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July 7, 1986

North Carolina Utilities Commission <-»vVkOK\ ^ \
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Attn: Ms. Sandra J. Webster \ * ^^$#3^
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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, SSS-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 located 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 soils are encountered and high piezometric
and phreatic levels are indicated. The other recommendation will be addressed and
handled as appropriate.

Yours very truly, (V

S.B. Hager, Chief Engineer y^ J
Civil/Environmental Division /v* Q\ «^\

By: S.G. Crews, Supervising Design Engineer f^K
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LAW ENGINEERING TESTING COMPANY

geotechnical, environmental & construction matenals consultants

501 MINUET LANE
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(704) 523-2022

June 20, 1986

Mr. S. B. Hager, Chief Engineer
Duke Power Company
Civil/Environmental Division
P. 0. Box 33189

Charlotte, North Carolina 28242

Attention: Mr. R. S. 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 547 5

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. SSS-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.

Very truly yours,

LAW ENGINEERING TESTING COMPANY

FCT/CES:tmc

A t" i" o i->llmo«i t- .

rred C. Tucker, P. H
Senior Geotechnical Engineer

i. O^ru^jQc

Clay %} Sams, P. E.
Geotechnical Consultant
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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 4581A),

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 change or

where it is of particular interest or of use in describing the overall condition

of a specific project structure. Liberal use is made of photographs to minimize

descriptions. The photographs are used to illustrate general conditions of

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

1.2 Purpose and Scope

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

the limitations of surficial field inspection and office review of available
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data,recordsandoperatinghistory,anyactualorpotentialdeficiencies,

whetherintheconditionoftheprojectworksorinthequalityoradequacyof

projectmaintenance,surveillance,ormethodsofoperation,thatmightendanger

publicsafety.Theobjectiveistorecommendimmediateactionforpublic

protectionwherenecessary,furtherstudiesandanalyseswhererequired,and

acceptanceofthepresentconditionofthedikesiftheengineeringdataand

inspectionssojustify.

Areviewwasmadeofallavailablerelevantreportsonthesafetyofthe

development.TheseincludereportsbyorforFederalorStateagencies,

submittedunderNCUCregulations,andreportsofinspectionsperformedbyDuke

engineers.Adetailedsystematicvisualinspectionoftheprojectworkswas

performed.Arelativelydetailedphotographicrecordwasmadeofthevisible

conditionsoftheprincipalprojectworks.Reviewwasmadeofallavailable

relevantdataconcerningthestabilityandoperationaladequacyoftheproject

works.Baseduponresultsoftheabovework,anengineeringopinionisgivenof

thegeneralconditionandadequacyofthedikes,aswellasanassessmentofthe

qualityandadequacyofmaintenance,surveillance,andmethodsofproject

operationfortheprotectionofpublicsafety.

Thepurposeandscopeofthisinspectionandreportareconsistentwiththat

outlinedinDukePowerCompany'sSpecificationNo.SSS-0502-02,"Specifications

forInspectionofFacilitiesasRequiredbytheNorthCarolinaUtilities

Commission"datedFebruary14,1986.
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1.3 Authorization

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.
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2.0 PROJECT INFORMATION

2-1 Location, General Description and Relevant Historical Information

The Dan River Steam Station 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 one mile of earthfill dikes. These basins have evolved to

their present configurations 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 constructed on the lower (secondary basin) side of the

intermediate dike to increase the factor of safety of the downstream slope.
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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: one 15-ft wide level at nominal elevation 5J4.5 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.O.T. Class C riprap.
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1 *» ENGINEERING TESTING r-nMP»Mv



Thereareseveralpipeculvertswhichpassbeneaththeprimaryashstorage

basinanddike.Theseculvertsprovidedrainagedirectlytotheriverof

surfacerunofffromadjacentareasonthenorthsideofthebasin.

Theoriginaldikeforthedryashstoragebasindikewasdesignedtohave

2.5H:1Vsideslopesand15-ftwidecrestatelevation560feet.Themajor

heightportionsofthisembankmentweredesignedtohavetoedrains,andthe

maximumheightsection,whichisapproximately40ftabovethetoe,alsowas

designedtohaveaninternalblanketdrain.

Thedredgeponddikeconstructedin1982wasdesignedtohave2.5H:1Vside

slopesand12-ftwidecrestatelevation560feet.Themaximumheightofthe

dikeisapproximately25feet.Notoedrainorotherinternaldrainagemeasures

werecalledforinthedesignofthisdike.Ariprap-linedditchextendsalong

theentiredownstreamtoeofthedike.

