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20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained n the recommended guidelines for safety
inspection of dams, publs by the Office of Chief of Engineers,
Washington, D. C. 20314. 8he 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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PRFACE

This report is prepared under guidance contained in the
Recc"mended Guidelines for Safety Inspection of Dams, for Phase I
investigations. 0opies of these guidelines may be obtained fran
the Office of Chief of Engineers, Washington, D. C. 20314. The
purpose of a Phase I Investigation is to identify expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. 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.

in reviewing this report, it should be realized that the reported
condition of the dam is based on observations of field conditions 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 irproving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating envirorent of the structure.

It is inportant to note that the condition of a dam depends on
numerous and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assum that
the present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through continued 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 Maxim=n T

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 masure of relative spillway
capacity and serves as an aid in determining the need for nore detailed
hydrologic and hydraulic studies, considering the size of the dam, its
general condition and the downstream damage potential.

... . -



PHASE I REPIO)
NATIONAL DAM SAFELY PROGRAM

I

BRIEF ASSESSMENT OF DAM

Name of Dam: Leatherwood Creek No. 4 Dam
State: Virginia
Location: Henry County
USGS Quad Sheet: Martinsville East
Coordinates: Lat 360 44.5' Long 790 45.7
Stream: Wet Branch of West Fork of

Leatherwood Creek
Date of Inspection: July 1, 1981

Leatherwood Creek No. 4 Dam is a zoned earthfill structure about

330 ft long and 41.5 ft high. The principal spillway consists of a

reinforced concrete riser and a 24 inch diameter concrete outlet pipe

which extends through the structure. An earth emergency spillway is

located at the left abutment with a 100 ft wide bottom and 3H:lV side

slopes. The structure is classified intermediate in size and is

assigned a significant hazard classification. The dam is located on

Wet branch approximately 1.0 mile west of Leatherwood, Virginia. Tnt

dam is used for irrigation, flood control ana recreational purposes,

and is ownea and maintained by Mr. Dana E. Barrow.

Based on criteria established by the Department of the Arry,

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

Design Flood (SDF) is the PMF. The spillways will pass 20 percent

of the Probable Maxinum Flood (PMF) or 40 percent of the SDF without

overtopping the darn. During the SDF, the dan will be overtopped for

L



3.5 hours up to a imximr. of 1.7 feet and reach a maximn

velocity of 5.6 fps. Flows overtopping the dam during the SDF are

not considered detrimental to the embankment with respect to erosion.

The spillway is judged inadequate, but not seriously inadequate.
I

The visual inspection did not reveal any problems which would

require immediate attention. A summary of the design stability analyses

for the upstream slope under drawdown conditions were reviewed and found

to be acceptable. The downstream slope meets requirements recommeded

by the U. S. Bureau of Reclamation, however, the embankment crest is

4 ft narrower than recamended.

It is recommended that the owner implement an emergency action plan

to warn the downstream dwellings of any dangers which may be inminent.

The following routine maintenance and observation functions should

be initiated within the next twelve months:

The grass and weeds on the dam embankment and in the emergency

spillway should be cut at least once a year and preferably twice a year.

Maintenance is recommended in the early summer and fall. Existing trees

on the dam should be cut to the ground and removed. Previously cut trees

laying on the embankment should also be removed.

The eroded areas present along the left and right downstream abutment-

slope contacts should be stabilized by backfilling, ccnpaction and

seeding or placement of riprap.

The seepage drain outlets should be uncovered to allow free flow.

The saturated area present above the discharge outlet should be mnitored

-2-
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quarterly to detect any enlargement of the area or development of flow rates

which way cause piping within the etark-nnt. A staff gage should be

installed to rnitor water levels.
5

SCHNABEL ENGINEERING ASSOCIATES, P.C./
J. K. TIMMONS & ASSOCIATES, INC.

Commonweal th of Virginia

Submtitted by: Approved:

Original signed by:' Original signed by:,
Carl S. Anderson, Jr., Ronald E. Hudson

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

Commander and District Engineer

Original signed by
JACK G. STARR

Date: SEP 2 :319,1
Jack G. Starr, P.E.
Chief, Engineering Division

I
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Leatherwood No. 4 -Lake

Darn

Overview Photographs
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SECTION 1 - PROJEC INFORMATION

1. 1 General:

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

the Secretary of the Army, through the Corps 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 Comonwealth of Virginia.

1.1.2 P_'xpose of Inspection: The purpose is to conduct a

Phase I inspection according to the ReccTnended 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: Leatherwood Creek No. 4 Dam is a zoned

earthfill structure approximately 330 ft iona and 41.5 ft high.* Tilt

crest of the damn is 14 ft wice, and side slopes are approximatey 2.-

horizontal to 1 vertical (2.5H:IV) on the upstream and aoawnstreaw

slopes ot the caam. A 10 tt wide berm occurs oetwe-en elevation 76."

and 767.7 msl on the upstream slope. The upstream slope iF 311: ,'

below the berm. The crest of the dam is at elevatior 788.5 msl. "As built"

drawings show the presence of a cutoff trench which extends to "firm rock"

and a seepage drain beneath thie downstream slope. There is no slojx

protection on the upstream face of the dan..

*Height is neasured fram the top of the dam to the downstream toe at t]ic

centerline of the stream.

-- 4.,
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'1T1 pr-incipal spiilway eonr;i:st: of a remilorced concrete riser

inlet. 'Th riser ha. , ai, internal opening of 6 ft by 2 ft, and is

appiuxinutely 28 ft high. 'Thje riser has a low level orifice

(1 ft by I ft) at an invert elevation of 766.2 msl and t overflow

w :.< it t 1, Vit d -7-,.' rs1 . A 24 inch diany)ter slide qate in

t-he, iit,( at an invert elevation of 751.1 msl is used to drain the

iak. Tht outlet pipe is a 24 inch diameter reinforced concrete pipe

wh:ch o0 tl1ts at an elevation of 749.2 msl into a riprap lined plunge

ool . (Ste Plat(,s 5 and 8, Appendix I)

Tn t cryn r'c-' spillway (EMS) consists of a vegetated earthen

cha.ue1 .spillway iocated at the left abut-cnt, having a crest

el,]'Vatioz: c: 784.8 rA:. The 0'S has a botton width of 100 ft at the

cCn.t -( .-. cti(in, 3H: IV side slox,, and is in a cut section. (See

i . 2,Appendix 1.)

Lcation: leatherwood Creek No. 4 Dam is located on Wet Branch

o! tht, West Fork o: Leatherwoxi Creer, I flue%, west of Leatherwoc,

<'=rc:.st 5c I'latc. i, Ajpu-. i.)

