously. It is recommended that a piezometer
be installed in the boring and sealed in the foundation ash (i.e., the
seal should be located at the bottom of the embankment) to allow
monitoring of piezometric levels in the ash. It is further recommended
that an observation well for monitoring the phreatic level in the
embankment be installed in the same hole above the piezometer seal or im
a nearby hole that does not extend below the bottom of the embankment.
A re-analysis of slope stability of the section at the bulge may be
required if soft soils are encountered and high piezometric and phreatic
levels are indicated. It is recommended that future inspections closely
observe conditions at the leaning light poles and the slight bulge.
Plant personnel should make a special effort to view conditions at these
locations whenever high piezometer water levels are recorded.
Observations of strong seepage flows emerging around the base of the
light poles and at the bulge should be immediately reported to Duke

Design Engineering for evaluationm.

It is recommended that an inverted filter be placed over the hole at the

toe of the dike at the west end of the primary basin.

It is recommended that an investigation be made to determime if a
maximum differential water level between the primary and secondary
basins should be established to prevent the occurrence of boils and
associated piping along the toe of the berm at the intermediate

(divider) dike.
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8)

It is recommended that vegetation be removed from around the weir

openings at the primary drainage tower.

noted in the previous Section 7.l.
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APPENDIX A

Site Location Plan (From 1981 Report)

Site Vicinity (From 1981 Report)

Area Geology (From 1981 Report)

Plan of Ash Retention Dikes (From 1981 Report)

Sections Through Primary and Secondary Dikes
{From 1981 Report)

Typical Sections and Details (From 191 Report)
Secticn at Primary Basin Outlet (New Figure)

Piezometer Readings at Selected Sections
{New Figure)
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Centerline X
Railroad Tracks El. 56 .

. Fipe On Fill ‘r 1984 Fill
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(Field Lacated) See Internal Dram Detail

. SECTION G-G

1" Min.
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Up to E1. 930 on Abutments Groded 1'-8™ Range . Crusher un |
]
L :
. hy Fine Filter &'
Coarsa Filter .
2 Min,
5_,7,,
Fine Filter 3 il
2" . : ‘ Y R
by Blznkat * Drain
s Lt . |
e ._ " ¥
¢ :
4" Crusher Run - KL -

TYPICAL INFERNAL DRAIN DETAILS

=

2 Cutoff Coliars

Noute: See Figurc 4 for Loucetion of s ect an G-G

Ref: Duke Power Comuay Drowi g Mo, 0-1039-M-1,
Latusi Revisioni Dated 11-7-80

LAW ENGINEERING TESTING CO.
CHARLOTTE, NORTH CAROLINA

S
Typical Section dad Detsle-Dry Storage Basn Dike and Quibt
Oan Fiver Asn tsruge Batis
Rockingham Cpunty, North Carolina

JOB NO. CH 458'A IFIGURE &




PRIMARY BASIN
DRAINAGE TOWER

INTERMEDIATE DIKE

NEW BERM BY DESIGN
(AS -BUILY BERM APPEARS

60'- 0 wl<—15'-0" TO HAVE ONE LEVEL AT
| OR NEAR ELEV. 534.5)
. . . EL.5400
| |
I I l ] 2 15|_o||
! E ] "
‘ L.534.5 3 0'-0 EL.530.0
1976 FILL It (NTS) 7|’ s
1i
o~ ]
I ﬂ ! \‘\ \_]
2% SLOPE ———— .
yad \ ° 36" ¢ RCP
EL. 523.5 \/ INV. EL. 526.0
CLASS | PINE POLES
DRIVEN BY DUKE POWER CO.
SECTION H-H

{ SEE FIG. 4 FOR LOCATION)

LAW ENGINEERING TESTING CO.
CHARLOTTE, NORTH CAROLINA

SECTION AT PRIMARY BASIN OUTLET
DAN RIVER ASH STORAGE BASINS
ROCKINGHAM COUNTY, N.C.