Drainagefromtheprimary(upper)basintothesecondary(lower)basinis

throughadrainagetoweranda36-inchdiameterdischargepipeofreinforced

concretelocatedatthebottomofthetower.The"primary"drainagetoweris

approximately8.7ftsquareofreinforcedconcrete;ithastwo4-ftwideopen

sideswhicharefittedwithremovableprecastconcretestoplogs.Themaximum

stop-logelevationis535ft-MSL.Thedischargepipeisapproximately100-ft

longandpassesthroughthebottomofthenorthendofthedividerdike.

Drainagefromthesecondarybasintotheriveristhroughasimilar

reinforcedconcretedrainagetowerwhichhasfour4-ftwideopensidesfitted

withremovableprecaststoplogs;themaximumstop-logheightiselevation525

ft-MSL.Dischargefromthis"secondary"drainagetoweristhrougha175-ft
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long, 36-inch diameter (RCP) discharge pipe that passes north-south 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 one 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 5-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 sides 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 inserting stop logs in the open sides.

Additional descriptions of the physical characteristics of the above

structures are presented on pp. 2-4 of the 1981 report. Plan and section views

and selected details of the primary and secondary basin dikes, the divider dike
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and the dry storage basin dike are shown on Figures 4 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 consultant

inspection is presented on pp. 4-8 of the 1981 report. Since that time the most

significant changes or additions 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 locations).

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. S. Army Corps of Engineers

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

Regulations. The maximum height, 60 ft, dictates the size classification. The
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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 Geology 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 Carolina and into southern 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 in

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 Basin are fault

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

Sedimentary rocks within the Basin consist of elastics from conglomerates to

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 various 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 tectonic 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 Piedmont 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 Coramunity
Development.

Law Engineering Testing Preliminary Safety Analysis Report for Cherokee Nuclear
Company Station, Appendix 2C, Geology: Duke Power Company.

1974

Thayer, P.A. Stratigraphy and Geology of Dan River Triassic Basin,
1970 North Carolina: Southeastern Geology, Vol. 12, No. 1,

pp. 1-31.
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3.0 ENGINEERING AND OPERATIONAL 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 1981 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 we 11 as classification tests on

the samples, and performing field vane shear tests in the ash. Piezometers were

installed in all the borings. As a result of these re-analyses, design drawings

and specifications were developed for construction 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.
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Material

Foundation Soil

Original Fill
1968 Fill

1976 Fill

Consolidated Ash

Unconsolidated Ash

Unit Wt.

124.6 pcf
121.7 pcf
121.5 pcf
122.8 pcf
91.0 pcf
91.0 pcf

scud)
Parameters

4=13°, c=800 psf
<t=18°, c=500 psf
4=23°, c=750 psf

SCUe<2)
Parameters

4.'=280, c'=800 psf
d'=270, c'=700 psf
(t'=32°, c'=300 psf
o'=33°, c'= 0
o'=30O, c'= o

d.'=160, c'= 0

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

(2) SCUe = Saturated Consolidated Undrained Triaxial Test Corrected
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
(El. 535 to 530)

Steady State Seepage

Rapid Drawdown
(El. 527 to 522)

Steady State Seepage

Rap id Drawdown
(El. 535 to 530)

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

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

Downstream 1.01

Downstream >1.50

Downstream 1.27

* Calc. FS is for approx. 9-ft deep potential failure arc. Deeper potential
failure arcs have FS > 1.5

** Calc. FS is for a potential failure arc of about 5 ft deep. Factors of
safety in range of 1.30 to 1.40 were calculated for potential failure arcs
less than 5 ft deep.

*** Calc. FS is for shallow potential failure arc. Deeper potential failure
arcs have FS > 1.5.

3-2

;LAW ENGINEERING TESTING COMPANY.



In the 1982 analyses of the dredge pond dike the following design soil

parameters were used:

UU<D SCU . SCUe
Material Unit, Wt Parameters Parameters Parameters

Foundation Soil 130.1 pcf — — d>=31.5°, c=0 <J.'=30°, c'=500 psf
Borrow Soil 118.9 pcf 4=13°, c=500 psf
Borrow Soil 128.8 pcf -- ~ — — $'=32°, c'=50 psf

(1) Unconsolidated Undrained Triaxial Test (Quick Test)

The results of these analyses 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 and 1.57 for steady state

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

Moist Saturated UU SCUe

Material Unit Wt. Unit Wt. Parameters Parameters

Borrow Soil 120 pcf 124 pcf 4=12°, c=500 psf 4'=28°, c'=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 construction 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 1.4 for an approximately 9-ft deep potential failure arc under steady

seepage conditions, 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 than 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 hydrology 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 hydro logically safe

against this storm (7.4 inches in 24 hours).