Siz( aaii Ciassiiication: The aar is classified as an,

iIYtr:Li.:,dt IZt wtr-Utleu W,':i. its height as defined in Reference 1,

i._.4 iazau-u Classificatio:i: The dam is located in a rural area;

I ,'V A:'.,, ba2 u U(r the. proximitx'. of an ilabited dwelling located

,; Jc-.:;trei, ao several dwellings 5 miles downstream, the

da, is as. s!i;d a "sicinificant" fkzard classification. The hazard
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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 Mr. Dana E.

Barrow of Henry County, Virginia.

1.2.6 Purpose: Recreation, irrigation and flood control.

1.2.7 Design and Construction History: The dam was designed and

constructed under the supervision of the United States Department of

Agriculture (USDA), Soil Conservation Service (SCS). The structure was

constructed by Larramore Construction Carpany and completed in 1964.

1.2.8 Normal Operational Procedures: The principal spillway is

ungated, therefore, water rising above the low level orifice and overflow

weirs of the riser outlet is automatically discharged downstream. Normal

pool is maintained at elevation 766.5 msl just above the invert of the low

level orifice in the riser. Flood discharoes which cannot be absorbed

by storage and the riser, flow through the emergency spillway at pool

elevations above 784.8 msl. The 24 inch diameter gate at elevation 751.1

msl is manually operated, and is available to lower the lake elevation

below normal pool for maintenance purposes.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 2 square miles.

1.3.2 Discharge at Dam Site: According to Mr. Barrow, the

flood of recora occurred in April 1977. A high water mark placed on a

tree measured 16± ft above normal pool (Elev. 782). 'h1is corresponds

to an approximate discharge of 65 cfs.

-7-
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Principal Spillway Discharge:

Pool Elevation at Crest of Dam (elev 788.5) 71 CY

Emergency Spillway Discharge:

Pool Elevation at Crest of Dam (elev 788.5) 2000 CFS

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

I:

Table 1.1 - DAM AND RESERVOIR DATA

Reservoir

Storage

Elevation Volume
feet Area Acre Watershed Length
msl Acres Feet Inchei Miles

Crest of Da7 786.5 26.9 432 4.2 f,

Emergency Spillwz,
Crest 784.b 21.7 331 3.2 .5

ii.j Level Orifict
Crcs-, 766. 9.1

Streamibed at Down-
stream Toe of Dar. 747 - -

-8-
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SIX1'ON 2 - IN1NEELNR IN'1'A

2.1 11es w: The dam was designed and constructad under the

direct ion of tlk-, LISA Soil Conservation Service (SCS). "As Wuilt"

drawings aji dusipi data are available in the office of the State

Conservatiotast, U. S. Soil Ctxiser.-ation Service, Federal Building,

Rom 9201, 5th and Marshall Streets, Ric, rnd, Virgnia 23240.

A subsurface investigation was conducted at the site 1y the SCS

during the initial design stages. The investigation consistd of

excavating 45 test pits and drilling 4 hand augers. Subsurface profiles

and a rex)rt of thc investigation with foundation recomndations were

prepared based u;on qeologic field reconnaissance, test pit and hand

auaer data, and laboratory testina. A copy of the design report is

includhod as Apix;nix IV. Test pit and hand auqer locations are provided

on Platt 2 of Appendix I. Subsurface profiles are shown on Plate 3 of

A-leqnd-x I, while loas of the materials encountered are included as Plates

b and - of Ap;prdtL.: 1.

The dam is a zoned, cxmpacteu earthfill embankment. The earthfill

reruirc unts snowrn on Plate 6 of 1ppendix I, specify that CL and MI.

materials zje placed in Section No. i or the upstream face of the

dam. Soil classifica-ixn is by the Unified Soil Classification System,

ASTM D-2487. The downstream face (Section No. 2) was to be oonstructed

with MIL and SM materials. Select borrow areas were specified for each

-9-
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section of the embankment. "As built" embankment slopes for the

structure are illustrated on Plate 4 of Appendix I.

A review of design data indicates the dam is founded on overburden

and includes a cutoff trench which extends through alluvial and residual

soils into "firm bedrock." The cutoff also extends to the sam materials

in both abutment-. Vie cutoff trench has a bottom width of 12 ft and

]1i:lV side slopes. No field permeability tests were taken during the

subsurface investiqation, however, the permeability rates for the foundation

soils were estinated to range frcm 0.01 to 10 ft/day depending upon the

amount of fines in the materials.

An internal drainage system was also onnstructed beneath the down-

stream slope to collect any seepage passing through the dam. Tlhe seepage

drain consists of a 4 ft minjrmxn width trench of variable depth. It is 171 ft

in lenoth and includes 164 ft of perforated and 20 ft of non-perforated

bitumunous coated corrugated metal pipe. The (CMP is enclosed in an

envelope of graded filter material. Details for the "as built" seepag(:

drain are included on Plate 4 of Appendix I.

The principal spillway was designed as a drop inlet structure

consisting of a reinforced concrete riser, a 24 inch conduit and plunge

pool at the outlet end of the conduit. The emergency spillway (EMS) is

designed as an earth cut at the left abutment. The principal spillway

was designed to acommodate a 50 year flood without the pool elevation

exceeding the EMS crest.

-10-
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The emergency spillway is located in a moderately sloping hillside

in the right abutment. The spillway is a 100 ft wide trapezoidal earthen

channel bounded by 3H:IV cut slopes. The spillway is entirely in cut

materials, i.e., residual soils. The emergency spillway was to be undercut

1 ft below final grade and backfilled with"seni-cczpacted"select borrow

material. All materials encountered in the subsurface investigation were

dry and well drained. Details of the spillway section are given on Plate 2

of Appendix I.

The design report and supplementary data provided by SCS (Appendix V)

includes laboratory test data describing the physical properties of the

materials used to construct the embankment. Shear strength parameters

used in design of the embankment, and foundation material were determined

by direct shear and consolidated undrained triaxial ccmpression test as

follows:

SBCTION SOIL SHEAR STRENGTHf PARAMETERS
Angle of

Internal Friction Cohesion

aTbankment Sr. Ocu = 200 c = 500 psf

ML or n cu 25.50  c = 475 psf

L cu = 2 20  c = 475 psf

Foundation SW OT = 190 c = 800 psf

SM* ODS = 25.50  c = i00 psf

* Samples from Site 5. SCS assumes parameters are sane as those at
Lea therwod Creek No. 4 Dam site.

Embankent stability was checked by the Swedish Circle Methxd Analysis.

