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20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,

Washington, D. C. 20314. The purpose of a Phase I Inspection is to
identify expeditiously those dams which may pose hazards to human life or
property. The assessment of the general conditions of the dam is based
upon available data and visual inspection. Detailed investigation and
analyses involving topographic mapping, subsurface investigations,
testing, and detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended to identify
any need for such studies.

Based upon the field conditions at the time of the field inspection and
all available engineering data, the Phase I report addresses the
hydraulic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The engineering techniques employed give a reasonably accurate
assessment of the conditions of the dam. It should be realized that
certain engineering aspects cannot be fully analyzed during a Phase I
inspection. Assessment and remedial measures in the report include the
requirements of additional indepth study when necessary.

Phase I reports include project information of the dam appurtenances, all
existing engineering data, operational procedures, hydraulic/hydrologic
data of the watershed, dam stability, visual inspection report and an

assessment including required remedial measures.
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PIWACE

This report is prepared under guidance contained in the
cxmmmded Guidelines for Safety inspection of Does, for Phase I

Investigations. Qzpies of these guidelines may be obtained frum
the Office of Chief of Enginees, Washington, D. C. 20314. Thw
purpoe of a Phase I Investigation is to identify mcpmditiously
those dam which may pose hazards to human life or property. The
assessment of the general condition of the dam is baed upon
available data and visual inspections. Detailed investigation, and
analyses involving topographic mapping, subsurface investigations,
testing, and detailed ocmputational evaluatins are beyond the scxpe
of a Phase I Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field oonditions at
the time of inspection along with data available to the inspection
team. In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dan, remves the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating enviroment of the structure.

It is inportant to note that the condition of a dam depends on
nmerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
condition of the dan at some point in the future. Only through
frequent inspections can unsafe conditions be detected and only
throug ontinued care and maintenance can these conditions be
prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximmn
Flood" for the region (greatest reasonably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a
storm event, a finding that a spillway will not pass the test flood
should not be interpreted as necessarily posing a highly inadequate
condition. The test flood provides a measure of relative spillway
capacity and serves as an aid in detexmining the need for more detailed
hydrologic and hydraulic studies, considering the size of the dam, its
general condition and the downstremn damage potent.ial.

i,



PHASE I REPORt
NATICNAL DA SAFETY PROGRAM

BRIEF AMSS RT OF DAM

Now of Dun: Lake Caroline Dam
State: Virginia

Location: Caroline ounty
L( i Sheet: Hewlett, Virginia
Coordinates: Lat 370 59.2' Iong 770 30.4'
Date of Inspection: April 20, 1981

Lake Caroline Dam is a homogeneous earthfill structure about 1425

ft long and 48 ft high. The principal spillway consists of a 400 ft

long reinforced concrete overflow weir. The weir overflows onto a 20

ft wide concrete apron 1.5-2.0 ft below the weir crest. The concrete

apron is also used as a roadwy for access across the dam. The dam is

an intermediate size structure and is assigned a significant hazard

classification. The dam is located on Stevens Mill Run, in Caroline

County, Virginia. The lake is used for water supply and recreation,

and is owned and maintained by the Lake Caroline Association.

Based on the criteria established by the Department of the Army,

Office of the Chief of Engineers (OCE), the appropriate Spillway Design

Flood (SDF) for the dam is the h PMF. The spillway will pass 100 percent

of the Probable Maximum Flood (PF) without overtopping. The spillway

is rated adequate.

The visual inspection did not reveal any problem wich would

require imiediate attention. The dam is considered stable " a t-

stability analysis is not required. An emergency operation and warning

J-A-,



plan should be developed. Furthermore, a staff gage should be

installed to monitor water levels -Sall sapplings growing in the

riprap on the upstream slope should be reamed. Bare areas present

along the downstream toe and areas of sparse vegetation on the downstream

slope should be reseeded. Seepage along the downstream toe should be

monitored during routine maintenance. It is also recomnended that

attempts be made to halt shoreline erosion in order to prevent sediment

buildup in the lake. For nnitoring purposes it is reoxnended that the

downstream beaver dam(s) be removed, so as to prevent submergence of

drain outlets.

Prepared by:

SCNABEL EI4GINEERING ASSOCIATES, P.C./
J. K. TIMMCNS & ASSOCIATES, INC.

Ray E. Martin, Ph.D., P.E.
uCnfalth of Virginia

Suiitted by: Approved:

Original signed 51 Original signea b.:
Carl S. Anderson. Jr., Roald E. Hudson

Carl S. Anderson, Jr., P.E. Ronald E. Hudson
Acting Chief, Design Branch Colonel, Corps of Engineers

ommander and District Engineer

Pacomxended by:

rfgfnai signe'd VY
JACK G. STARR Date: SEP 2

Jack G. Starr
Chief, Engineering Division

-2-



Lake Caroline

Damn

Overview Photographs
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SECTION I - PRJECT INFORMATION

1. 1 General

1.1.1 Authority: Public Law 92-367, 8 August 1972, authorized

the Secretary of the Army, through the Oorps of Engineers, to initiate

a national program of safety inspection of dams throughout the United

States. The Norfolk District has been assigned the responsibility of

supervising the inspection of dams in the Comnwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I

inspection according to the Recommerded Guidelines for Safety Inspection

of Dams (see Reference 1, Appendix VI). The main responsibility is to

expeditiously identify those dams which may be a potential hazard to

human life or property.

1.2 Project Description:

1.2.1 Dam and Appurtenances: Caroline Lake Dam is a hcmogeneous

earthfill structure approximately 1425 ft long and 48 ft high.* The

crest of the dam is 21 ft wide, and side slopes are approximately 3

horizontal to 1 "verrical (3H:lv) on the upstream slope, and 2.5H:IV on

the downstream slopes of the dam. Field measurenLnts indicate the

downstream slope approaches 2H:lV locally. A 7 ft wide berm is shown

on drawings at elevation 194 msl along the upstream slope. The crest

of the dam is at elevation 210 msl.

* Height is measured from the top of the dam to the downstream toe at
the centerline of the stream.
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The dam is keyed into the foundation and there is a rock toe

drain. An internal drainage system was not provided. Existing vegetation

on the embankment slopes and riprap along the upstream slope at normal

pool levels provide slope protection.

The principal spillway consists of a 400 ft long rectangular shaped

reinforced concrete overflow weir. The weir discharges onto a 20 ft

wide concrete apron 1.5-2.0 ft below the weir crest. The spillway apron

also serves as a roadway across the dam. The weir crest elevation is

198 msl. An 8 ft wide low flow weir is located at the center of the

principal spillway at elevation 197.75 msl.

The discharge channel below the weir apron is a grouted riprap

channel at a 7.5% slope. The channel width varies from 400 ft at the

weir to 300 ft at the lower portion where it discharges to Stevens Mill

Run.

A 24 inch diareter butterfly valve which is used to drain tl-x lak,..

is located approximately 150 ft upstream of th, dam centerlint

approximately 800 ft frcxi the riqht abutme-nt with an intak(, elevatior.

of 170 rrsl. The drain pipe is a 324 ft lono, 24 inch diameter duct Ii,

iron pipe with anti-seep collars at 18 ft intervals. The- inver!

elevation at the outlet structure is 162.5 rml. (See Plat 4,

Appendix I.)

A water supply intake pipe, located approximate]y 700 ft frcr

the right abutment, passes through the embankment and discharges intc

the water treatment plant immediately downstream of th- dai.. 71v

water supply pipe is 8 inch ductile iron with anti-seep collars 18 ft

on center. The water supply is controlled by an eight inch qate valvi

at an invert elevation of 170 msl.



1.2.2 Location: Lake (ardlie Dam is located on Stevens Mill

Run ar-ro hLitely 1 miles south of Ladysmith, Virginia on U. S.

Route 1. (See Plate 1, Appendix I.)

1.2.3 Size Classification: The dam is classified as an "inter-

mediate" size structure based on its height and maximin lake storage

potential.

1.2.4 Hazard Classification: The dam is located in a small

ccmmnity, and based upon the proximity of the water treatment plant

located immediately downstream, the dam is assigned a "significant"

hazard classification. The hazard classification used to categorize

a dam is a function of location only and has nothing to do with its

stability or probability of failure.