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; according to the criteria in the North Carolina

Dam Safety regulations, the SDF is that resulting from 1/3 PMP (Probable Maximum

Precipitation). Thus, the primary and secondary basins were rechecked for 1/3

PMP using the approximate, conservative procedures outlined in the 1981 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:

West (Primary) Basin

Drainage Area (Including 11 acres from
yard drainage): 41+_ acres

Top of Spillway Elevation (Max. Stop-log Height): 535 ft-MSL
Top of Dike Elevation: 540 ft-MSL
Time of Concentration: 0 (instantaneous)
Curve Number (CN): 100 (100% 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): 196 cfs
Peak Outflow: 34 cfs
Peak Pond Elevation: 536.3 ft-MSL

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: 0 (instantaneous)
Curve Number (CN): 100 (100% 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

capacity of the dry storage basin and the filled-in dredge pond within the dry

storage basin. It is concluded that the primary and secondary basins should be
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safe also for a SDF produced by 1/3 PMP. It is further concluded, on the basis

of the 1981 analyses, that the dry storage basin (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-hour 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 Proiect 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 out 1ined 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 inspections

by outside consultants are performed per NCUC regulations; these inspections are

also documented by written reports.
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4.0 FIELD INSPECTION OBSERVATIONS

The field inspection was done on April 15, 1986 by Mr. Fred C. Tucker, P. E.

of Law Engineering in company with Mr. Tony Mathis from Duke's Design

Engineering Department, Mr. Larry Harper with Fossil Operations and Mr. K.

Chandrasuwan from the plant. Weather conditions during inspection were partly

sunny to cloudy and mild with a light shower in early afternoon. 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 observed 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 Slope:

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. No

obvious signs of settlement or displacement (tension cracking) were observed on

the crests. The crest of the secondary basin dike had been resurfaced with
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crusher run stone along most of its length; this resurfacing filled-in ruts that

were noted in the last independent inspection. The intermediate dike also

appeared to have new crusher run surfacing. Grass was observed to be growing

through the crusher run surfacing along the centerline of the primary basin

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

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 erosion on the

inside slope of the secondary basin dike. Wave erosion that was noted on the

upstream side of the intermediate dike in the 1981 inspection 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 next 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 on 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 plant, 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 next pole to the north 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 in Photo 4-14. A hole caused
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by seepage erosion 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 current inspection, possibly due to

the lower basin water level during this inspection.

A view of the newly constructed berm on the secondary basin side of the

intermediate 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, depressions, slumps or other signs of instability

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 inspection. A small flow of clear seepage was observed emerging

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

A wet area, apparently due to poor surface drainage, was noted on the north

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 implication with

respect to safety of the dikes.
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The entrance end of the easternmost 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. None of these conditions was observed. Some

bank undercutting caused by river scour was observed.

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 to be in good condition though

the steel frame on top of the drainage tower is also 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 Dry 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 4-25, 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 were

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 portion 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 diameter 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

4-3 1 and 4-32, respectively. No major depression or tension cracks were

observed on the crest. The downstream slope was only sparsely grassed; it had

recently been tracked with a dozer and hydroseeded. No 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 to be unobstructed and in good condition.
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5.0 PREVIOUS INSPECTIONS AND PERTINENT 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 in this current

inspection were noted. The slight bulge and leaning light poles on the outside

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 (PI through P7, P9 and P10) were installed in the

dikes which impound the primary and secondary basins: two (PI 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 (Ml through M9) were installed on the crest of the

dry ash storage basin dike in 1980, but monitoring of elevations on these

monuments was not begun till September, 1981. 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 instrumentation data are

included in Appendix 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 ft-MSL, except for a high of 525.4 ft-MSL on

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 (PI and P2) in the secondary basin dike have shown water

level fluctuations in the range of 3 to 4 feet with no apparent upward trend in

water level. The fluctuations appear generally 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 Pi on the crest was just slightly above (by less than 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, P5 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 in 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 beginning 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 line. Typical water levels in all

these piezometers were below the design phreatic line. Only P5 functions 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 PlO) in the intermediate dike also function as

observation wells. That (P9) located on the crest has shown a fluctuation of

less than 2 ft in water levels, and PlO on the downstream side has shown a

maximum water level fluctuation on the order of 4.5 feet. (No readings were

made in PlO 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 PlO

was below the design phreatic line. No increasing trend in water levels in

these piezometers 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 than a hydrostatic distribution below the phreatic

surface. This should be kept in mind when comparing recorded piezometer levels

with the design phreatic line.

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 M5) 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 inspection

reports this monitoring has noted no significant difference between inflow and

outflow, thus indicating no significant seepage into the culvert at the joints.

This monitoring apparently has been based on visual observation and qualitative

assessment of the flow rates.