The following is a summary of the stability analysis presented in Appendix V:

-1i- ___



The analysis considered a 39.2 foot embankment. An arc through an

upstream 2.5:1 slope like Sample 64W423 (ML) gave 1.43 as the safety factor

against failure after rapid full drawown. This analysis assumes that the

foundation will consolidate rapidly and mobilize adequate strength to

limit the potential of failure to the embankment only.

Since it was not certain that the foundation materials can drain

rapidly enough to validate the above assumption, an additional arc through

a 2.5:1 upstream slope like Sample 64W423 and 6 feet of foundation material

replaced by material like Sample 64W423 was analyzed. A safety factor

of 1.31 was determined.

Past experience has shown a 2.5:1 downstream slope without drainage

to give safety factors that are higher than those determined for a 2.5:1

upstream slope under full drawdown. Therefore, the downstream slope was

not analyzed.

2.2 Construction: The construction records were not furnished by

the SCS office in Richnnd, but they are available frcan the SCS office

in Washington, D. C.

2.3 Evaluation: "As built" drawings are representative of the 4

structure. Hydrologic and hydraulic calculations were available for

evaluation. There is sufficient information to evaluate foundation

conditions and emankment stability.

-12-
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SXCTION 3 - VISUAL INSPECTION

3.1 Findings: At the time of inspection, the darn appeared to be

in good condition. Field observations are outlined in Appendix III.

3.1.1 General: An inspection was made on July 1, 1981 and the

weather was cloudy with a temperature of 780F. The pool and tailwater

levels at the time of inspection were 766.5 and 747 mnsl, respectively,

which corresponds to normal pool and tailwater elevations. Ground

conditions were dry at the tine of the inspection. Maintenance inspections

are Ferformed jointly by SCS and the Blue Ridge Soil and Water Conseri-tion

District on an annual basis. Inspection reports are available in the

Soil and Water Conservation District Office in Collinsville, Virginia.

3.1.2 Dam and Spillway: The embankment slopes were heavily vegetated

with 3 to 5 ft + high brush, briers, and honeysuckle making observation

difficult. Scattered cut cedars and pines generally less than two inches

in diameter have been cut and left on the enbankirent slopes.

Scattered shtinkage cracks were noted along the eniankment crest.

Some were up to one inch wide, but no differential movement was noted.
An erosional notch several ft wide and several ft deep was encountered along

the lower 10 ft of the left downstream abutment-slope contact. This notch

becomes 3 to 4 ft deep at the downstream toe. Another erosional notch~i
several ft wide and several ft deep occurs along the right downstream

toe at the right abutment contact.

-13-
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The downstream toe was dry and no seepage was observed. Iron staining

and a saturated area occur 7 ft + upstream of the discharge outlet and 6

inches to the right of the pipe cradle. "As built" drawings show the

presence of two 6 inch anp seepage drain outlets, however, neither one

was observed.

The riser structure and outlet pipe showed no signs of

deterioration and were functioning properly at the time of inspec-

tion. Debris was not present in the low level intake trash rack. The

slide gate has not been operated since it was installed, according

to the owner. The plunge pool and outlet channel indicated no signs

of deterioration. The emergency spillway was well vegetated and the

width measured 20 ft wider than shc....- on the "as built" plans.

3.1.3 Reservoir Area: The reservoir area was free of debris and

the perimeter was wooded. The reservoir is located in a valley with

steep side slopes. Water was nurky and sedimentation

was observed in the upper end. The owner indicated that a 2-3 ft

buildup of sedirunt haa occurred since construction of the dam.

3.1.4 LDonstream Area: The downstream channel consists of a

"U it wide channel located in a 100 ft wide flood plain, and a valley

with steep side slopes. This valley is heavily wooded with

thick underbrush. Approximately 2 miles downstream there is a

dwelling about 15 ft above the stream channel, and 5 miles downstream

there are several dwellings about 10 ft above the stream channel, and

several commercial facilities about 15 ft above the stream channel.

-14-
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3.1.5 Instrumentation: No instrumentation (monuments, observa-

tion wells, piezcmeters, etc) was encountered for the structure.

There is no staff gage.

3.2 Evaluation:

3.2.1 Dam and Spillway: Overall, the dam was in good condition

at the time of the inspection. An annual inspection and maintenance program

exists for tnis structure, however, at the time of this inspection,

maintenance appeared to be inadequate. The embankment, including its

crest and slopes should be mowe at least once a year, but more preferably

twice a year. The presence of trees on the erbankment, particularly any at

pool level on the upstream slope, may promote the developent of deep rooted

vegetation and this type growth can encourage piping within an erbankrnt.

All trees qrowing on the embankment should be cut to the ground during

maintenance operations. Cut trees should be removed from the embankment.

The shrinkage cracks observed on the enbankment crest are believed

to be the result of local drought conditions and require no special

attention. The eroded areas described along the right and left downstream

abutment-slope contacts should be stabilized to prevent further erosion.

This might be accolished by backfilling, ccmxpacting and seeding these

areas or by placing riprap.

The area observed above the discharge outlet is believed to be caused

by blockage of the seepage drain outlets. The outlets should be uncovered

to allow free flow. Although the saturated iron-stained area does not

appear to present a hindrance to the normal functioning of the dam, it is

reciummended that this area be monitored quarterly to detect any significant

~-15-
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enlargement of the area or development of flc rates which may cause piping

in the ad:arnt. If enlargement or increased flows should occur, a

Professional Engineer with expertise in Geotechnical Engineering should

be oontacted to evaluate the problem and make recommendations for required

corrective measures.

The outlet pipe and intake structure are in good structural

condition. A staff gage should be installed to monitor water levels.

3.2.2 Downstream Area: A breach in the Leatherwood Creek No. 4

Dam during extreme flooding would possibly create a hazard to the

downstream dwellings.

-16-
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SE--ION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: The normal storage pool is elevation 766.5 lsi

or 0.3 ft above the crest of the principal spillway low flow inlet.

Thx, lake provides an irrigation supply, flood control and recreation.

Water automatically passes through the principal spillway as the water

level in the reservoir rises above the low level orifice. Wter will

also pass autcmatically through the riser overflow crest when the

water level in the reservoir exceeds elevation 775.6 ml, and

autcatically through the emergency spillway when the pool level

exceeds elevation 784.8 msl. A 24 inch diameter slide gate at the low

point in the riser structure is provided to drawdown the reservoir

below noaz7a] poc.

4.2 maintenance of Darn and Appurtenances: Maintenance is th

responsibilitv of the owner and the Blue Ridqe Soil and Water Conservation

District. Maintenance is accomplished by a point annual inspection by

SCS and Soil and Water Conservation District personnel. Maintenanc(,

deficiences are noted and reccmended remedial measures art nmkue to

the own, r. If tne owner fails to comply with these recommendations,

maintenance is then performed by the Blue Ridge Soil and Water Conservation

District.