JOB NO. CHW 5475 FIGURE 7
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APPENDIX B

PHOTOGRAPHS

LAW ENGINEERING TESTING COMPANY




PHOTO 4-1 CREST OF PRIMARY BASIN DIKE
(TYPICAL VIEW)

PHOTO 4-2 CREST OF SECONDARY BASIN DIKE
(TYPICAL VILW)

LAW ENGINEERING TESTING COMPANY




PHOTO 4-3 CREST OF INTERMEDIATE DIKE
(TYPICAL VIEW)

PHOTO 4-4 INSIDE SILOPE OF PRIMARY SASIN DIXKE
(TYPICAL VIEW)

LAN ENGINEERING TESTING COMPANY




PEOTO  4-5  INSIDE SLOPE OF SECCNDARY BASIN DIKE
(TYPICAL VIEW)

=N

TPHOTO  4-6 UPSTREAM SID
v

SIDE OF INTERMEDIATE DIKE
(TYPICAL VI

W)

LAW ENGINEERING TESTING COMPANY



PHOTO 4-7 OUTSIDE SLOPE OF RAISED PORTION OF PRIMARY
BASIN DIKE NEXT TC RIVER

LAW ENGINEERING TESTING COMPANY




PHOTO 4-9 AREA OF OLD SLUMP CN QUTSIDE SLCOPE OF PRIMARY BASIN
DIKE ABQOVE ROCKCILL BERM

2,

. h % -
PHOTO  4-10 TYPICAL VIEW £F REPALIRS TO BARE sSO0OIL
BASIN OUTSICE SLOPE {(TRACKED WITH DOZER AND HYDROSELDED)

AREAS ON PRIMARY

1AW ENGINEERING TESTING COMPANY



PHOTO 4-11 ROCKFILL BERM AT BASL O PRIMARY BASIN DIKE NEXT TO RIVIR

LAW ENGJNEERING TESTING COMPANY




ey

DHOTO 4-12  LEANTING LIGHT POLE O3 PRIMARY BASIM DIKE NEXT TC PLaNT

ENTRAICE ROAD

LAW ENGINEERING TESTING COMPANY




PHOTO 4-13 SLIGHT "BULGE" ON OUTSIDE SLOPE OF RAISED PORTION
OF PRIMARY BASIN DIXE NzxT TO PLANT ACCESS RCAD

suoTo 4-14  WET TCE ARDA AT WEST D P PRIMARY BAS5TH

LAW ENGINEERING TESTING CCMPANY




PHCTO 4-15

HOLE CAUSED

LAW ENGINEERING TESTING COMPANY

TN WET AREA




2R

LOF L

PHOTO 4-16

NEW BERM ON

SECONDARY BASIN 3IDE OF

LAW ENGINEERING TESTING COMPANY

INTERMEDIATE DIKE

<




PHOTO 4-17 EVIDENCE OF SMAILL BOILS IN ASH AT TOE OF NEW BERM
(BOILS HOT ACTIVE) AND CLEAR SEEPAGE

e
T s ™
e 1Y

-

il

gy

T

-,

ENTRANCE DX

LAW ENGINEERING TESTING COMPANY




- - -

PHOTO 4-19 OUTLET END OF 36-INCH RCP SECTION OF 52/36-INCH
CULVERT BENLCATH ASH BASIN

PHOTC  4-20 OUTLET END OF 48-1NCH CULVERT THAT PASSES BENEATH
MIDDLE OF PRIMARY BASIN

LAW ENGINEERING TESTING COMPANY




A_" s e . P JEBE

PHOTO 1-22 OUTLET END OF 26-INCH RCP PRIMARY EBASIN OUTLET

LAW ENGINEERING TESTING COMPANY




T IHEER AR
[ '![!4! - -
T
o T

PHOTO 4-23 VIFW OF SECONDARY BASIH DRAINAGE TOWER

LAW ENGINEERING TESTING COMPANY



PHOTO 4-24 OUTLET END OF 36-TNCH RCP SECONDARY BASIN OUTLET

L_AW ENGINEERING TESTING COMPANY




PHOTO 4-25 CREST OF MAXIMUM HEIGHT SuCTION OF DRY ASH
STORAGE BASIN DIKE (SW TO NE VIEW)