6-4

iiLAW ENGINEERING TESTING CCMFANY,



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 any 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 not appreciably different than observed in the 1981 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 evaluation, 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 assumptions 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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factorcriteriarecommendedbyLawEngineeringandadoptedbyDuke.The

analysesindicateconventionalmarginsofsafetyagainstdeepseatedshear

failure.Thedesignsoilparametersusedinthelateststabilityanalyses

appeargenerallytobereasonableexceptthattheeffectivecohesionusedfor

thefoundationsoil(c'=800psf)andoriginalfill(c'=700psf)inthe1984re-

analysesoftheprimaryandsecondarybasindikesandtheeffectivecohesion

usedforthefoundationsoil(c'=500psf)inthe1982analysisofthedredge

ponddikearegreaterthanvaluesthatwouldnormallybeexpectedforeither

undisturbedorremoldedresidualsoils.Reviewofthetriaxialsheartestdata

indicatesthatthedesignstrengthparametersforthesesoilswerebasedonthe

lowerboundandthelower1/3to1/2boundofthetestedstrengths.However,

thesaturated,consolidated,undrainedtriaxialsheartests,correctedforpore

pressure,yieldedeffectivecohesionvalueswhichappearinordinatelyhigh.It

ispossiblethatsucherroneouslyhighcohesionvaluescanresult,particularly

onclayeysoilsamples,iftherateofshearingduringthetestistoofast.

Thedesignstrengthparametersusedforthefoundationsoilsinthe1982

analysisofthedredgeponddikearealsounusualinthattheeffectivecohesion

(c'=500psf)isgreaterthanthetotalcohesion(c=0)andtheeffectivefriction

angle(<J'=30°)islessthetotalfrictionangle(4=31.5°);thisisthereverse

ofwhatwouldnormallybeexpected.

Reviewofthecomputeroutputforthe1984re-analysesofslopestabilityof

theprimaryandsecondarybasindikesundersteadystateseepageconditions

indicatesthatthecomputedfactorsofsafetyforpotentialfailurearcspassing

throughtheoriginalfillmaterialsorthroughthefoundationsoilsaregreater

than2.0.Further,itisnotedthattheLANSLIcomputerprogramyieldsslightly

conservative(i.e.,lower)factorsofsafetythanotherprogramswhicharebased
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onmoreaccuratemethodsofanalysis,suchastheModifiedBishopMethod.Thus,

itisouropinionthattheoverallconclusionsofthestabilityanalyses(i.e.,

FS>1.5fordeepseatedpotentialfailurearcsandFS=1.3to1.4forveryshallow

potentialfailurearcs)wouldnotchangesignificantlyifthedesignstrength

parametersfortheoriginalfillandfoundationsoilswereadjustedtohave

lowereffectivecohesionvaluesandslightlyhigherfrictionangles.

Thecomputeroutputforthe1982analysisofslopestabilityofthedredge

ponddikewasnotavailableforreviewtoevaluatewhateffectalowereffective

cohesionassumptionforthefoundationsoilmighthaveontheconclusionsofthe

stabilityanalysisundersteadystateseepageconditions.However,precedent

wouldsuggestthatthisrelativelylowdikewith2.5H:1Vdownstreamslopeshould

haveadequatesafetyagainstdeepseatedshearfailure.Further,thisdike,

situatedasitisinthedryashstoragebasin,hasnoimplicationwithrespect

topublicsafety.

Nofurtheranalysesofslopestabilityappearwarrantedforpublicsafetyat

thistime,exceptasmayberequiredintheinvestigationoftheslightbulge

subsequentlydiscussedinthisreport.Forrecordpurposes,Dukemaywishto

re-runsomestabilityanalysesundersteadystateconditionsbasedonre

evaluatedeffectivestrengthparametersforthesoilsdiscussedabove.

Theveryoldslumpareanotedontheouterslopeoftheprimarybasindike

andshowninPhoto4-9appearedtohavebeenshallowseatedandoflimitedareal

extent.Noevidenceofrecentmovementwasnoted;theareaappearedstabilized

bythevegetation.
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Theshallowanimalholenotedintheouterslopeoftheprimarybasindike

nexttotherockfillbermdoesnotthreatenthesafetyofthedike.

Vegetationshouldnotbeallowedtoovergrowtherockfillberm.Asnoted

previously,thedensevegetationgrowingonthelowerpartoftheouterslopes

ofthedikesnexttotheriverseverelyhampersvisualinspection.

Theundercuttingnotedatsomelocationsalongtheriverbankdoesnot

currentlythreatentounderminethetoeofthedikesnexttotheriver.