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

or evacuation plan for the dam. The dam is monitored by SCS personnel

during periods of heavy precipitation and runoff.
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4.4 laluation: The dam and appurtenances are in good operating

condition, but maintenance of the dam appeared to be inadequate. An

emergency operation and warning plan should be developed. It is recxmmnded

that a formal emergency procedure be prepared and furnished to all

operating personnel. This should include:

a. How to operate the dam during an emergency.

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

from the downstream area is necessary.
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SLI'ION 5 - 11YDRAULICS/!{1)ROLlX;lC DATA

5.1 Dresign: IeatherNwood Creek No. 4 Dam was designed by the Soil

Conservation Service (SCS) as a multi-purpose dam, and hydrologic and

hydraulic data is available. Stage-storage and stage-discharge data

from the design report w-re used in the evaluation. This structure is

a Class "A" dam according to the SCS classification method.

5.2 Hydrologic Records: There are no records available.

5.3 Flood Experience: According to Mr. Barrow, an

estimated maximum pool elevation of 782 msl occurred in Aril 1977.

This corresponas to a peak flow of approximately 65 CF.

5.4 Filoo Potentials: In accordance with the establishd guide-

lines, the Spillwav Design Flood (SDF) is based on the estimatec

"Probable Maximm Flood" for the recion (flcxxl aischar-es that may bt

exp~cted frorn the most severe combination of critical meteorologic anc

hydroloic conditions that are reasonably possible in tre reqion), c_

-ractions thereof. The Probable Maximm Floou (P11F) and PM' haroaraphs

were developd by th, 1112(-I DB Conputer Prouram (Reference 4, Apeendix %'I

Precipitation anounts for the flood hyarograph ot the P!W' were taxet.

frci, the U.S. Weather Bureau Inforration (Reterences 5 and 6, Appendix VI).

Appropriate aa]ustments for basin size and shape were accounted tor.

These hycirographs were routed through the reservoir to deternn

maxnim pool elevations.
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!I"() I t14,iat 1(n:: Lor routinq purproses, the Pool at

ttK tiA illrlc , ,(X wi-k isiz:lcd to 1b' at (.lovation t66.5 msl.

ies,,' v( i, ta(qt-:tt i1Ag:. dat anc stage-discharge data were utilized

tru-,trt (,..:iSt i..jg sIrin repo rt . 'lxs were routed through the

It, Ae> ,: L1ii thc pr mcqipl spaiway discharge up to a pool storage

Clu;u ( I 784.8 m-1 and a cczrLiried principal and errergency

ic d, z ofuz paci c~lvations aJroc 74.8 msl. Pool elevations above

7 7.5 . wr(, routed over the non-overflow section of the dam.

6. Overtopping Potential: The predicted rise of the reservoir

,i:. utiui pertinent data were determined by routing the flood

h,'drr,:, through the reservoir as previously described. The

: ;u>t <:~ t!. :icxx condition. (1F P.I - and Pml) are shown in the

-- 20
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TABLE 5.1 - RESERVOIR PERFORMANCE

Hydrograph £

Normal
Flow PMF PM4F

Peak Flow, CFS
Inflow 2 4930 9860
Outflow 2 4853 9860

Maximum Pool Elevation
Ft, msl 766.5 790.2 791.8

Non-Overflow Section
(Elev 788.5 msl)
Depth of Flow, Ft - 1.7 3.3
Duration, Hours - 3.5 5.5
Velocity, fps * 5.6 7.8

Tailwater Elevation
Ft, m s 747 755.5 759

*Critical velocity

5.7 Reservoir Erptying Potential: A 24 inch diametei slide gate

at centerline elevation 758.1 riisl is capable of draining the reservoir

through the outlet pipe. Assuming that the lake is at normal pxl

elevation (766.5 msl) theru is 2 cis inflow, it would takc

approximately 1 (ay to lower the reservoir to elevation 752.1 nisl.

This is equivalent to an approximate drawdown rate of 14.4 ft/day

basea on the hydraulic height mea sured from normal pool to the invert

of the drawdown pipe divided by the time to dewater the reservoir.

-21-
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5.8 Evaluation: The U. S. Army, Corps of Engineers' guidelines

indicate the appropriate Spillway Design Flood (SDF) for an

intermediate size, significant hazard darn is the PMF to PF.

Because of the risk involved, the PMF has been selected as the SDF.

The spillway will pass 20 percent of the PMF without overtopping the

crest of the dam (40 percent of the SDF). During the SDF, the darn

V will be overtopped for 3.5 hours up toamaxinmu of 1.7 feet and reach

a raximn velocity of 5.6 fps.

Hydrologic data used in the evaluation pertains to present day

conditions with no consideration given to future development.

-22-
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SErION 6 - DAM STABILITY

6.1 Foundation and Abutments: The dam is located along the

western edge of the Piedmont Physiographic Province of Virginia. The

original design report described the site as being underlain by the

Leatherwood Granite; however, recent detailed mapping indicates the site

is actually underlain by the Rich Acres Formation of Precambrian Age

(1020 million years old). The Rich Acres Formation consists of coarse

grained norites, metamorphosed gabbros and diorites. These rocks are

similar in texture to granites, but are comprised of mre basic or darker

colored minerals. Detailed geologic maps of the area do not indicate the

presence of any faults in the site vicinity. Site geology is presented

in more detail in the Design Geologic Report, which is included as

Appendix IV.

The subsurface investigation indicated that along centerline of the

dam the site was underlain by shallo alluvial and residual soils ovcL

weathered bedrock. A 2.5 to 3.5 ft thick layer of alluvial clay and

sand occur in the floodplain beneath the dam at a depth of approximately

3 ft. This layer is of low strength as indicated by pocket penetrcmter

readings ranging from 0.3 to 0.5 tsf. The bedrock surface was somwhat

irregular. Bedrock underlies the right abutment at a uniform depth of

10 ft, extending to the right side of the stream channel. Bedrock was

encountered in the left abutment from about 3 to 6 ft below the surface.
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Above the bedrock is a layer of tightly cemented boulders from 1 to 3 ft

below the ground surface. A thin dike crosses the centerline at right

angles between stations 1+60 and 2+12. Along the stream,rock outcrops

at the surface.

In a discussion of foundation materials, the SCS soil mechanics

laboratory believed that the residual soils underlying the site were only

moderately compressible and the more highly compressible alluvial soils

would not cause any problem because they were relatively thin. SCS

assumed less than 0.75 ft of consolidation would occur within foundation soils

and much of this would occur during construction due to the free-draining

nature of the majority of the soils.