PHOT 1-26 UPSTREAM SLOPE OF MAXIMUM HEIGHT SECTION OF DRY ASH
STORAGE BASIN DIRE (3SW TO WL VIEW)

{ AW ENGINEERING TESTING COMPANY




_.,.’..il{,-
PHOTO 4-27 DOWNSTREAM SLOPE OF MAXIMUM HEIGHT SECTION
OF DRY ASH STORAGE BASIN DIKE (SW TC WE VIEW)

FHOTO 4-2% WET DOWNSTREAIM TOE AREA OF SOUTHWEST PORTICH OY DRY
ASH STORAGE BASIN DIKE

LAW ENGINEERING TESTING COMPANY




PHOTO 4-29 DRY ASH STORAGE BASIN DRAINAGE TOWER

4-20 SUTIET END OF 36-IHCH RCP OQUTLET FOR ORY ASH STORAGE BASIN

AW ENGINEERING TESTING COMPANY
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APPENDIX C

MONITORING DATA

LAW ENGINEERING TESTING COMPANY
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DAN RIVEP~*GH BASIN A
5 PIEZOMETL READINGS: ﬂ/’;\
Name of Observer: R 7D€rcé - K Peice Date of Observation: /0-12-8¢4
Observed Distance
Elevation Top of
Top of Casing Pipe Elevation of
Piezometer Piezometer | Basin Hater To Water Hater In
Number Drawing |Section | Line | Station Location Tube Elevation Surface Piezometer
Pl D-1039-11 A-A R 27+00 Top of Dike
Downstream Edge 532.97 5723.76 /3.23 "519.714
P2 D-1039-M A-A R 27400 30" Downstream , N
from P1 518,19 573, 9,79 50%.90
P3 D-1039-H B-B A 9+00 Top of Dike - To BoTTvM
Downstream Edge 540.73 £79,39 %/2. 94 £ NO WAEC
P4 D-1039-M B-B A S+00 20" Downstream v ReTTDMA
from P3 532,42 529,39 «/2.69 ¥ NO WarEe
- P5 D-1039-M B-B A 9+00 35" Downstream
from P3 528.22 |52%.39~ | 13.07 S| SIES L
P& D-1039-M D-D L 5+00 Top of Dike
Downstream Edge 543.10 (52939 1 2.7% 536.32
P7 D-1035-H1 D-D L 5+00 20' Downstream
' from P6 535.05 1529.39 3. 11 ~152). 9%
P9 D-1039-M | G-G M 2450 | Top of Dike T 8oTTA
Downstream Edge 543,09 52 ?39 %/ 2.6/ j*‘NO wATEf'\;_
P10 D-1039-M G-G M 2+50 20" Downstream
1 from PO 532.50 |529,39 §.40 524,10
A1l water elevations to be read correct to .01 feet. frj%ﬂﬁ;ﬁ:j

Notes: 1)

LM
——

Frequency of observations:

monthly inte

Send one copy of completed readings to:

rvals

R. 5. Bhatnagar .
Design Engineering

CIVIL syPnany

VROTL T o, e '
N A
RL R } { —

e !

r

1)

OCT § & 1984




Piezometer

DANRIVP™&aSH' BASI
READINGE

PIEZONE]..