Theleaninglightpolesontheoutsideslopeoftheprimarybasindikenext

totheplantaccessroadpossiblyaretheresultofinsufficientlateral

support.Thepolesprobablyareembeddedinthesaturatedpartofthe

embankmentandpossiblyevenextendintothesaturatedashwhichunderliesthe

embankment;thelateralsupportcapacityofthesaturatedmaterialsprobablyis

notverysubstantial.Thetensionintheguywiresmayhaveinfluencedthe

directionofleaningofthepoles.(Thepoleswereobservedtoleaninthe

directionoftheguy-wirepull.)

Theslightbulgenotedontheslopebetweenthetwoleaningpolespossibly

isafeatureconstructedintotheembankmentandnotnoticedbefore.The

featureisnotprominentandcouldeasilyescapeattention.Notensioncracks,

sheardisplacementsorothersignsofmovementwereseenatthebulgeorinthe

slopeandcrestabovethebulge.Theoccurrenceofthebulgeinthevicinityof

thepowerpolesmayonlybecoincidence.

Aconceivablecauseforthebulge,however,couldbeupliftonthe

embankmentcreatedbyabuild-upofporewaterpressuresinthefoundationash
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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 zone 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 observation 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 an 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. Maintenance 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 monitoring 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 also be desirable to do quantitative

monitoring of inflow and outflow of the 48-inch diameter culvert that also

passes beneath the ash basin; part of this culvert is constructed of corrugated

metal pipe which would be expected to have less longevity of satisfactory

service than the reinforced concrete pipes.

The settlement monitoring data indicate no large settlements of the dry ash

storage basin dike. The piezometer monitoring data indicate typical water
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levelsthatwerebelowthedesignphreaticlineandmaximumwaterlevelsthat

alsogenerallywerebelowthedesignphreaticline,exceptatPI,P7andP9

wheremaximumwaterlevelswerelessthan.5ft,1ftand1.5ft,respectively,

abovethedesignphreaticline.Thesetemporaryslightlyelevatedreadingsdo

notwarrantareanalysisofslopestability,inouropinion.

Aspreviouslynoted,therewasanunusuallyhighrise,thenfallofthe

waterlevelsinpiezometersP4,P5andP7.Thisunusualfluctuationwasnot

influencedbythewaterlevelsintheprimarybasin,anditoccurredoveratime

periodof10months(ApriltoJanuarywithpeakinAugust),thusshowingno

seasonalpatternandnocorrelationwithrainfall/infiltration.Thecausefor

theunusualfluctuationisnotapparent.

7.2Recommendations

1)Nofurtherstudyofhydrologicsafetyisrecommendedatthistime.An

investigationoftheslightbulgeontheoutsideslopeoftheprimary

basindikeisrecommendedasoutlinedinitem5below.

2)Itisrecommendedthatconsiderationbegiventoestablishinggrassin

placeofthetreesandundergrowthonthelowerpartoftheoutside

slopeofthedikesnexttotheriver,toenhancethevalueofvisual

inspections.Theclearingshouldbedonewithcaretominimize

disturbanceoftheslopesoilsandtheripraponthetoeoftheslope.

Theriprappedpartoftheslopeofcourseneednotbegrassedbutshould

betreatedwithasuitableherbicidetodiscouragefuturegrowth.The

rockfillbermshouldbesimilarlytreated.
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If it is determined that the 2H:1V slopes are too steep to allow

practical maintenance of a grass cover, it is recommended that, at a

minimum, a 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.

3) 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.

4) 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 leakage.

5) 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 next 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
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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 in

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 evaluation.

6) 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.

7) It is recommended that an investigation be made to determine 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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I) It is recommended that vegetation be removed from around the weir

openings at the primary drainage tower. Other maintenance items are

noted in the previous Section 7.1.
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APPENDIX A

Figure 1 Site Location Plan (From 1981 Report)

Figure 2 Site Vicinity (From 1981 Report)

Figure 3 Area Geology (From 1981 Report)

Figure 4 Plan of Ash Retention Dikes (From 1981 Report)

Figure 5 Sections Through Primary and Secondary Dikes
(From 1981 Report)

Figure 6 Typical Sections and Derails (From 19ol Report)

Figure 7 Section at Primary Basin Outlet (Mew Figure)

Figure 3 Piezometer Readings at Selected Sections
(New Figure)
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Site Location Plan

Dan River Ash Storage Basins
Rockingham County, North Carolina
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NfJte. Uia .kRl Dram to I- xleiid
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4" Crusher R

Centerline

Railroad Tracks

24" CMP

(Field Located) ^See Internal Drain Detail

Sjrge StO'ia - Well
Graded l"-8" Range

SECTION G-G

1YPICAL INTERNAL DRAIN DETAILS

2 Cutoff Collars

Drjmo'je Tower

Nat Coriiliutiecl ,-,!>»

LI. i40 As of 6-4-ttl

Note: See F.gurc 'I fur lo.ation ot eel on G-G

Ref: DuUe Power Comi'a-iy Dr:wi 9 No D-li.3B-M-l,
Lattist Revision DatLd I l-/-M,i

LAW ENGINEERING TESTING CO.