1.2.5 Ownership: The dam is owned and maintained by the Lake

Caroline Association.

1.2.6 Purpose: Provide water supply and recreation to the Lake

Carol ine cimTna tv.

1.2.7 Design and Construction History: The dam is desicmxi

and constructed under the supervision of American Realty Servict

Corporation. The structure was constructed by Bailey and Associates

and completed in 1968.

1.2.8 Normal Ceration Procedures: The principal spillway is

ungated, therefore, water rising above the crest of the weir is

autcatically discharged downstream. Normal pool is maintained at

elevation 198 msl at the crest of the weir. The 24 inch diameter

valve at intake elevation 170 msl is manually operated and is used to
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lower the lake below normal pool. The 8 inch diameter valve at

intake elevation 171 msl is manually operated and is used as a

secondary control on the water supply intake.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 9.6 square miles.

1.3.2 Discharge at Dam Site: According to Mr. R. J. Miller, the

maximum known flood at the dam site occurred in August, 1969 as a

result of Hurricane Camille. The maximun pool rise was 7 ft (elevation

205). This corresponds to an approximate discharge of 25,928 CFS.

Principal Spillway Discharge:

Pool Elevation at Crest of Dam (elevation 210) 58,197 CFS

1.3.3 Dam and Reservoir Data: See Table 1.1, below:

Table 1.1 - DAM AND RESERVOIR DATA

Reservoir

Storage

Elevation Volume
feet Area Acre Watershed Length

Item msl Acres Feet Inches Miles

Crest of Dam 210 586 8265 16.2 2.5

Principal Spillway
Crest 198 273 2821 5.5 2.3

Streambed at Down-
stream Toe of Dam 162 - - - -
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SiTrICN 2 - DENINEERIN QkTA

2.1 Desig: The dam was designed and construted under the

supervision of American Paalty Service Crporation, Me?*is, Tennssee.

The eardftmt was initially designed by Rtbert D. Sayre and Asnociates,

Richmond, Virginia and later modified by G. K. Jewell and Associates,

Coluabus, Ohio prior to its construction.

A subsurface investigation was on k ted at the site by Mr. Robert

D. Sayre, P.E., Richmond, Virginia in July, 1968, for the design of

the project. The purpose of the investigation was to detemaine the

subsurface soil and rock onditions for the dam embankment and spillway.

A subsurface profile is shown on Plate 2, Appendix I, but the report

was not available for review. Additional geotechnical engineering

analyses were perfozmed by G. K. Jewell and Associates, Columibus, Ohio

to analyze the soil conditions and stability for a modified emtankment

section. This report and the soils laboratory test results are included

as Appendix n7.

The dan was originally designed as a homogeneous, ozcted earth

fill embankment with a 20 ft wide cutoff trench appracimtely 65 ft

upstream from the embankment center line, a combined prncipa.l-eergency

spillway at the left abutment, and a blanket drain below the toe. The

modified emankmnt design shown on Plate 12, Appendix IV eliminated

the blanket drain and recomnerded a rock toe. Upstrean and downstream

slopes were designed at 3H:lV and 2.5H;lV, respectively with a 7 ft

wide up tream berm at elevation 194 msl, 4 ft below the normal pool level.

Details are provided on Plate 3, Appendix I.



A review of the design data indicates the dam was founded on

overburden with the cutoff trench excavated to fresh rock (non-

r4*able rock). No penwability test data was included with the

infrmation reviewed. Detils of the cutoff trench are provided

on Plates 2 and 3 of Appendix I. No internal drainage systen was

indicated in the design data reviewed. The spillway is a ocmtbined

prunCipal-aMergency spillway between Stations 14+00 and 20+00 at the

left abutin t. The spillway is concrete lined over the crest with

uPstrem and d mstream channels lined with riprap. Details of the

spillway are shown on Plates 2, 5 and 6, Appendix I.

The laboratory test data describing the engineering properties

of the borrow materials frowm the emergency spillway area whichwere used

to oonstruCt the enbankmet are included in Appendix IV, Plates 1 through

Plate 11. The shear strength paraeters of this material determined by

renDpded, unconsolidated-undrained and remlded saturated consolidated-

unxdrained triaxial cappression tests are as follows:

Borrow Source Soil Shear Strength Paramters
Friction Angle Cohesion

Etiergency spillway SW - SC 0 = 170 1200 psf(1)

Onergency spillway 9W - SC 0 = 21°  1200 psf(2)

kDawrency spillway 9W - SC 0'= 380 0 psf(2)

(I Ioded Unco xololated-undrained Triaxial Compression 7st (LU)

(2) Pmmc d, Saturated, Consolidated Undrained Triaxial Cmpression

Thsts (Cl!)
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A stability analysis was performed on the dam section by G. K. Jewell

and Associates and the results are included in Appendix IV. The conditions

analyzed were: as-built (or end of construction case), steady state

seepage for the downstream slope, and rapid drawdown for the upstream

slope. Miniwzn values of strength parameters fron the laboratory test

results were used for the stability analysis. Effective strength values

obtained from the CU test were used for the analysis of rapid drawdown

and steady state seepage conditions and values frcmn uncrfined cmqression

tests and UU tests were used for the analysis of the as-built condition.

The results of the stability analysis are:

Condition Factor of Safety

As-built 3.0-

Steady State Seepage 1.3

rapid Breakdown 1.25

The specifications for Lake Caroline Dafn required that the borrow

materials to be used for etanikment construction have a Plasticity Index

not less than 10 percent, a maxiRmsn dry unit weight qreater than 110 pcf

and particle sizes less than 6 inches in diameter. The selection of

suitable borrow materials was to be under the direction of the engineer

at all times. Soils in the proposed emergency spillway borrow area

were reported to be weathered gneiss which after soaking for 24 hours,

classified as an MH material according to the Unified Soil Classification

Systan, ASTM D-2487. The material in the cutoff trench and embankment

-10-



was to be ccmpacted to 97 percent of Standard Proctor UexUUmT dry

density according to ASM D-698. Before cxutpaction of the embhanment

fill, the moisture cotent was to be brought to plus or minus 2 percent

of the optimum moisture contt. Fill material was to be placal in

successive lifts not exceeding 6 inches in coRnacted thickness.

The spillway was designed as an overflow weir structure consisting

of reinfor concrete weir, a reinforced concrete overflow apron

below the weir and a 400 ft wide dischrg channel with a plunge pool

at the end of the channel. The discharge channel was designmd with

a 12 ft wide concrete channel along the centerline with an earth over-

flow channel.

ITe spillway apron was designed as a roadway for access across the

don, and the spillway was designed to accomodate the Probable Mmcimm

Flood with a 4 ft freeboard. Details of the spillway are presented

on Plates 5 and 6 of Apwdi.Lx 1.

2.2 Construction: The ebankment was constructed by Badley and

Associates of Stafford, Virginia. No construction records are available

for this structure. Field inspection was under the direction of Robert

D. Sayre and Associates, Ric narnd, Virgnxia. According to Mr. Sayre,

the only aonstruction pr lem he could remeter was s difficulty in

controlling water within the cutoff trench in order to obtain the

spe f i ai copaction.

2.3 Evaluation: Design drawings are representative of the structure,

hwver, hydrologic and hydraulic calculations ware not available for

evaluation. There is sufficient information to eva luate aubvnt

stability and the foundation conditions.

-11-



SKrlON 3 - VISUAL DNSP LrION

3.1 Fidins. At the time of inspection, the dn was in good

condition. Field observations are outlined in Appendix III.

3.1.1 General: An inspection was node on April 20, 1981. The

weather wos partly cloudy and windy with a temperature of 650 F. 7he

pool and tailwater levels at the tine of the inspection were 198 and

162.5 ml, respectively, which corresonds to normal pool and tailwater

elevations. Ground conditions were damp at the time of inspection

as a result of early norning light rain. No previous inspection reports

were available.

3.1.2 Dom and Spillway: lhe upstream slope was moderately

vegetated with grass while the owstream slope was sparsely vegetated

with grass and includes scme bare areas. Scattered mall sapplings

were growing betwaen the riprap. The crest of the dan was occupied

by a paved road used for access to residences around the lake shore.