E] éVa va 2470

'*ruanas

“Top of &

‘Basin 1'!ater;'."{

. 'Casing Pipe

e ‘ - B _ k] Piezometer: " To Mater « Water In'.
Number Drawing |Section | Line | Station Location Tube -~ | Elevation ~ Surface Piezometer
P1 . | D-1039-M | A-A - [727+00 | Top of Dike : %, O e
. : - il Downstream Edge | - 532,97 7 3’;_':[ /} ‘B’Z
p2 -D-1039-M A-A - R 27+00 30 Downstream -4 - s AE§2.2L.TTC)
S " : from Pl © 518,19 # | W@/ C) %’l
P3 D-1039-H B-B A 9+00 Top of Dike o 10 73",\ 529, {F)
Downstream Edge | 7 540, Mo Lif /z/ ' I3"QOO‘
P4 D-1039-4 | B-B A 9+00. | 20' Downstream N .| 529, 0O ’ oy a0
from P3 532,42 4o windep—| ) 2 5L 4 Mo wate.
PS5 D-1033-M | B-B A 9+00 35' Downstream S2q, OO : .
| from P3 , 528.22 Feq | 4 4] ‘513, 9l~
P6 D-1039-M D-D L 5400 .. | Top of Dike . W | 82,00 ., T
' Downstream Edge | "543.10 {1y oler | /22719 5R0, 3|
P7 D-1039-M | D-D. | L 5+00 | 20" Downstrean 18729, Q0 , - e
C : from P6 535.05 " o 13 0% No aker
P9 D-1039-14 |  G-G M 2+50 | Top of Dike . .. 18529,001( , o
Downstream Edge | ~ 543,09 ™ |\ onfen. 1/2 G\ Ao tiafen-
P10 D-1039-M | "G-G 2+50 | 20' Downstream 5289, OO fo

5'\*0

A1l water elevations to be
“ Frequency of observations:i
© Send. one copy of completed




DAN RIVE/™SH BASIN

PIEZOMETE.~ READINGS

G A

ﬁ mnqwmu copy

. ~ . PNV
Name of Chserver: I/U,;;m MN ¥ m@;?ﬁ. 1N amﬁm of ovmm_émﬁo:. mﬂmﬁ M/I /oﬁwr_
' . ; _ { ‘ '
: BN Co !
_ ;_M:_::_: | _,
oo BERER ?m d Distance
Elevation L Top of
Top of i WE " nmf;m Eﬁm Elevation of
>jezonete Piezometer | Basin Mater _ ) q_o.wzﬁmz Water In
Number Drawing {Section | Line | Station Location Jube Imem?o:_ | | 'Sudface | Piezometer
P D-1039-1 | A-A R 27+00 | Top of Dike A
Downstream Edge m,uN.@_u mw ..rﬂ. DR _ = Ew LA ]
P2 0-1039-H | A-A R~ | 27+00 | 30° Downstream e R L | YT
from Pl °18.19 | =2 Sq .E | 509,24
P3 D-1035-H B-B A 9+00 Top of bike L i Ny _ _
Downstream Edge | '5A0.73 Sl U 9, | _ M ,,:L_.,
P4 D-1039-M | B-B A 9+00 | 20" Downstream | | | m N Oy
from P3 532,42 5L 65 Lo | S B2
P5 D-1039-M | B-B A 9+00 | 35' Downstream , Do BN
L from P3 5¢8.22 S US W 51403
Pé D-1039-M | D-D L 5400 | Top of Dike | m l _
Downstream Edge 543.10 S0, (S Jw: ( ” =S20 .29
P7 D-1039-M D-D L 5+00 20" Downstream , w - ! “
from P6 535.05 52 _FW G 1 5270 . 14
Pg D-1039-M | G-G M 2150 | Top of Dike | | ol b
Downstream Edge 543,09 Sl G _m TI “ w s vl
P10 D-1039-M | G-G M 2450 | 20" Downstreanm N o w
, from P9 532.50 ' | gay s | V67N _ 524, 7T
— Notes: 1) A1l water elevations to be read correct to .01 mmm?“, : "_ 7
1 2) Frequency of observations: monthly intervals i , . _ a_r_ SUFPFCR :H.
. 3) sSend one copy of completed readings to: R. 3. w:mﬁ:m@mﬂ R R N Tk
: Design Engineering o mm @ _,:;D
; : ' . e C — O“r)/ L D ” m
A SUR LTy d(c_c\:m Y ia X0 ésf? = P.Pﬁ b2 ! w , I " _ :C 1 om 1984
, bt - P
: ?.:_._,.u C@ecu ﬁUCJZ r_,r: “ ,CLc,/..,.a ou.ﬁwdm.w T _ ,. " : - DIVISIE:
I ‘ ’ -
_