CHARLOTTE, NORTH CAROLINA•
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PRIMARY BASIN

DRAINAGE TOWER

EL. 523.5

CLASS I PINE POLES

DRIVEN BY DUKE POWER CO.

NTERMEDIATE DIKE

SECTION H-H

(SEE FIG. 4 FOR LOCATION)

NEW BERM BY DESIGN

AS-BUILT BERM APPEARS
TO HAVE ONE LEVEL AT
OR NEAR ELEV. 534.5)

36" 0 RCP

A 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 ]
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APPENDIX 3

PHOTOGRAPHS
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PHOTO 4-1 CREST OF PRIMARY BASIN DIKE

(TYPICAL VIEW)

PHOTO 4-2 CREST OF SECONDARY BASIN DIKE

(TYPICAL VIEW)

;LAW ENGINEERING TESTING COMPANY,
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PHOTO 4-3 CREST OF INTERMEDIATE DIKE

(TYPICAL VIEW)

PHOTO 4-4 INSIDE SLOPE OF PRIMARY BASIN DIKE

(TYPICAL VIEW)

lUW ENGINEERING TESTING COMPANY,



PHOTO 4-5 INSIDE SLOPE OF SECONDARY BASIN DIKE

(TYPICAL VIEW)

PHOTO 4-6 UPSTREAM SIDE OF INTERMEDIATE DIKE

(TYPICAL VIEW)

iLArV ENGINEERING TESTING CCMRftNY,



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

PHOTO 4-8 OUTSIDE SLOPE of sec; NDARY BASIN DIKE NEXT TO RIVER

i^LArV ENGINEERING TESTING CCMRftNY.



PHOTO 4-9 AREA OF OLD SLUMP CN OUTSIDE SLOPE OF PRIMARY BASIN

DIKE ABOVE ROCKFILL BERM

PHOTO 4-10 TYPICAL VIEW OF REPAIRS TO BARE SOIL AREAS ON PRIMARY

BASIN' OUTSIDE SLOPE (TRACKED WITH DOZER AND HYDROSEEDED!

;LAV ENGINEERING TESTING COMPANY,



PHOTO 4-11 ROCKFILL BERM AT BASE OF PRIMARY BASIN DIKE NEXT TO RIVER

;UW ENGINEERING TESTING CCMRftNY,



PHOTO 4-12 LEANING LIGHT POLE ON PRIMARY BASIN DIKE NEXT TO PLAIF

ENTRANCE ROAD

1LAV ENGINEERING TESTING CCMRftNY,



PHOTO 4-13 SLIGHT "BULGE" ON OUTSIDE SLOPE OF RAISED PORTION
OF PRIMARY BASIN DIKE NEXT TO PLANT ACCESS ROAD

PHOTO 4-14 WET TOE AREA AT

LUW ENGINEERING TESTING CCMRftNY,

1



PHOTO 4-L: HOLE CAUSED BY SEEPAGE EROSiULM
SHOWN IN PHOTO 4-14

ON AT TOE OF DIKE IN WLT AREA

;LAnV ENGINEERING TESTING CCMRftNY.



PHOTO 4-16 NEW BERM ON SECONDARY BASIN SIDE OF INTERMEDIATE DIKE

iLAV ENGINEERING TESTING CCMRftNY,



PHOTO 4-17 EVIDENCE OF SMALL BOILS IN ASH AT TOE OF NEW BERM

(BOILS NOT ACTIVE) AND CLEAR SEEPAGE

PHOTO 4-18 ENTRANCE END OF 52/.16-INCH RCP CULVERT

iLOrV ENGINEERING TESTING CCMPANY,



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

^^m^^

? 48-INCH CULVERT THAT PASSES BENEATHPHOTO 4-20 OUTLET END OF
MIDDLE OF PRIMARY BASIN

iUW ENGINEERING TESTING CCMRftNY,



PHOTO 4-21 VIEW OF PRIMARY BASIN DRAINAGE TOWER

PHOTO 4- OUTLET END OF 36-INCH RCP PRIMARY BASIN OUTLET

iL/W ENGINEERING TESTING CCMFANY,



PHOTO 4-23 VIEW OF SECONDARY BASIN DRAINAGE TOWER

iU=W ENGINEERING TESTING CCMRftNY,



PHO' ?0 4-24 OUTLET END OF 36-INCH RCP SECONDARY BASIN OUTLET

;UW ENGINEERING TESTING CCMRftNY,
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PHOTO 4-25 CREST OF MAXIMUM HEIGHT SECTION OF DRY ASH