The road appeared to be in good condition. Field measurernts indicate

the upetreu slope to be 3H:lV and the downstream slope to be 2 H:lVm

at the center of the dan. Rprap, consisting of 1 to 3 ft fresh granite

gneiss boulders, placed on the upstream slope appears to be in qood

condition. The riprap is visible below pool level and extends 5 to 7 ft

above pool level on the upstream slope. The entan ment appears to be

oonstructed of residual material consisting of silty sand and clayey

silty sand mixtures visually classifying SM to SC in accordance with

the Unified Soils Classification System. No surface erosion was observed

on the eubankment slopes except for minor surface washing at scattered

locations along the downstream slope.

Saturated or wet areas were encountered along the toe of the down-

-12-
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stream slope beginning about 455 ft to the right of the principal spill-

way and extending an additional 305 ft. Sane discoloration and flow

estimated at 1 to 2 gpmn were observed originating in an eroded V-notch

at the extreme right side of the saturated area. This is shown in the

Field Sketch, Sheet 1 in Appendix III. The bottom 5 ft± of the downstream

slope is essentially void of vegetation and is very moist, extending from

the V-notch to a point 325 ft± left of the notch. No sloughing or

bulging of the slope was observed in this area.

The abutments were well vegetated and only minor erosion was

observed on the upstream right abutment. Surface soils in the surround-

ing area included fine to medium clayey sands and sandy clays.

An overflow spillway and apron are located at the left abutment and

consist of a 400 ft wide concrete weir with a 8 ft wide by 3 inch deep

low flow notch. No signs of deterioration were noted and the concrete

appeared to be in good coxndition. There was no separate approach channel

to the spillway. The reservoir area upstream of the weir was riprap

lined and appeared to be in good condition. The discharge channel is

approximately 300 ft wide and slopes at about 7.5 percent. Immediately

downstream fra the weir, the discharge channel is occupied by the

access road which crosses the dam crest. The road is concrete through

the spillway area and bordered by a cable guardrail along the downstream

edge. The discharge channel is lined with stone riprap and grouted along

the center portion below the roadway. Evidence of severe erosion during

Hurricane Camille is still visible in the lower reaches of the discharge

area. It was reported that 11 ft deep gullies were carved into the

discharge channel below the concrete section. These have been backfilled

with riprap and concrete slurry and appeared stable.

-13-



No toe drain outlets were observed because water was backed up

into the plunge pool area from obstructions downstream. The lake drain

discharge pipe was also submerged and not observed. The emergency

gate consists of a 24 inch butterfly valve. An 8 inch discharge pipe

for an existing water treatment plant is located approximately 100 ft

to the right from the lake drain. It is controlled by an 8 inch gate

valve. The gate and butterfly valves on the water intake structure and

drain facility were in good operating condition according to Mr. Miller.

3.1.3 Reservoir Area: The reservoir area was free of debris

and the perimeter consisted of lawn area and wooded sections. (Over-

view Photograph, Page 3). Some shoreline erosion was observed near

the right end of the dam. The reservoir is located in a natural valley

with side slopes at approximately 1OH:IV. No sediment build-up was

observed.

3.1.4 Downstream Area: The downstream channel is located in a

heavily wooded flood plain with 5H:IV side slopes above the channel

banks (Photograph No. 5, Appendix II). The channel is approximately

2 ft deep with IH:lV side slopes. A water treatment facility for the

Lake Caroline cmmunity and U. S. Route 1 are both located immediately

below the dam.

3.1.5 Instrumentation: No instrumentation (monuments,

observation wells, piezometers, etc.) was encountered for the structure.

A staff gage consisting of painted numbers on the lake drain intake

structure was no longer visible because of weathering of the paint.

3.2 Evaluation: Overall, the dam was in good condition at the

time of the inspection.

3.2.1 Dam and Spillway: The vegetative cover on the abutments

and upstream ebankment slopes appeared well maintained. The small

-14-



sapplings growing in the riprap on the upstream slope should be renoved.

The observed bare areas along the downstream toe and areas of sparse

vegetation on the downstream slope should be seeded. Seepage at the toe

area is apparently the result of a properly functioning rock toe drain.

It is recommended that this seepage be monitored during routine

maintenance to verify that detrimental surface erosion has not developed

along the downstream toe. If such conditions should develop, a

Professional Engineer with an expertise in Geotechnical Engineering

should be contacted to evaluate the problem and make reconmenidations

for required corrective measures. The minor surface erosion on the right

upstream abutment contact does not require any attention. The overflow

spillway is functioning well. A staff gage should be installed to monitor

water levels. For nonitoring purposes it is reconvended that the down-

stream beaver dam(s) be renoved, so as to prevent the submergence of

drain outlets.

3.2.2 Reservoir Area: Shoreline erosion should be halted to

prevent sediment buildup.

3.2.3 Downstream Area: A breach in the dam during extrem flooding

could damage the water treatment facility and U. S. Route 1.

-15-



SECTION 4 - OPERATIONAL PFCCEDURES

4.1 Procedures: The normal storage pool is elevation 198 msl

or 3 inches above the crest of the low flow weir. The lake provides

recreation and water supply as its principal uses. Water passes

automatically through the spillway as the water level in the reservoir

rises above the spillway crest. A 24 inch butterfly valve and discharge

pipe are provided to drawdown the reservoir below nonmal pool.

4.2 Maintenance of Dam and Appurtenances: Maintenance is the

responsibility of the owner. Maintenance consists of inspection,

debris removal, muwing of vegetative cover and repair. Maintenance

is routinely performed.

4.3 Warning System: At the present time, there is no warning

system or evacuation plan for the dam.

4.4 Evaluation: The dam and appurtenances are in good operating

condition, and maintenance of the dam appeared to be adequate.

An emergency operation and warning plan should be developed. It

is recommended that a formal emergency procedure be prepared and

furnished to all operating personnel. his should include:

a. Haw to operate the dan during an emergency.

b. Who to notify, including public officials, in case

evacuation frum the downstream area is necessary.
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SECTION 5 - HYDRAULICS/HYDROLOGIC DATA

5.1 Desig: Lake Caroline Dam was designed as a single

purpose dam. Hydrologic and hydraulic data were not available.

5.2 Hydrologic Records: There are no records available.

5.3 Flood Experience: According to Mr. R. J. Miller, the flood

of August 1969 resulting from Hurricane Camille created an increase of

7 ft± above normal pool (elevation 205 msl+).

5.4 Flood Potentials: In accordance with the established

guidelines, the Spillway Design Flood is based on the estimated

"Probable Maximum Flood" for the region (flood discharges that may

be expected fron the most severe ombination of critcial meteorologic

and hydrologic conditions that are reasonably possible in the region),

or fractions thereof. The Probable Maximum Flood (PMF) and PIF and

100 year flood hydrographs were developed by the HDC-l method (Reference

4, Appendix VI). Precipitation amounts for the flood hydrographs of

the PMF and 100 year flood were taken from U. S. Weather Bureau

Information (Reference 5 and 6, Appendix VI). Appropriate adjustments

for basin size and shape were accounted for. These inflow hydrographs

were routed through the reservoir to determine maximumn pool elevations.

5.5 Reservoir Regulations: For routing purposes, the pool at the

beginning of flood was assumed to be at elevation 198 msl. Reservoir

stage-storage data and stage-discharge data were ccmputed fran construction

plans and U.S. G. S. topgraphic maps. Floods were routed through the

-17-
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reservoir using the spillway discharge up to a pool storage elevation

of 210 msl. Discharges above pool elevation 210 isl were routed

over the nr-overflow section of the dam.