[
b

FRE N2,




CAN RIYER STEAN STATION
DUKE POWER COMPANY

o=\
BN
S

2022 ls10 Rls20aR g0 520,081 530.221520 191 §31 1O1S20 SS1530.521530. 36530, 28
{595 ypleas ~alesy nalssr el S 20 S2L 151520, 80|83 0,221528 T S22 594 {52, 301 528 3¢

: Al g BASIN PJEZGHETER READINGS & v > = d =
N — # Lﬁ ... n \ 3 o - . .
AN\ ’\JCD\‘\\.(; g f;:.'?:}H O T g5 § 9
L L 2w b & 6 e o L~ b 2
- : g o -
3 e EEEEEEEERE EIFEEEEREEEIPETIERE
Egr‘;U;“E;'“EQ“EQQE'Q”E..“E.:}'"E.:;ZE&:ZE;;:E.::E;;:E
R HE B C I R I I I R A R IER R I
. ' oE 7 ‘msrmcslrnmvmp OF usmsrmtmwma suar#ct'(n.)
sz 1 | P iz an iz e awlis 7 1155 [is.odlizee ies Yidsol Ve ool /s, /9 e oo
5159 (2 | P&, 771 BS6LI ©S910:561 1096 42,007 12.00% 055 101,9¢ 111,78 L /0, 67110, 5]
5303 (11 P 2. a1 129192419 291 P iz ay® iz a92 2090281 9 12,265 12,248 12 258 12 04"
s12.02 14 | P Lip u2Blip uoMip 4oBlie 42232 04 |10ad:) 2201347 | 9,001 [, 1| 1Q.8B 112 /4
s28.22 1S )P lyd-gs iz, sai12 8810025t .ot 9.4, 1 B.28 gazl9,1a! 97510 . >
531,10 16 | P 12 72 129200129200 12, 7 112929 12884 12919 12,00 1255 (r2.58ti2 94 112.82 0
oo mesdrdehie esliz ez 1101200 pogl B890) &S0l di2y | (ag 1 2,09 2,751 9,7
503,05 19 | » L s2ol 4119l 112 474 1252z 48 12 55z 468l 52l iz st g1 o6 | 1]
sz (nnlel (98] L JBI 8021 q22! g8t a2l 110725 208 | 879 ¥ ¥
I e adaat}
( _ 1 -
YL SUPGRT i 5. ;
S L, il 2 1520,231620 811519, (2 1 S17.801517,82 1517 aalszo 1 lsia 31518, LIS 92 | SIRTIDISI8.9¢
‘ F’“d Y B 1509 42 <09, (Al 508, kOIS 07,62 ] 507,221 500.19.. 506,19 | SOLLH 5062615064 | SO1.521507, 68
) 3 | ¢ |22 el o9 polenn o] s2nenls2reels2g.82l S22l 507,82 IS2a 47|58 ¥a | S20 48|S0 4o
8 | 152000520, 04 520.00t520.000 520 38| S 2L 4| S2 22152495 1523921 521 261520, 54152028
? s o Al st s S1422 1516421 S17, 1815176 S19.941 519,20 518 ¢ SI8. 47 157,82
p
p

P |lsrpc 531 ad sy u2ls20.62.050, 571 530,315 20,SH S20,6ASI0STISI0.LY41 531,431 531,92
P 52 552ic24,320524,461522,28]523,251523,291921.781 524 ¢4 023 7 11 K ¥* e

PARSHALL - ‘ -
e uor LFF{L[CASLE) | ‘

Q ‘ - NOTES:

A1) water surface elevations are to be correct to 0.01 aof a foot,

T

2. Parsnall Flume readinn shall be nallons per minute and correct to the nearest C.01 gpa.
3. Type: P - Piezometer, O - Observation Hell.