STORAGE BASIN DIKE (SW TO NE VIEW)

PHOTO 4-26 UPSTREAM SLOPE OF MAXIMUM HEIGHT SECTION OF DRY ASH

STORAGE BASIN DIKE (SW TO NE VIEW)

lUW ENGINEERING TESTING CCMRftNY,



PHOTO 4-27 DOWNSTREAM SLOPE OF MAXIMUM HEIGHT SECTION

OF DRY ASH STORAGE BASIN DIKE (SW TO NE VIEW]

-:-. .*• //
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'HOTO 4-28 WET DOWNSTREAM TOE AREA OF SOUTHWEST PORTION OF DRY
ASH STORAGE BASIN1 DIKE



PHOTO 4-29 DRY ASH STORAGE BASIN DRAINAGE TOWER

r/V y

PHOTO 4-30 OUTLET END OF 36-INCH RCP OUTLET FOR DRY ASH STORAGE BASIN

iUW ENGINEERING TESTING CCMRftNY,



PHOTO4-31CRESTOFDREDGEPONDDIKE(NWTOSEVIEW)

PHOTO4-32DOWNSTREAMSLOPEOFDREDGEPONDDIKE(SETONWVIEW)
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MONITORING DATA
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n
DAN RIVE^SH BASIN
PIEZOMETL HEADINGS

Name of Observer: R.Pe*C£ - K Peic£ Date of Observation

7^A:
/D-l2-%i

Piezometer

Number Drawi nq Section Line Station Location

Elevation

Top of
Piezometer

Tube

Basin Water

Elevation

Observed Distance

Top of
Casing Pipe

To Uater
Surface

Elevation of
Water In
Piezometer

PI D-1039-f.l A-A R 27+00 Top of Dike
Downstream Edge 532.97 523-76 13,23 •zm-ny

P2 D-1039-M A-A R 27+00 30' Downstream
from PI 518,19 523.76' 9,21 5" 03-90

P3 D-1039-M B-B A 9+00 Top of Dike
Downstream Edge 540.73 529-39

TO &OT7&X1

+ /2.9V 4 Nt intee
P4 D-1039-M B-B A 9+00 20' Downstream

from P3 532.42 529-3? f ajo uto
P5 D-1039-M B-B A 9+00 35' Downstream

from P3 528.22 529.39 ^ 13.67- SH.SS ^

P6 D-1039-M D-D L 5+00 Top of Dike
Downstream Edge 543.10 52^39 12.11 530-32

P7 D-1039-M D-D L 5+00 20' Downstream

from P6 535.05 5 2% 31 x 13- II 52I-9V

P9 D-1039-H G-G M 2+50 Top of Dike
Downstream Edge 543.09 527-39 ^Alo lOAme-^

PlO D-1039-M TG-G M 2+50 20' Downstream
from P9 532.50 S29.39 t'W 52^-10

iotes: 1) All water elevations to be.read correct to .01 feet.
2) Frequency of observations: monthly intervals
3) Send one copy of completed readings to: R. S. Bhatnagar

Design Engineering

CIVIL Z'J??:.-^ "_;,;\;-\

RcCiiVu'i J
OCT 1 6 1584



"\

Name of Observer

: ?

Drawing

i

Section Line

1

Station Location

Eleva
Top

Piezoi
Tu

Observed Distance1
{ Top of

Casing Pipe f >
To Water
Surface

J 1
• '**' 1

Elevation of]
Water In |
Piezometer --*•

Piezometer
Number

h-orr*1
of ••:

netery-
3e

5 ' ' i
Basin Water

Elevation

PI ., ; D-1039-M A-A R ,. 27+00 Top of Dike
Downstream Edge 532,97 1' S2TLTIO

12^'' :n —
P2 •D-1039-M A-A •. R 27+00 30' Downstream >

from PI • "518.19'v •' q.kl- • •""'"••
P3 D-1039-H B-B A 9+00 Top of Dike

Downstream Edge •540.73 ' w.?'.oo- r'"'
P4 D-1039-M B-B A . ; 9+00. 20' Downstream

from P3 ' 532.42 '
5"2-R, CO;