The potential for seepage through the foundation was recognized,

and a cutoff was included in the design. Moderate permeabilities ranging

from 0.01 to 10 ft/day were anticipated for the foundation soils and the

desiqner expected some seepage through the weathered bedrock. Consequently

foundation drainage to a depth of about 6 to 7 ft was recommended below

the design normal pool elevation (766.2 msl).

6.2 Embankment:

6.2.1 Materials: "As built" drawings describe the dam as a zoned

structure. Section No. 1 of the dam, consisting of the cutoff and upstream

section, was constructed with soils classifying as ML and CL. Section No.

2 (the downstream section) was constructed with ML and SM materials. All

specified materials were excavated from select borrow areas. Fill materials

in both sections were to be compacted to 95% of maximum dry density in

accordance with ASTM Standard D-698 (Standard Proctor). Compacted

-24-
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densities and shear strength values for the embankment materials are

summarized on page 4 of Appendix V. Specifications for maxiumn lift

thickness and maxir=m rock sizes were not observed in the design data

provided.

The SCS soil mechanics laboratory estimated that the embankment fill

was expected to settle approximately 2% of its height or 0.7 ft + between

stations 1+00 and 2+00 due to consolidation of embankment materials after

construction. It was recommended that 1 ft of overfill be placed between

centerline stations 1+00 and 2+00 to compensate for residual consolidation

of the fill and foundation materials.

6.2.2 Subdrains and Seepage: In attempt to control seepage, a

cutoff was constructed into bedrock below the more permeable alluvial soils

in the floodplain and extending into the abutments. Details are shown on

Plate 3 of Appendix I. An internal drainage system was also constructed,

consisting of a drainage trench beneath the downstream portion of the

embankment to collect any seepage which may occur. Drainage pipes were

provided for transmitting the collected water to the plunge pool. Details

are provided on Plate 4 of Appendix I. During the field inspection, it

could not be determined if the drains were functioning properly because

their outlets could not be located. They are believed to be covered with

riprap. In attempt to prevent piping around the principal spillway pipe,

7 anti-seep collars were included as shown on Plate 5 of Appendix I.

6.2.3 Stability: A stability analysis was performed for the

upstream slope of this structure and the report describing the engineering

-25-
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design data used is included in Appendix V. These data were reviewed

along with the stability analysis and were found to be acceptable. The

minimum factor of safety calculated for the upstream slope for the full

drawdown condition is 1.31 as given in Appendix V. Reference 1, Appendix

VI, recoumends a factor of safety of 1.2. A stability analysis was not

performed for the downstream slope. The design report (Appendix V) states,

"Past experience has shown a 2 :1 downstream slope without drainage to

give safety factors that are higher than those determined for a 2 :1

upstream slope under full drawdown. Therefore, the downstream slope

was not analyzed."

The dam is 41.5 ft high and has a crest width of 14 ft. The upstream

slope is 2.5H:lV with a 10 ft wide berm at pool level between elevations

766.7 and 767.7 msl. The upstream slope then continues at a 3H:lV slope

below normal pool. The downstream slope is 2.5H:lV. The dam is subjected

to a sudden drawdown since the lake level can be drawn down at a rate of

14.4 ft/day. This exceeds the critical rate of 0.5 ft per day for earth

dams. According to the guidelines presented in the Design of Small Dams,

U. S. Department of the Interior, Bureau of Reclamation for small

homogeneous dans, with stable foundation, subjected to a drawdown and

with an enbankmnt of SM to PM materials, the recomrended downstream slopes

range from 2H:lV to 2.5H:lV. (A hcxogeneous dam was considered for this

evaluation because there is no core.) The reo rnuended crest width is 18 ft.

Based upon these general guidelines, the downstream slope is adequate,

however, the embankment crest is 4 ft narrower than recommended.

-26-
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6.2.4 Seismic Stability: The dam is located in Seismic Zone 2.

Therefore, according to the Reconmended Guidelines for Safety Inspection

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

static stability conditions are satisfactory and conventional safety margins

exist.

6.3 Evaluation: Based upon the visual inspection and the design

report, the foundation is considered sound. The factor of safety for the

upstream slope during the drawdown condition meets the U. S. Arry, Corps

of Engineers guidelines. Although a stability analysis was not perfonred

for the downstream slope, the "as built" slope meets the requirements

recormended by the U. S. Bureau of Reclamation. Overtopping is not

considered detrimental to the dam with respect to erosion because of the

shallow depth and short duration of flood. Also the critical velocity

is slightly less than 6 fps, the assumed effective eroding velocity for a

vecetated earth embankment. The embankment crest is 4 ft narrower than

recommeaned by the U. S. Bureau of Reclamation, however, based upon the

performance history, of the structure and the low overtopping velocity,

the narrow width is not considered a problem.

Since no undue settlement, cracking or sloughing was noted at the

time of inspection, it appears that the embankment is adequate for maximum

control storage with water at elevation 766.5 msl.

-27-
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SaTIrON 7 - ASSBSSPSf/Wr/RL1IAL ?ME.ASURES

7.1 Dam Assessment: Sufficient engineering data is available for

assessing the dam. The visual inspection revealed no findings that proved

the darn to be unsound. There is an annual inspection and maintenance

program for this structure, but there is no emergency operation and

warning plan. Overall, the darn was in good condition at the time of

inspection. U. S. Army, Corps of Engineers guidelines indicate the

appropriate Spillway Design Flood (SDF) for this dam is the PMF. The

spillway will pass 20 percent of the PMF (40 percent of the SDF) without

overtopping the crest of the dam. During the SDF the dam will be overtopped

for a period of 3.5 hours up to a maximum of 1.7 feet and reach a maximum

velocity of 5.6 fps. Flows overtopping the dam at a maximum velocity of

5.6 fps during the SDF are not considered detrimental to the embankment

with respect to erosion. The spillway is judged inadequate, but not

seriously inadequate. Field measurements indicatethe embankment crest is

4 ft narrower than shown on the "as built" drawings. Review of available

stability data inr:lcates the structure is stable as desicmed.

7.2 Rucrnunud qImdial Measures:

7.2.1 Li urgency Operation and Warning Plan: It is reccurrrended

that a formal emrgncy prcxedure be prepared, prCminently displayed,

and turnished to all operating personnel. This should include:

1) How to operate the dam during an emrergency.