4,

A11 Plezometer/0bservation Yells are to be comoleted with an elevation.
the depth as follows: A Uet sitty dotim, OOry s1it, »« Hard pottom

5. Send a copy of completed forms, page 1 and 2, ta: Design Enqineering, Mr, 5, B. Hager, Chief Engineer,
Attention: M: S, Sills.

6. Station to retain original and complete the next column 2t the next menftoring interval.

"% Lewel Coure e 'b&‘ Tﬂ-&&‘ &\L"— ‘o \:Q_Slun.. (L;.‘-Le.

1f no water exist, footnote

Conshvuetion .



(-

A TEAN STATION -
. ur CAN RIYER STEre . \
: g o 0 DUKE POWER COMPANY \ &\/ AL SUPRART SIOT0
* , o ICMETE " . —
G - ) ASH BASIN PIE ST
ﬂ I o . it L,y
L E o OWXe, | RELEVED
L v & \ .
= _
J&ggg
ol 4 ﬂ.ﬂ -
a
= ﬁ H e " - . " . " ; 'l
- e o = Soa > oo Peri-= o > Loz | x| - S
= . @ .. == B =3 . = . o .- o o s) i et | e
S |2leluelliobilBezluedil oyl g |t 83|58 'a == |2¢ b
“.S |SlE |58z E|E58|52E1s 283|258 85|888 cSE|E5 8
Lt o PR—
DISTANCE FROM TOP OF CASING PIPE 7O WATER SURFACE (Ft.)
.07 10 1P (/5136 13 L8 _
sigre |2 1Pl 9R 112,007 027
se0.72 |3 | P Iy 28800 21812 28
sz.02 {6 | P {yp yatlliy 28] 1o guf
szg.22 |5 | P lj2 @3 32 113 O3
543.10 L6 | P Iy s iiz e dlyp @g8
s35.05 | 7 | P 42 3112 a78liz a1
563,09 (9 | P 11165 125201095 w
532.50 (12 P e Sher >
[
A S
UATER ELEVATIONS (Ft.)
1 - [sigen]si4,28]gia 2a %
2 18072 IS0 9150742,
3 P oo 4Bleaa s sa s
i )¢ lgigaalzaniglsig.99
5 | ° |sigaalsis, 1a]sts.1d _
§ | °» 1530 70i5a028I520,21 |
7 | P 1z d2i527 281503 14 ,
9 | P lgy), figan 59lsn 2
[ 3 e %
!
| | _
1 f |
[ | |
| _ _
,, | ] | #
|
PARSHALL i |
FLue (yoT xiznpwrs . _ ﬁ _ _ p _
HOTES: 1. Al) water surface elevations are tg be correct to 9.01 of a foot.
2. Parsnall Flume reaginng snall be fqallons per minute and correct to the rearest 0.C1 qpm.
3. Type: P - Piezameter, OW - Observation Well.
4. All Piezometer/Cbservation llells are to be completed with an elevation. 1f no water exist, footnote
the dentn as follows: A liet silty bottm, OO0ry silt, > Hard oottom
§. Send a copy of comgleted forms, page | and 2, to: Design Enagineering, Hr, 5. B, Hager, Chief Engineer,
Attentian: H. 5. Sills.
6.

Station tp retain eriginal ang complete the next columa at the next monitoring interval.

.% Leve! covmwett e veod due g FPm.r-.(. dl e corikvuctionm
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DAN RIVER MONUMENT SETTLEMENT READINGS (DAN2-81-84)

559.90 —
T RRE :
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559. 80— 4-+—F-4-¥ P
1] e et ~— —It
59. 70~ — Koyl T
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