5.6 Overtopping Potential: The predicted rise of the reservoir

pool and other pertinent data were determined by routing the flood

hydrographs through the reservoir as previously described. The

results for the flood conditions PMF, PMF and 100 year flood are shown

in the following Table 5.1:

TABLE 5.1 - FESERVOIR PER O4WANCE

Hydrograph

Normal 100 Yr.
Flow Flood PM PMF

Peak Flow, CFS

Inflow 9 6921 18,423 36,845
outflow 9 4312 13,794 29,576

Maximum Pool Elevation
Ft, nsl 198 200.5 203.1 206.2

Nor-Overflow Section
(Elev 210 msl)
Depth of Flow,Ft - - - -

Duration, Hours ....
Velocity, fps* - - - -

Tailwater Elevation
Ft, msl 162.5 173.4 176.2 179.5

* Critical velocity

-18-



5.7 Reservir UYty' Potential : A 24 inch dianu.ter qate. at

elevation 170 ml is capable of draining the reservotr through a 24

inch outlet pipe. Assuming that the lake is at normal pool elevation

(198 nsl) and there is 9 cfs inflow, it would take approximately 40

days to lower the reservir to elevation 170 msl. This is equivalent

to an approximate draw~dcwn rate of 0.02 ft/day based on the hydraulic

height measured from normal pool to the invert of the drawdown pipe

divided by the time to dewater the reservoir.

5.8 Evaluation: The U. S. Army, Corps of Engineers guidelines

indicate the appropriate Spillway Design Flood (SDF) for an inter-

mediate size, significant hazard dam is the PMF to PMF. Because of

the risk involved, the PMF has been selected as the SDF. The spillway

will pass 100 percent of the PMF without overtopping the crest of the

dam.

Hydrologic data used in the evaluation pc-Ltains to present day

conditions with no consideration given to future development.

-19-



SErrION 6 - DAM STABILITY

6.1 Foundation and Abutments: The dam is located along the

eastern edge of the Piedmont physiographic province of Virginia. This

site is underlain by a thin veneer of Pleistocene terrace deposits and

Recent alluvial soils. These sediments consist of a heterogeneous

mixture of sand, silt, clay and gravel materials. They are underlain

by residual soils, which are derived from the in place weathering of the

underlying granite gneiss bedrock of Precambrian age. A profile and

description of the materials encountered in the design test borings are

included in Plate 2, Appendix I. Bedrock exposed below the spillway

consists of differentially weathered and jointed granite gneiss. The

formation observed was essentially horizontal. No faults have been

identified in the immediate area.

The design report and drawings show the embankment being founded

on overburden with a cutoff trench extending to the top of fresh or

non-rippable rock. The trench was planned to have a 20 ft wide bottom

and IH:IV side slopes.

Based upon the design geologic data and performance history of

the dam to date, a stable foundation is assumed. Gradual consolidation

of underlying soils would be expected during application of fill

mterials. The underlying soils had probably essentially consolidated

under the applied load not long after completion of construction.

6.2 Dnbankment:

6.2.1 Materials: Design drawings show the dam as a homogeneous

earth fill embankment. Laboratory tests performed on borrow materials

show the fill ranging from well-sorted sands (SW) to clayey sands (SC)

in accordance with the Unified Soil Classification System. It was noted
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in the design report that once this mterial was broke.n ,kV6,,n '111d

soaked for several days, it became a highly plast ic .l t (%.. It

was specified that all fill material in the cutoff trtrch ,trid 4f Ij-",:t

was to be placed in "successive layers of not more than 6 iJl'uts dt,1 th

loose measure" and "compacted to a minirmn of 97 of the standard

proctor density." It was further specified that, "Tarnlng rollers

shall be used for conpacting the earthfill to the aboive divnsity."

6.2.2 Subdrains and Seepage: Earthwork scifications r+u~r .

that the subgrade for the embankment be prepared by "scall inq" to a

6 inch depth or deeper if so indicated on the drawinc.s (Plat,, 2, A, n :

I). The subgrade was to be cleared of all loose ard oL -ct onabl e

material. The cutoff was to extend to fresh or non-rippable rock. ,jo

mention was made of the natural permeability of the Uxirock, tik.&ver,

in the presence of joints and fractures natural jkrniLabi1itits txld he

expected to range from low to high.

To control seepage, a rock toe drain was sikecified in design as

shown on Plate 2, Appendix I. Gradation specifications are included in

Appendix V. In atterpt to prevent piping arcund the lake drain and

water supply pipes, anti-seep collars were included. The seepage observed

along the downstream is apparently the result of normal functioning of

the rock toe drain.

6.2.3 Stability: The dam is 48 ft high and has a crest width of

approximately 21 ft. Design slopes are 2.5H:lV on the downstream side

and 3H:IV on the upstream side. Measurements taken at-the center of the

dam indicate the downstream slope is 24H:lV. A 7 ft wide berm exists on

the upstream slope at approximately elevation 194 msl.

-21-
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' ' I > i" " i S ' t . .. . f, . ', h ' . t , . . .! .

:, -bo It I" >t ion. A fctor of safety of 3.0 - ws calc-:i "-fr

D'- i t cn .... t ;on. ad''tors of safety of 1 .3 and 1.25 w-re caIc.-

S t .... T- ie undi rapid dra<]own, rlspctively.

C.2.4 Seis.ic Stability: The dram is located in Scisrmic Zone 2.

Thr. fo-e, according; to the Recomr-ndced Guidelines for Safety Tns:(ction

of Dais, the dam is considered to have no hazard from earthquakes

provided static stability conditions are satisfactory and conventional

safety rargins exist.

6.3 Evaluation: An accurate check on the stability of this

structure can be made from the available design data (Appendix I,).

The data reviewed were found to be generally acceptable. The stability

analysis for the downstream slope under steady seepage conditions

assurTng seepage emerging on the embankment indicates a factor of

safety of 1.3. This value is slightly less than the reconended factor

of safety of 1.5 included in the Recommended Guidelines for Safety

inspection of Dams, Reference 1, Appendix VI. Based upon the design

data, addition of a toe drain and performance history of the structure,

includinc. water levels exceeding the SDF, we believe further stability

..alvs( s will not be required. For the upstream slope a factor of
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* I. , •, :.: 15 -w I v:It : I. d

k,~~~~~~~~ ~~~~ r, t.:' I, ."k- s' I ;':> S-[ ' -I''" I tt., ] t- y t . %

,::• .jr.. : ,'tur of I, of 1. was clc..atc& for th,: downstr.-am

.", ' :. >r s S .! :5tlv ' Q'i thc- 1.5 faIctor of safcty re(rxn Ied

r, f rme i, .4ir:,,x \7, i sxd upon the design data, quality

con:--l used durini construction, and pLrformance history of the

stuct~re:, no further studies are reccmrrunded. A routine maintenance

:rcura exists for the structure and maintenance is considered

*-r..i.&. At th- :-resent tiffc, there is no warning system or evacuation

"7.2 Reccz lncild k,:cdial .oasuares:

7.2.1 neruenc" Qeration and Warninq Plan: It is recomended

that a formal emergency procedure be prepared, prominently displayed,

and furnished to all operating personnel. This should include:

1) How to operate the darn during an energency.

2) Who to notify, including public officials, in case

evacuation from the downstrean is necessary.

7.3 Rrnired Maintenance:

-24-
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7.3.1 A staff iqt, souId be iz:stal I to TLTMIitor water .vls.

7.3.2 Small sapplings growiny in the ripiap on theujstriam

slope should be- rtuved.

7. 3.3 Bare areas 1,rvsont along the downstream toe and areas of

sparse ve-getation on the downstrcam slope should be reseeded.

7.3.4 So.j- e alon the downstream toe should be monitored

during nrintenance to verify that det-inruntal surface erosion has not

developed along the downstream toe. If such conditions should develop,

a Professional Engineer with an expertise in Geotechnical Engineering

should be contacted to evaluate the problem and make reconrendations for

required corrective measures.

7.3.5 Attempts should be made to halt shoreline erosion in

order to prevent sediment build up in the lake.

7.3.6 For monitoring purposes, it is recornended that the downstream

beaver dam(s) be removed, so as to prevent submergence of drain outlets.

-25-
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M~APS AND DRAWINGS



-0-

R .0 L NL

4-

250

2LAKE CAROLINE
7s)/

W\F7

~ 214

Laj~e Caroline

fV

2 Golansville*

13'

V. P

aleeATE-)NO.1>L-

9,r HE LTTkA

'-' 95- 770/.