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

fron the downstream area is necessary.
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7.3 Required Maintenance: The inspection revealed the following

maintenance items that should be scheduled by the owner during a regular

maintenance period within the next 12 months.

a) The grass and weeds on the dam embankment and in the

energency spillways should be cut at least once a year and

preferably twice a year. Maintenance is recommended in the

early summer and fall.

b) Existing trees on the dam should be cut to the ground. Cut

trees should be removed from the embankment.

c) The eroded areas present along the left and right downstream

abutment-slope contacts should be stabilized to prevent

further erosion. Riprap or backfilling, ccripaction and seeding

are reccmmended in these areas.

d) The seepage drain outlets should be uncovered to allow free flow.

e) The saturated area present above the dischiarge outlet should

be monitored quarterly to detect any significant enlargecnt of

the area or developint of flow rates which may cause piping

within the embankment. If increased enlargement or flows

should occur, a Professional Engineer with expertise in

Geotechnical Engineering should be contacted to evaluate

the problem and make recmnendations for required corrective

measures.

f) A staff gage should be installed to monitor water levels.

-29-
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Photograph No. 1 Upstream Slopc

Photograph No. 2 - [xmtrearn Slope



Photograph No. 3 -Intacke Structure
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Photograpn No. 5 - Errency Spillway
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A. WiJt. 10 Ft.
* . Side - loj : _____: _

I]. crin ', of le,'il section ______.

'~~~~ ,it C) r,f . < } t

.. ..... :

7. :
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( DElAILED GEOLOGIC INVES1IGATION OF DAM SITES

GE NEPAL

West Fork fun ,lssP Ob nut 4 ~, ~ ~ -a

I~~'*.~ ~ I** C O~St . ~.~mT cdCase 76C, bac)bhoe ~JuneI 3
T . 'c I ocZs t t Q pmi, bate

SITE DATA

124i.9 e$ 1,) j,u, .5 Er th f i $I ~ ps F iccd Prevent ion

tun,'-m c~..- 32, 194 .cub ic ad

STORAGE ALLOCATION

-p. ac 17 S,Oa-p A-ea miles Deop1i &I Damn (feati

.3b7 6.5 3-.

(SURFAACE GEOL(&C,. ANEL PhYSIQ SRAFHY

;e *: P~: edDcrt prcvince ro 1 ;no All tu~ 01 tea nc Strike none

3! 2 ~ A a*.- at Centcrirnc of d 2b .

~~c~~~a~ 1-* ~. r~' t e I urar lain _gT~Lette~oZranite formation. Tbe age

c t ris f crrte i ir, is rprocca-i, nI oz ciIc . I 't i 5 Iocaitv the Lcpathervrooo formation

has tnree roc. ttypes p ree nrt Cin t i 5 a s er i t own r) ras the s =me mineral co~pos ation

4s 9 6rerite w ,th tr~ except ior, ct qu'r t z. 1hp lOt8I l i%,Qccntains white orthocal*U__

feldspar arc Ljaco tOKA it. riKC. :n nncth-r rccoK type tne olot its content has Increased

tc tre poipt trot !ri rc,-ck rOa* 0 ie!sir trirturve 1hl* is coileo op-grthgns to

st'Qw tral it i5 stil or, ione(v: rQ. Trhe cc~rtet Qt 4QOt-r can~9A A ~ t.

it gives tni:5 r9CK a pia(, 4oCQr. ficwro tre nortrwest tte, 5yani-t-teu1ags diiJ.tsL.

or worizonite. kiere tfio felospar tefnds to be plagioclase instetao of ortrioclass. As ___

these 'r r.je facies of the Leotherworcd formcotion hevet re spne strengqthstheir varojs.

I cw- at i s do not influence th~e fn~rd0ai On conditions of the dam.- But-th. diorito

weeth er;? tt. a L IQ)I 5QI I . and Mte 5y an ite Ana bigldIl gne 121 woft1ehrA C2QLL-aSlI. .

A 1 5o jre--ant uncer the recini 3tream aIun1juf is An-Axphbba~i-te--dA 4h I

IkrQ-c has rigrntitnde a it3 majcr uiriral wit1h airlnorEA&QLD!5OiOCa~tji8
~dsipor, . he rocI is black~ on' hgS no grtignn e

ij 4.~t jf ti r~naino



(i ens ,I. o'a~r mo r d i9I f ran t- r t LLt- irI'tI tr Mt

9S r 1Ourids I t. Hoiw9.,r, it i 5. unt 6rd j a, t' e 'e n i i I ~ t

i f L we M If LL'' Kc)d L r e I- tI. Pr jL~ u Ie rdr~f r iA I ? I \at..,

d31m S -t -. ~a I Itira r .u tCtrOpS 0 f D i t t- S, e frt Arda am p (I ite are

rresen-i ,rn t e 5t r a. crrre non n trfie 'I c1e,'r,n at --A Te ,Troa, f I jw in

5 h a Iow V)ar.r K t Ina *,Iorr firu'OM 2 to 0 .3 t, I elew t-.0 loa .i 1 5ei ~h
5tream is d.~9r 5d I .. ir-Ie-, otf f I-, r IT emn d-r 5s, ~re p r r .tfa
an J it5 t r i .t a r Ie fI--* i n ek str_-n;. -n T r ell 'Oi l eri, I t pattern.

firri.er per03I. 8.ia t In. 'no topcgirmpt~ tr r-ach-) early pvrftjri1,.

rer.rjc' jnfl,.t I e-, -. e r I jit abu t ien t a a jr; fu d90v clo f I: i .t s

cupt I to pjr. a~ fIso hC, Ijs wrI ts;rrr to q rt r Le,,r crrnwj n If, S Sr i sd,-

t Ie left? a!,-trren t t 1t , r- (jrct DC 5 11, t* l ',ur # 8C . rt rfli;or t r uM

Zt t c, feet ( f t' e sl r face. A Lo..e t r uo7ro'_ i , A I _- ye,- cf t I ( ' t I 'vc rment ea

sy en:t d r~_I ~j -s tt~at ra-ye fromir 1 to0 feet bobI a* t'10 qrC)U'd Sir taco. Trih

oevr i ;r t ard C Pn te peritrcdte IOr Wi ith di IFf iC , fv *tlO tti baCknoO.

a. ir' P. e C, arPiiK I tec ros -s tL'e 0 n c e er I Inoa* r I:t enIoS. I t

c, curs 4 r: ~t in I f2 o s t Pton 2 12. -p Sf t a Dt~t an t is underlIa in

LIDCh r, rI to rvii s-,,eri"t e. t-.r n i An- tment i und.r 1-51r) vv gray

s r i t a.(I r P r -jort S ea k er'tS r, I . dn-n C on T or I I o are *xtreiu'1 1 CoMplex as