/^ST-"-^
P5 D-1039-M B-B A a+oo 35' Downstream

from P3 528.22 '
SIR. CO

/V-wi' " ^ SI3. <3I"
.- P6 D-1039-M D-D L . 5+00 • Top of Dike

Downstream Edge 543,10 - "/>vw •-;• :"- ^30.3l-:
P7 D-1039-M D-D . L 5+00 20' Downstream

from P5 535.05
SIX. QO

/?'.ov. Mo (.JO^CV

P9 D-1039-M G-G M 2+50 Top of Dike
Downstream Edge 543.09 :-l

Slfl.-OO
/i'.U"':: ' i Mo (JoSV

PlO ' D-1039-M 'G-G M 2+50 20' Downstream
from P9 532.50 ••;-

SIS]. OO

?'-.l* S1LVM-CV

Notes.

w,"4sfti s

1) All water elevations to be read correct to .Oufeet. i cr i-^v iT
2) Frequency of observations monthly intervals *
3) Send one copy of completed readings to. YR S.TBhatnagar

i i

•- ^ *'4$$m&
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N

DAJi RIYER STEWI STATION

DUKE POWER COMPANY

BASIN PIEZOMETER READINGS |5
f

V o- a

1 . .,.•'•- . <•" '>/;:".•''* DISTAMCE FRCN TOP OF CASING PIPE TO HATTR SURFACE (Ft.) •-•:.•-.• 1

532.97 1 P 7..14- IZ., !<o \-h.^^r K.I7 /5-./S (^-0^ IT-.ftfo" IA"*fl"'l+,9l /6,C>0 /.</-, h in-. 02,

513.19 2 P ~ft.7~7 rY.^k "b.S1? /O.-S^ /fl.<?& Z.OQD ll".00P /0.S5"" tlM M.78 in. en /rt.si

540.73 3 P Z.^t13 iz.qiQ iz.qiD M/B /•2..9\a |-2,.e/D /Z.<1lD iz.iia IZ.Zi^ 1,^,2-^ /z.zs* f^f*
532.42 t P rZ.a-ZF /z!4-zn IZ.4-2-a rZ,</2.° IZ.O*A ro.q+ e.z/> 14-7 q.oo /f, /fr f0,06 /?-,/+:.
528.22 5 P J4-./5* I.VS* I7..89 t+.OO /f."2J> M.fVr- <?.«Ki e.zft a.qz. 9,7^ ^5 ,n.^

543.10 6 P ,?_..7ft izfl?_D !Z.92al 12.. kT lt.^2? ,2.<SBA r2..«uD iz.oo \z..5S /2..5S IZ.74- 1?-,^
535.05 7 ? I-2-. k5" 7Z.C7 i \.cn /z.4& rS.ftS" B.<90 *S5 *Z1 k,3B <*.<>=? ft.lS ^.1?

543.09 9 P fT-.S?? //.-?«? it. on /Z.^ /Z.S2? iz.4^A /•2.,?SB (l,%* ,Z.5ZD /e.<^ H.U„ 11.17

532.50 10 P ...qft fc./fl ft.OZ q.2Z q.ZS 9.7-1 lonz* $,es B.iq * *r *

1 •

—-

•

•

i •

NOTES:

HATER ELEVATIONS (Ft.)

szo. /; Si£^l f?l9./6,5T)fc.<n Stft^S sie.^H-

PARSHALL

FLUT IE
HOT APPLICABLE)

S0JU2

££L21

gvft"^
&2k

Sao.zzgao.n

SlO.SO

£los£
£iLl£

So7.<«+ £Qk2£ W,+f sm.sz

527,62- £2a±i 5^9-^ sze.«rfl

s&fif 52r>,+?- 5*1 ."U> S2Iu££
g/q.q+

s*u/o

giq.^

gao.ss

g/g.^3 5fg.+7
g3Q.SZ.JS^f>.aC

SiOftZ 5-2J6.17 f>Zg.«», 5Z1.3.0

gao,c,3 S:\O.T7 SV>.fr* s^.y-a
Sl+.f-T. 5Z3.7I * *

1. All water surface elevations are to be correct to 0.01 of a foot.
2..' Parsnall Flume readim shall be nallons per minute and correct to the nearest 0.01 gpa.
3. Type: P - Piezometer, O'.J - Observation Hell.
4. All Pieioceier/Qbservation iJells are to be comoleted with an elevation. If no water exist, footnote

the depth as follows: £.Uet silty bottm. 0 Dry silt, •*• Hard botton
5. Send a copy of conpleted. forms, page 1 and 2, to: Oesign Engineering. Mr. S. B. Kager, Chief Engineer,

Attention: H: S. Sills. , t ,
6. Station to retain original and complete the next column at the next monitoring interval.

¥<: Levi Ca*>. ir\fi-L'

507.6,9

SZQ,^

szn.tfi

517.A1

g^Q.2fi

£l£J£

gsi.qz
Mr
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