. A*4A ?fl..? '.- p ,

'A -.tF f

Af 1,7 -. AA 1

(, A,- .A
00-,

0,

A.,A



.4 .- F-l

41.

A'S V92 Aft

, OW-4.

-- J ,-~ .~. -it

Alf .

.- ~'.. .

A7~
Par ZW Lr

.4.-..-

.~ - I/ .- !"W61c-

S-7.

Mus . xi

-ar 
I' 

. .

7[ . l"4 
C TA



£

,.s .a .. .' . .. -

- *1 -~

- .

7~V7 ~7
2~~

~A..*.. * -

1~ ~
.1.

- .--~J -

A *

A. .-.

/

C -. - .,- r*~.. a..

- - r. . -.

-4
~2.~.

I,,.
1~~

~ '-e.

5-

I I

-~ - I

* ' ,- I

I

I ,.



. -- _ . .. .. .. .... ...... .............. .Ti •--.. ...... . .... ....--.... ..... ... .. ..... . ...

.. . . .I '  I " "'

I., .:~ : 
1 .

a. * I,. - -

-- a

i i A)

AA

A Uo

1,4V.

L, CAR 
, 

NE A MO. I

4 .TO E ORAIN[' lk CUT-OF TR

5. ..L

..... .,,,,,- .... AN. PROFILE.&DET-S- - - ---- - ---- '--"., . .--_ - -' " -"A



- A- --
f--~

-1 Al

scA ~v/z6~'/A 1x
a~~~~~:~7 0 jr--_ 

_ _-L

AI3 ~ ~ V_ ';I.4~ C

7 6

IA -.4

55~ 1 I .1
- fl 54.4 *j~a--t:=.- -,A ?'~A

- ,.J, ~Z,



4£

I -

a .-. A.( .'- . .. ._

It 1 I *"

: 

-
- " :2 A ... : .-

e.. 
" ,

I-' ' ,a n 

.,J" :

* - I - -t' .
- - - " ..

T .- " - -
-A</ 

.tt "/ T " , '

-7i 

-

.40- 

-I

- .. ,*P..., , r.,....a- .

II .I.I• -'-C•, 

.. A .,

-- 

T O M

i- ; - ." -

-" ' I;# f " . " ::: " .-

..... 
3.gj= E&L__

.... ""--' 
-l " . . .... - - " .-' ... 4'-:"... ' " ' 

-

PLATENRAIO

' •- ,..-. .- -.-..- -..

- _ ----
s jvc, O T-E

LAKE CAROLINE DAM NO.1
... SERVICE OUTLET

PLAN&S SECTIONS



, - ._ 9-

- -.- . .. .

, . .^-' ' - -,

'9 I - ---- -- .. .../
-- . ... " 5P/ C.

- t".L/ " • ._

"'. "."-"/-., /I".

*) "-. ,.

--
-'-I' . , -

- " V -- ... -

\ -

. .--\---s

\-/\ . -\\ -.

-V,, --i'N

• . - , ! -, ,

I F, .- '*

. , , :., , ,_ . . . ',



dLL.2 ca ZW

r,4,i........~

Jl 

r"

-- am

- ~ *5t~
4  

- -..
/

it~

--~~~-. * w5 ,.c -- t

TIP :-.c,:-7- ...

PLAT NO.-. utupow-

'tfLK 

AOL ECMN-

*-~ -~ -~ - - - . -- -

1

PLN PRFL kSC .



.. /- :: . . ,.'

' / *- . -

-" 5"!

/ ."- /A -, -

/o L. . .. . .. .. '." "J*f, i

- r . . ... .- . .U- t- - - •: - Z; - . -,- --
1 ! , ' " - ... ..... .. ' :;: .,;... . . .;, -- " / /

/ / , 2.F " -- ". , •t,7 --

1 K1'-"4 . . - ... . -.

, ./ , " .. - /'-,5, ¢ , %.. . - . - "/

,..',,, , ;.. • > . , '.. -. /- - 7 L ,

.. " ' S. *.'

,. o -,. .-- , ,X ,.j-
., 1.", -. ". -

-- ,---- .-

, Z5' ' .

t- N --

\I-- \ "

, ,, I,

'.5/ .4,

". , ,

' i:s .. -
:;;; .. = - - .__ ; .. ........* (,*,z.F :?, ,, ' .,I



~~~=4~~w' duo or. ~'' o *MW

NcL

Jr..

-J

A C P .0I 4 " 0

0 . VO-.

.",r.
a .. *

-. C f; A4vf-m 4= 7 a.- t5
of 1W

A~ ~, - I *4*1< at.

pt"*
F ~ COA/OV4 ME .~t

7' YR:9V.A*.-.

~~~~~~,,~AEICNRAT SERVICE A~~ . *? eo .4j~fI

jRCORPORATION

TYP~~~~SILWA -i1:/LIA .- -

Ly- - C .. * 1,-4"LAN. PROFILE SCTI



.- 4-ow~- "d& -- . -w-

S,,t~~~ A,'.04* r -

ac., I

I ..........

W.5* IV* e-- er

.1T -

,(I. I-

"f~~~~~~ V,#A,1"r14

."C~r'b

'I #4.&. a



*PICC

4"A V. *IV a'

1-6

,rd* 0

Jr.

rIp

AVWACAAA P d A' 4W a

X.

- ~ ~ ~ ~ ~ ~ ~ r to.~. 0.j-'r? PO I~i

--
ll ,A~q5 

C

7-- -

I Al IV C4 .WlrV A 
erg

boom-,l' -44 1A -r r-I7 A -P.i



PPIIX I I

pHUIUGAII L



Photxmiurh NJo. -;~ 1lI.
Note Acceo-s RoadA '\cr s~ 1 I ITi.'

Pk-1

......



/ac



photograph No. 5 - Water Treatment Plant
Imnediately Downstream

11-3

lI

(
.. . . III li l~lii ..... i l, ' - I _= . . .



APPENDIX III

FIEID OBSERVATICtZS



LnL

00

M

00

t~ 0;

-4

>1 04 U

0 40)

-49

H U)

0

M

41

L'4-



+10

4 -4 
4

00U

1+10

'4- 48

20 0m

4--4

0 4-~0

4-4 4-) 05 "

E/)O E'p -1 4-)
0- Q.4

4 0)

0 u) r.U)*

0.- zn C) Er 1 (80 -H -24 r-
P4 M 0

o4 o nQ44 j0 4-
H @0u

U)- 04 )Hf

'7 4r4E -4 u .
M0nr

-X 0 E

0* 4jrl



o In
'-4j

-4

*Hr Cl) II
.0 (44j

:3 U) Eu
U) U

Al4 j)4~'4-

4) '-0

0 raO4-) a)

U) (a 4>

1 4 a) -4 ) a E

a) r- 0.94-)

54 -44U)

0f

a. C 4 *-

. I.E.



2484

-'4 C

Urn8

'-4)

U)o~

-'4 1-4J.

040

r.j2

U)10 E-

rd : -1)4--1 t

4J4J- 
r W W

.- 1-n

0,0 0

-P cn 4'r-4 4-J

v 14

-4 0 U

4-4 (150

0 0 u n c (.

rO 44 0(l



Ln

1-4i

0

'-4 rI

r-i En

04



0

14-4

c4 0'

U)U2

4'-

E-4 'n - :J

CE n 4

0)

Z4 U)

4i-)

rL/

0 .



IN

(A-

5 

'-4

4-

4-44
00

.r4

-4 ) 4t4

14 H

0)

040

0 Ef

-S t , a)



0

b-I

UU

I - (n

r-4

o-4~ > ~
(D 4J ) 1-4 4

0~ 0'-4-40
0 >
H

U)c

0 L) ra U-4t

84=

14 u ti4-
(n (0- ( -

rg M Q) +1

LiC.

E-

00
b-4FE-4

0i 0 0
En~ A4 ~



4-4)

-4-

.H

41~

E-4~4 -

CQ)
M-k-

04

V..13

C, 0 0

/l



d.