La je o t If rPIlie r, . _) I~ne eil troti arp Ctarat, terioo Ly recent

rp : S ~row, e 5 T _-Crr tc e seet. n..lI(-'o t ht ; Si

SI-rCf I-i' I ~ :.. ie ts is a Iev,-r cf eitheor yellow

rvi *cr r a, s f,. A 'r er IA.-r c,4 S 1' tI. woatt arej ar;nID(_)l itp or a

t~ ,t' r.S eu t5, f- *o.t-e btr v tir - is reactedoc. A typical

~ur 1 .3 1 j~~ ~rs e ttre J,-), I,-nt f' ifno t~elwe l ,tat ion I 60GI tc

t I

7te tC,,r -,Al .r. C i a :-IS -i Ii It I, JIr r .. r r oc, n a. Al ng t he s treaml

roc 1 Lu t r- r a , e ~r-'t i 't et1 f rom the pr~josoed r iser Ilocat ion

r ir r W 13 ,a U~ ur t er e( to C3 dp t Ct r, 1 11et . Tthe f lood p Ia in und, r tht*

daeo corita ,15 r ra~ ,C Is -j r lee: n br. I t h a!t1, VV l Cw cK e t D nnet r o r9t 9r

r eadn,9 t-' ra .. fr. n . . to . 1 t Dr, p~dr squte fo~t. 7,,,t5 layer is the,
reamains c aI &, uji 1 waip or.. ,trpa- t , rolI It occ.r', approximatelyv 3 feet

U*elow ,ronI:, j~r # acv. I*r a!, ;*-I n fru~~~ tr r 2,S to 3,&:'test. This

I a, -r i , trj- Jr edJ *bj' vb a 0. er gj 'I Et I i v r t riat t m,. r i jr, r pocket pone-

I rC'-n.t er ris em.!,. I? 'Is "r. t'-r la Ir ~.a ravoi layer arid a hard weathered

1l v Pr t a * ~I ra r , r c ,. f 1 0 r e f -t'tr r e e .:n gs . This gray reduced

m I I I, I, ur %f t I e ba ve r I,,. r % mus t ct tre upstreamr toe of the damn. Down -

s t r a it orfirr oniy ir. sr-allI area in tr'e flocj plalin cn the richt sideii of

AroLiK lodge dripping oft 5 feet waS found on tMe richt abutment at the toe

dr aIn. Anct'.i' rock Ieq. & i,"o fuorcd on tIfoe af t abotm~ent at the dae center-
in*. This image drops off 3 feet. V 8



I) ts~ w- r- a.( -,, tr#4 ro: *sfj I -cc.-t c-iteri. I rm
f!' ~:uitec r'* ~r inob of t. am in al

~ ~ ~r cc~rat 7 e ~ ri. a~ An o'ltc rc: of blctltm
-7-' :ef~ of s.: a . Ln t'. pijc cont-rlnt-.

L -4rr. "ror t~i #4, Fr n f P- 1 4 n t n~ - i -j i t. c rb r i Y) n o h ar
- aino ri,- ~n '9 t '-* !,1 .~ .Iit f~r !--,T. r a r t

.d, ~n -r-%. i is rr t/ r a is atr ~ ae from ~ a~~'~t
r - F 'qs A t st 'tlonr r~ 1 , fact b,- I rew tre rn1 s'irface.

i t .s -ft U-1, t.-. rro':,.nl surfa..

r~Pr~w'a

Tk-t pi7 i ~n t l -r-. ~ wa now-" two rccr: s:irq t-o te present.
7!:k- !;r,'*r cf or~ -i . s t,.- ri,:t s~ " of r-urtrcl iecticn to 25 feet
le.ft c' tl, -!rerk7,%-n'" 1wv ~i' in#-. i it, Parsos bc-0ow vrade.

h0%~ sna:.-r P- ne aio tw-.r rt;ti-n 2-90 an- 3+3-1 on the spillway
cer2,er. .nco a* r" wA~; to tr.:s n * c b-rn trim emergency 9T.illway

o gra 4 A 1 ~ f, ol re a o a~ '~ xbic yards of rock excavation.

nP !t, ;rpF^.t ,n the Ever-,&ncy s-t~a i (FCci. soil . 't has a high
'. n.-nt in tl. ... cron. r.p horizon is riiracecus andJ cntains

aw c are ~r- is n to rr ow iir ea . t-e 1 oyj Sci1 occurs C'.Osest
to, c, or. sn utream 5 oP tno ri nt soutnment. It, is a

W~r !-~e re: ;y P ri. :~. . T:1- ror;4.on is, however,
F o -~r r- n*crrew area !e.P ' u::;R'ream fro,7.

: :a7. 5j.". a.!icer rl .:~c- ar, Lc~Scm. It is of a
-~2r rcv s. c >r a:, n mr r..aM'. an n area -t h2!z a lower

.. t* ler t' C~Vd S~o .

V VA L 9- G
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I I

SOIL A-Il[ FOUNUL( I ION iV I tfl, IN':

Location llcnry .County, Virginia Owner

WOLerY;,ec l.catherwood Creek Sub-woter hed Wst Fei k S't. 4

S.notmitted by Mack, T. D "eU '  t 63

Sent by- Truck Government q,'L. No.
(cO rier )

Field jc e [i.-cript ion of
Sompemple~r~to

Lo~b. Sample" 5 ,.~h ; ~ c~l

No. No Lr:n on Grid or St";tion ' r Und* I Disi

I- -RGE' _ ..

103.1 Borrow Area 137'4E A 815 1.0 2°4 x

103.2 Ditto _2°4 . _O x

103,3 ; .... 7o1 9r8 x

213,1 E SpilwIvay -(0+83) C/L Dam 1,0 3.0 x

. . 213.2 J Ditto 3,0__ 5,0 x

201.1 ; 12' R. C/L Dam .62 1.o0 x
' ~~ -(1+50)

C C/ Dar 2+.... 2-.0 4).0

•Ditto 5' ILI -

1. 1- Ci- Dam 1+60 0 10 - _ . .

51 C/L Dam 1+5() 0 _ 3.5_ x

Ditto 5 5 _ x

'124 " 1 7l5_ 8.5 _4 _

1715,1 )F _ndiatiQnAreq 140' R ,u. Pipe_ _ x

_2 -- Ditto- _ Di o - --- - -

__716.1 ___ "10' L.C/L Pipe 1.0 2. Xj.. -(4+05 ) . .. _

. . . ...- .~' , .. .. . - *VA-484 C
,6 i' i , c. to Soils L6borotor'j .* .

- Copy tof and WP Jnif .: .