I

I I I

I

4-4

I: -4

- '-4
U, 

-4-4

a
&

U

P
I

/



Q)

-4

a cn

4 U)

-4 1-

Q4 c4

~~~4J 0 I-

(C 00

Cfl)

'-4 ~ -4

u 0 U'-



-J - - -~

1

2

TI 5
u~ ui

v-I uJH ~ -~I
±

i"- ~I so

C i~j ~

I -. 1.1< L

i A
.~' I iii

f6 ~/

~a' .~J

LI

Li "a (ii
2

\

17
~ LiiF

e
-3 F 0-

LAq

* I La
- 6 1L1 '-1{ '4.

4 ~
Iz

o 2 I -~

.3 4

~ ~ oI; $L~J~2

\I N

/

. ~. A ' -



APPEN'IDIX IV

DES IGNJ REPORTI



G. K. JEWELL AND ASSOCIATES

195 CHIT[ENDN AVENUE

COLUMEUS. OHIO 43201

Tt7t& VtlP 2S4 3740

G K JEWELL PC WILLIAM W C._A- PC

SDUR 0 D lNLOIC1. JR P C InEvOR P LRAIG. P K

October 18, 1968

1112

American Realty Service, Inc.
P. 0. Box 4831

Crosstown Station

Memphis, Tennessee 38104

Attention: Mr. Robert Sanderson

Re: Lake Caroline Dam
Fredericksburg, Virginia

Gent lemen:

Submitted here is the report of the work done on the Lake Caroline Dam.

This work has been done in accordance with an agreement reached in the meeting

between Mr. Robert Sanderson, Mr. Robert D. Sayre and r. G. K. Jewell, on

August 22, 1968. Wr. Robert D. Sayre's report of July 1968, which was loaned

to this office by American Realty Service, is also enclosed.

Please contact this office if you have questions in connection with

any phase of this work.

Very truly yours,

G. K. JEWELL AND ASSOCIATFS

VI/
V. V. Rajadhyaksha

VVR/ea

Submitted: 3 copies
cc: Mr. Robert D. Sayre

Fnc: Soil Study and Embankment Design

Lake Caroline Dam

__)
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INTRODUTION

At the request of Mr. Robert Sanderson, Mr. G. K. Jewell met with

representatives of the American Pealty Service and Mr. Robert D. Sayre, the

soils consultant for the proposed Lake Caroline Dam, to discuss the need for

a blanket drain below the toe of the proposed embankment. As a result of

this meeting, Mr. Jewell agreed to determine if strength data were available

in the files of G. K. Jewell and Associates for soils comparable to the soils

with which the proposed embankment will be constructed. If such data were

available, stability analyses were to be performed to determine the factor

of safety of the structure without a blanket drain. These considerations

were contained in a letter submitted to Mr. Sanderson on August 23, 1968.

Strength data for material comparable to the project soil were not

- available in the files of G. K. Jewell and Associates, and samples of the

proposed borrow material were requested so that laboratory tests could be

performed. The soil received for testing was obtained from the emergency

spillway area. A testing program was developed for the proposed borrow

material, and subsequent to the completion of this program, stability analyses

were performed.

LAIURATORY TESTING

Based upon visual identification, the proposed borrow samples were

found to be similar and were mixed. The following amount of testing was

performed on the combined sample.

I Visual Identification

1 Liquid and Plastic Limit
I Sieve Analysis

I Sieve and Hydrometer Analysis

I Standard Proctor Compaction Test

I Unconfined Compression Test

3 Unconsolidated-undrained Triaxial Compression Tests

3 Consolidated-undrained Triaxial Compression Tests

with pore-pressure measurements.

G. K JEWVL- AND A'SSOCIATES

llOILSl IN GIkLftING CONSULTANBl
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The results of the liquid and plastic limit test are given on Plate 1.

Results of all other tests are presented in curve form on Plates 1 through 9.

ANALYSIS AND RB0.,h ENDATIONS

The soil in the proposed emergency spillway borrow area is reported

to be weathered faltimore gneiss. 7e soil when air-dried appears to be

granular upon visual examination, but upon the addition of water and applica-

tion of finger pressure, tends to break down into a fine-grained soil. A dry

sieve analysis resulted in the gradation presented as Curve 2 on Plate 1.

Curve I on Plate I shows the gradation of the soil after it has been soaked

in water overnight and agitated in a-standard mixing cup used in the prepar-

ation for an hydrometer test. %hen a plastic limit test was performed on a

sample by adding water directly to an air-dried specimen, the soil does not

appear to be plastic, but when soaked for several hours, a specimen of soil

had liquid limit and plastic limit values of 59 and 44 percent respectively.

It was also noted, that compacting the soil at practical moisture content

values does not break down the soil significantly. After compaction, the

gradation of the soil is more like that of Curve 2 than Curve 1 (Plate 1).

Therefore, it is believed that at the time of construction of the embankment,

the borrow soil will be represented by Curve 2 but that after passage of

time, the gradation of the embankment soil will lie somewhere between

Curves 1 and 2. Evidence of this phenomenon was also found while consolidating

a test specimen for a remolded consolidated-undrained triaxial compression

test. The test specimen continued to consolidate under a constant pressure

for longer than 24 hours. This indicated that the apparently coarse-grained

particles continued to break down to finer particles under the confining load.

G. K. JEWELL AND ASSOCIATES ___
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3.

All of these observations indicate that the sample is mainly composed of

weathered rock particles which are in the process of breaking down to soil.

Stability analyses based or the results of the remolded laboratory

tests were performed on the dam section, proposed in Mr.' Robert Sayre's report

of July 1968, after deleting the downstream drainage blanket. The conditions

for which the analysis was performed were: as-built and steady seepage for the

downstream slope, and suJden drawdown for the upstream slope. Effective

strength values obtained from the consolidated-undrained triaxial compression

tests were used for the analysis of the sudden drawdown and steady seepage

conditions. The minimum value obtained from the results of unconfined com-

pression and unconsolidated-undrained triaxial compression tes-, were used

for the analysis of the as-built condition, Following are the minimum

acceptable factors of safety considered for this project and the minimum

values obtained for the various conditions of analysis:

Factor of Safety

Condition Acceptable Actual

As-built 1.3 3.0

Steady seepage 1.5 1.33

Sudden drawdown 1.2 1.25

For the stability analyses, it was assumed that seepage would occur

through the embankment and would break out on the downstream slope. Because

of the granular-like nature of the fill material, seepage through the embank-

ment is possible even though there appear to be granular materials below the

embankment which could act as an in-place blanket drain. Generally, the

embankment was safe using the strength values determined in the laboratory.

It was found, however, that the toe of the embankment, in the zone where

.,seepage might emerge, was potentially unsafe, and analyses at this location

G K itWELL AND ASSOCIATFS
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resulted in the factor of safety of 1.3 which is listed in the foregoing

table. If the toe were to slough, the rest of the embankment would be

endangered.

The rock toe material has been designed as a filter to prevent the

embankment material (in a granular-like condition) from infiltrating into the

rock toe and causing piping. It should be noted however, because of the

peculiar nature of the borrow soil, there nay be no protection from infiltra-

tion if the embankment soil in the form of Curve 2 should deteriorate, in

time, to the condition represented by Curve 1.

Based upon this investigation, it is believed that the blanket drain,

which was originally designed for the downstream slope, may be omitted, but

that a rock toe should be placed as shown on Plate 12. The rock toe should

- be composed of materials having the gradation limits shown as the hatched zone

on Plate 1 and should be covered with 4-inch layer of borrow soil. Actually,

the rock toe will be necessary only if seepage occurs through the embankment

and breaks out on the downstream sl.ope.

It is believed that the soil proposed for borrow will erode severely.

The surface of the completed embankment should be protected from erosion as

quickly as possible.

A concluding statement in connection with the soil evaluated for this

project is appropriate. It has been observed that the borrow soil deteriorates

under pressure, especially when wet. These conditions will occur when the

soil is used in a water-retaining embankment. It is possible therefore, that

the structure and the characteristics of the borrow soil will change. The

I results of these short duration tests do not necessarily indicate the long-

term strength characteristics of the soil in a brolen down condition. It is

G. K. JEWELL AND ASSOCIATES_ _ _ _ _ _
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repeated that it is impossible to evaluate the long-term performance and the

safety of this embankment based upon the information developed in the course j.

of this investigation. It would be desirable therefore to determine if tl.ese

materials have been used locally for earth structures and if there are per-

formance records available in connection with the long-term behavior of these

soils. If such information is available, it should be used to determine if

additional modification of the design section is desirable.

- °. ..
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STA!!D-AKD P'RX71Oi COVIAC7ION Ti';ST '
Project: Lake Caroline D~im

Location: Fredericksburg, Virginia

lest Pit- Emnergency Spillway Sample: Bag

Material: See Plate I and report.

Hammer: 5.5 pounds -Blows: 25/layer

Drop: 12 inches Layers: 3

Optimum Moisture Content=27.5% Maximum Dry Density-95.2 pcf

Unit Weight vs M~osture Content

11--'- LL

i -- . - - -

ii -.0 -I
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PLATE 2



Pioject: lake Caroline Dam

lcat ion: F eder ic k-sbur g. Virginia

Boring: Eiex gency Spillway Sample: Fag

Material: See Plate I and report.

Moisture Content: 27% Unit Dry V eight: 95 pcf

Size: 5.59" x 2.83" dia. Unit Wet Weight: 120 pci

Stress vs Strain
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Pro.iv'ct: lake Caroline

Location: Fy edericksburg, \yirginia

Boring: Fneigency Spillway Sa riple: Ilag

Material: See Plate 1 and report.

Initial Moisture Content: 28% Unit Dry Weight: 95 pcf

Size: 5.59" x 2.83" dia. Unit Wet Weight: 121 pcf

Vertical Stress - tsf
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Project : I-ake Ciuroline Dum

Location: Frederic kstburg, Virginia

Dor ing : Emergency' Spillway anpe Bar

Material : See Plate I and report.

Initial Moisture Content: 27% Unit Dry W~eight: 05 pcf

Size: 5.59" x 2.83" dia. Unit Wet Weight: 120 pcf

Vertical Stress - tsf-
15304.5 6.0
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rroject : L-ake Caroline Damn

Loca t ion : Fx vdericsburr, Virginiia

or i ng:- Emrgrency Spillway S a m,-Ie: Ba r

Material : See rlate I and report.

Initial bisture Content : 2 7,' Unit Dry Weight: 95 pcf

Size: 5.59" x 2.83" dia. Unit Wet Weight: 120 pcf

Vertical Stress tsf
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Project: Lake Caroline Dam

Location: Fredericksburg, Virginia

Boring: Emergency Spillway Sample: Bag

Material: See Plate 1 and report.

Initial Moisture Content: 28 Unit Dry Weight: 04 pcf

Size: 5.57" x 2.83" dia. Unit Wet Weight: 121 pcf

Vertical Stress - tsf
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iYRIAXIAL C~'SI ON T~- KiUiS'L-'iT 'i~-i2~ K /Zt.:T

Project : Lake Caroline Damn

Location: Fredericksburg, Virginia

Bring: Emergency Spillway Sample: Bag

Miaterial: See Plate 1 and report.

Initial Moisture Content: 280% Unit Dry Weight: 93 pcf

Size: 5.58" x 2.83" dia. Unit Wet Weight: 12.0 pcf

Vertical Stress -tsf
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Project: Lake Caroline Dam

Location: Fredericksburg, Virginia

Boring: Emergency Spillway Sample: Bag

Material: See Plate 1 and report.

Initial Moisture Content: 28% Unit Dry Weight: 93 pcf

Size: 5.58" x 2.83" dia. Unit Wet Weight: 120 pcf

Vertical Stress - tsf
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Project: Lake Caroline Dam

Location: Fredericksburg, Vir inia

flring: Emergency Spillway Sample: Bag

Material: See Plate 1 and report.

Initial Moisture Content: 27/ LUnit Dry Weight: 95 pcf

Size: 5.58" x 2.83" dia. Unit Wet Weight: 121 pcf

Vertical Stress - tsf
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C 10 "

20 - -- - 4 1_!i - - - - -

es:Cbnd i t i ns:

pes . rf)rm-d 3n al e dd ample

oldada a e dr ied

5 Isf cohfiii eIse.
.0 ta3 S•r-

4

1. 5

/'
I V

1- 1,~0 , -3 . ''4 '

Normal Stress - tsf

PLATE 9



Project : Lake Caroline Dam

location: Freder icksburg, Virginia

MOHR STRF.WThi ENVELOPE

Renolded U)consolidaled-unrjirained Tr -al Compression Tests
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Pro lect : Lake Caroline Damn

Loc ati on: Fr eder ick-sburg, Vir fin ia

STRFNCGTH ENVELOP E

Remolded, Saturated, Consolidated-undrained Triaxial Conprcssion Testi

Apren Sirength .- .
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EARTHWORK AND E DRAIN SPDEFICA~TIONS
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-- S. TION i

* - EAR=hWCRK

-. . I

I . * I. I

.1.1. CLEARING AND GRUBBING:

(1) Work Included: The work under this Section includes furnishing
all labor, materials and equipment for clearing and grubbing the site

-to be occupied by the perz.anent construction and the surface areas of

all borrow and waste areas.

(2) Clearin: The areas to be occupied by permanent construction
Atogether with the surace areas of *all borrow pits and stockpile sites

shall be cleared of all trees, stumps, roots, brush, fences, poles,
rUbbish and other objectionablenmaterial. Such material shall become
the property of the Contractor and shall be burned, .removed from the
job site or otherwise disposed of as approved by the Engineer.

(3) Burninq: All material to be burned shall be piled neatly and

when in suitable condition shall be burned completelyi Piling for

burning shall be done in such a .manner and in such locations as to

cause the least possible fire risk. Burning shall reduce all materials

to ashes. The Contractor shall at all times take special precautions
to prevent the spread of fires beyond cleared areas and shall have
available equipment for use in preventing and suppressing fires.

1.2.. EXCAVATION

(1) Work Included: This section of work shall include the stripping
of the work area as shown on the drawings, the removal and disposition
of unsuitable materials from the work area, the excavation of the cut-
of. trench, preparation of the embankment foundation area for backfill
and the backfilling of all areas other than the embankment proper and

around structures.

(2) Stripping: After the work area his been cleared and grubbed,
it shall be stripped of sod, topsoil, organic material or other

-objectionable material to a minimum depth of one foot or to a
greater depth if topsoil exists to such greater depth.

Suitable topsoil shall be stockpiled for later use upon the embank-
ment or other. filled areas. Objectionable material and excess topsoil
shall be disposed of within the reservoir area as directed by the
Engineer. .

-- A
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(3) Excavation of Foundation and Cut-off Trench: Excavation shall
be to the lines and grades shown on the drawings or as established

by the Engineer'. During the progress of the work it may be found
desirable.to vary the slopes or dimensions of the excavations shown
on the draw-ings.

'All. excavations for the enbankc-ent, cut-off trench or structures
shall be under conditions free from flowing, standing or seeping
wa-ter. . During the progress of the work the surface shall be main-
tained so that it shall be well drained at all times. Tne excavation
shall be maintained in the above-stated condition until such time as

Sthe embankment or structure has been constructed thereon. No excavation

shall be made into frozen materials 'without the written permission of
the' Engineer.'

(4) Disposition of Excavated Material: Excavated material suitable
for use in the fill area may be used directly for that purpose or
stock-piled for such later use. All such material must be approved
for use by the Engineer. Materials excavated from the embankment
foundation shall not be used in the construction of embankments with-
outthe express permission of the Engineer. -Excess or undersirable
excavated material shall be wasted within the reservoir area in the
general vicinity of the construction as directed by the Engineer. All

such waste areas shall be fine graded to drain properly and present a
neat appearance..

(5) Excavation for Buried Structures: If the material at or below the
normal grade of the bottom of the structure is unsuitable for foundation,
it shall be replaced to such depths and widths as necessary with stablized

-gravel..

(6) *Preparation of Foundation- Subgrade: The subgrade for the embank-
ment shall be prepared by scalping to a six inch (6") depth or deeper
if so indicated on the drawings, compacting and leveling so that the
surface materials of the foundation will be as compact as hereinafter
specified for the embankment proper. Surfaces upon which the earth-
fill embankment is to be placed shall be cleared of all loose and ob-
jectionable material in an approved manner by hand work or other
effective means. "

The -surface of the subgrade, immediately prior to placing the fill,
-shall have all surface water removed, soft and unstable areas ex-
cavated and shall be properly moistened and sufficiently clean to
obtain a suitable bond with the earthfill. r

r

-2-

6 ., "/



(I) Work included: The work under this Section includes furnishing

all labor, materials, ecu ipent and transportation nqcessary to com-
plete the co;:.pacted earthfill eban ;ent to the lines and'grades shown
on the drawings, incudij the backfil. of the cut-off trench.

(2) Borrow sites other than those, designated on the plans shall require
the approval of the Engineer prior to excavation in that area.

Clearing, grubbing and stripping of the borrow areas shall be as required
by other sections of these specifications.

The Engineer shall designate the deoths of cut in all parts of the
borrow pits; cuts shall then be made to such depths. The earthfil
mazerial delivered on the dam embankment shall be equivalent to a
mixture of materials obtained from an approximately uniform cutting
from the full height of the designated face of the borrow pit excavation.
The type of equipment used and the Contractor's operation in the excava-
zion of borrow m.aterial shall be such as will produce the required uni-
fo-mity of mixture of the borrow materials. The plasticity index of the
borrow material shall not be less than 10%. All dry, hard iunps of soil

from the borrow pit shall be broken, down so that the largest dimension of
the l-ump is less than three (3) inches.

Excavated-surfaces of borrow pits shall be graded to slopes not steeper
than 1 1/2 to 1. The borrow pit sha_l be operated so as not to impair
the -usefulness or m, ar the appearance -or. any of the property of the Owner.

Borrow pits will be maintained with sufficient slopes to prevent stand-
ing water and shall be provided with drainage ditches toconvey storm*
water to natural outlets. Seepage zones, if encountered within the borrow

area, musz be controlled by properly-placed drains to prevent the borrow
mazerial from becoming wet,'weak and compressible.

The selection of suitable borrow. materi*ais shall be under the direction

of the Engineer at all tiues. Materials having a dry weight of less than
110 pounds per cubic foot shall not be used in the ebankments. Particles
larger than 6 inches in diazeter shall not be used in making the embank-

(3) Placing Fill Material: Fill macerial shall be placed in successive
layers of not more than 6 inches depth loose measure, placed approximately
horizontal for the full length and width of the section. A.crown of 2%

slope shall be maintained on the cross-section of the fill area to provide
drainage.. Materials shall not be.placed on areas softened by standing
water. If it is necessary to provide a break in the length of the earthfill,
the end- of the sections shall slope not more than 4 to 1. No frozen
.. erial shall be placed ir, the fill nor shal the e7,bankment be placed

o: frczen cror-.d. if the surface of a -previously accepted lift of embank-
::.e.t zbecoces wet aLz,d stable, such material shill be rct, oved and replaced
to such extent as directed by the Engineer withbut -further compensation.

-3--
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: c:tto 2 r .m 2% b-iow to .2% a.,ve c. :o. sz ure co;,tt,rnt.

:.z .-;10r ~;ISZ T C sh"a b e c :i -,Aec a s t.tw .*ter content chwill
result in a G~i;u ry -knit Weig-t of thne soil when subI.jected to
t.-,e Sta;-do rd Proctor Co.;.piution 7'est, 7AASiO Ti-99 or A.S.T.M. D-698.

Optiazum moisture content "or the borrow material shall be determined by
tine .giner &sed on~c~aco control curves. Field density tests

w '11 also be perf;.rL on ;materials paced in the co;.-.acted fill during
coriszruczion. mater--al which d3oes niot contain sufficient moisture to
meet tIne c~ove rcrzrtsshall be sDrr.k-Le6 with water at the borrow

site or or, thne emm."ar..-,.rnt as directed by the Engineer. Xaterials contain-
in~g excess moisture sllbe dried to vmeet teabove limits prior to
co.-inaction. Drying of wet m-,aterials shall be accomplished by the use
of plows, discs, hAarrows, scarifiers or power-dr-iven mixing machines
as approved )y t-he Engineer.

The --aterial in the cut-off trenchI- and embank;-ment shall be compacted to
a m-mmof 97% of the standard Proctor -density.

Tampin~g rollers shall be used for compacting the ea-rthfill to the above
density. The Contractor shall at all times maintain sufficient compacting
eauipnment operating on --he fill to balance the numbers of hauling equip-

iet sed to deliver and suread the borrow im aterial.

When each layer of loose 'material hAas been prepared. to the moisture
content herein provided,. it shnall be compacted by passing the compacting
roller, as specified above, ovrtelyramnnmo i ie.Each

pass sh-all overlap the preceding pass by not less than one foot. If tests
indicate that less than the reocired degree of compaction has been
obtained by this m.-ethod, the weight of the roller may be increased, the
number of passes of the roller m-,ay be increased, or the thickness of the
layer of material' may be decreased.

:t s'-all be the responsibility of the ContLractor io'properly bond each
su.cceeding layer of material to the layer previously rolled down. If
the rolled surface *of any layer is too s-rnoozh..or_ too dry to bond properly
withr the succeeding layer, it shall be roughened by harrowi-ng and moistened
to the satisfaction of the Engineer before the succeeding layer is placed
in the fill.

1.. ACKr-:LARDUND STRUCTURES:

materials placed against, over and around the permranent, concrete
structures shall be classified as "Backfill around Structures."
Applicable provisions of Section 1.3. "Ebnmn"shall' apply to
thnts work except that m.aterial sh,-all be placed in layers not to exceed
fo,;r inches loose muas~re and compacted by mechanical tampers.
Mec'.hanized eauip.ment such as bulldozers or front end loaders shall not
be used tj push hacifill material against the completed masonry. Care

1,e. Dc kca. to higall fil u tvenl.
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5.1. V.ORh I NC7-Ul)ED:

~s ,iEn :rnclic-es all lchLor, ec 2.;T,6r n~a~ra ot Lp C; caiy

,a] A-L f i!er ic. f>zrs

5.2. 7\PF'P0 -ON, CEC FYA~AL~ O~2~CO

Tn gerneral sections 4.2. throuigh 4.6. of these swpecifacaziorns sh~all
covern the work irjcluo-ed urnear trssection.

5.3. TOE DRP.TN :TR

7-n sand f or t e toe drairn filter sh-all cc~omto the following gradat.ni

-:assing 3/8" sieve 100%
Passing No. 4 sieve .95 - 00%

Passing No. 8 sieve 85 -100%

Passing No. 30 sieve -60 -90%

Passing No. 50 sieve 45 -70%

Passing No. 200 sieve 5% aini

The gravel for the toe drain filter shall be crushed'.rock or pit run cravel

conforming to Virginia Department of H-ighways grading No. 19 or 20, except
that the amoun~t of mraterial passing the No..' 200 sieve shall not exceed 5%..

The sand& and gravel used ir, th-e toe drain filter shrall be free from dirt

and organic matter.- The material i~n the f.-ier shall be com-,pacted to the
samre den~sity as the em anknent.

-17-



AjjPI'NDIX VI-

1. Recoiir nnced Guidelines for Safety_ In,)ect on of .las,

Departient of Aimy, Office of the Chief of Engjneers, 46 pp.

2. Design of Small Dams, U. S. Lx- partrrent of Interior, Bureau

of Reclaation, 1974, 816 pp.

3. GeoIogic Map of Virginia, Virginia Division of Mineral

Resources, 1963.

4. HEC-1 Dam Break Version, Flood Hydrograph Package, Users

Manual for Dam Safety Investigations, the Hydrologic Engineering

Center, U. S. Army Corps of Engineers, September, 1978.

5. Hydrometerological Report No. 33, U. S. Department of Conrerce,

Weather Bureau, U. S. Department of Army, Corps of Engineers,

Washington, D. C., April, 1956.

6. Technical Paper No. 40, U. S. Departmient of Comierce, Weather

Bureau, Washington, D. C., May, 1961.
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