'-- ' sttlbule other. i cope s directed'by State ,Conservotionist S h e e t o . S e'ts

o- ' - A - 0' A:.. . . .. .



p t t-r mt ore. we- hK 2". 1 7bc(,r M"J. 4n t;.- ent pit

T-,r !3 t.9ercA of trie layer h 6 to bce taknr. tnto
-r*L'1i. ~"t tr I >e iUporii strfv'-.jth. Wina mz~teriaI is W~Jt it has

.,~ ~ -r.~ttnan' w:~r p t is dIry.

..e~ s'i.-'ar-e t ret to t .o test its in th- cor:-elsticn
marts - ;1. e tc, tt. Cemp2.extv cf the all~uvial soils. But these

S A Q. A7-- 7-e 1 A Oe! tC I 'r!ffvr.ent iakersjn Vie cross sections.

* 3. So:'.- tnat w.l: tP :rt-.erl. ir. tl~n '-(--;truction material are classified
* fore'ercr-eain 'tan iar-, ,;eqr4 ticn of th.ese soils azre' included.

r. -. 4.t O:laLrfrai ~ sa'rnt rdL

rock. 7,.~ :.b f!,r V -a ca~.n nt~o a!ily underetandable tsrma.- ctual.y-:

the "grani16 .a a syenite cr a morl2onite. The nAnie syenite'refers to a rock
C7v'ng crtc'clas Ne' -,Q- an! mica as t~lhe major rinerals. It c onl&inS n

- utait7. .r;~- n -orlt ws-.e n'at stne c~f the foldsrar is plagioclas,;-.:
W~nnn t, e a w e p 7- --i -enm dcminiant, the rock is a diorite.- V

A.-i: :i hp~'r~: rocxc referred to as "dike rock" in t n'
1c'g of ~* ."n,,s ~rr,%n3 that the rock has a high content o f

a~n:~ewnl.:-r in th7is case '.s horniblendie. Plagioclase feldapar- ie pre- -( ~sent In mincr &7,'unts. Trio rock is met.aorphic. - ..--

VA 48h iO
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DETAIL[)D GfOLOGiC INVEc TIGAIION OF DAM 'SITES

,-(.7
i vrgi n Ia -_cut Henri - -- tb~. eaherwoodCreub-ers,d _West Fork ____

'sie number 4_____ $d. group - ., --- netat , T~~l~ iJune 1 06

tsimnsiure a tale)

INTERPRETATIONS AND CONCLUSIONS

kI. founoat mon conditions for the proposed conduit are as adequate as
any. bu t some rock excava t i on w ill have to be meade at station 3 * 25
To avoid this tne pipe can be moved four feet towards the left abutment.
Or it can be angled IC degrees to the right upstream using the centerlin*
of the dam as a pivot pont. This latter alternative wij...ivk. rr

more stable foundation. Test pit -715 shows a stable foundatin at71
f.-iet tcw grund surface.

2. A cutoff trench needs to be instal led. Excavation shoulIc .be madi
one foot into bedrock. In the flood plain area I t Is approximatily --.

VSfe90t below the grodrid surface. J..............................................-r.

3. The design of the dam should take into consideration the.3 fo-hc~. ?
~layer of gray reduced unstable material between oxidized alluvial soll, :,7
and weathered bedrccks. The low pocket penatroimeter readngssboJha t-
tr-i material has low bearing strength. But removal may'not-be prc I " '

- Design of the dam however should be adaptedtc the situation. -

A 'The borrow should be taken from the part of the borrow areaCost .c .5

to the dam. This will1 make use of the deep red ila'yey soils..I tb.,iria
N,.borrow area is to be extended, it should be 'e e hilI n ~ a

The Lloyd soils with a deep 8 horizon et* ed phi ara" anig, 5
borrow material from the flcodplain iS *t 9 be discouraged for h e.*m~ti led -v,
wet to moist soilI is within 3 to 4 feet dfthe ground surface. Borrow.- _1-
material tc~en from the left abutment will'involve transportaticn'*pr". vr

bleems. For this borrow will have to be taken across two creeks and'7 Iow ~'
floodplain.-/r *$

~' 5. A toe drain needs to be inst.tl led to intercept seepage thrjugt
0am. Use can be made of the rock -excavated from, the emergoey~ aIJ~y
and the gravel in the stream~ channel (sarnple,7.16-l "

~ . The low rock ledges occuring where both abutowents join t-he flood~~-
4t

-~. plain should be sloped. Here the more plastic-filil,material U1d ' A
A X. -

placed. This is to account for settling In the,.foundation.

A - -A

j*' Y,

- ,- Vk

**-.4

ez J"
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( lwiiuoranc/wn
TO R . C. 1),:,Stte(m Af'tlf Ti: etne 26,

I. KM :Feuy S. Decker, Heuad, Soil Mechanics Liboratory,

-COS, Lincoln, Nebraska 685 r,8

SI~i1 '~ aWP-08, Lctewo ie ~2seSite. :4oc 4

i repor referreli to a" 1m. f ty teto0-sil eA~

-. i .prgress w:,en% the: reset wx so pi'-Ted. isttC
i.; c * 3e

I- La p,1Zc Cm-f c r art,>L a sr C,: Me ha t Was

V

vt ee]ard proe by:

cc: R. C. Fitr:ies()
LLA2N" Un~it, u;p . A; .)j a.er
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5CC, Lincoln, brka63

1. Fon c' l.C Ttrar Dta, 3 sheets
o.1: SC- 055, S-oar testa, 2 sheets.

D>a F. a-lPrndto Res:istunce R.eport, 6 shoo-ts.

S~~~ 2 c,- F t eril 1 set.
5. F c= E:7-- 5 iS :-y So'e, St. b-il 4 tv fr, -ass 1 sheet

nn C_-72 rcc t "n .nd". Use of a-x.cava telM tril she-et.
7. ~o~F', ns an' Profiles
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C 2 -- R. C. Barnes -- 9/10/63
Rey S. Decker
Subject: Virginia WP-08, Leatherwood Creek Watershed, Site No. 4

under the floodplain and that a large portion of this will be during
construction due to the free-draining nature of a majority of the
soils.

D. Pe.-rabi i t v: On the basis of grain size distributions, the permea-
bility rates of fou ndation soils should be in the order of 0.01 to
10 ft./day, depending on the amount of fines in the materials. Permea-
bility tests on cores from Site 5 substantiate this estimated range.

E . Shear Strenth: Shear tests on two portions of Sample 62W3516 from
Site 5 were considered in evaluating the strength of the foundation.
Sample 62W3516T had a gradation similar to that of 64W415 and that
of Sample 64W417. A triaxial shear test on Site 5 material gave
shear parameters of 1 = 190 and c = 800 p.s.f. The average test
density was 77.3 p.c.f. (1.24 gm/cc) as compared to an in-place
density of 81.5-81.8 p.c.f. believed representative for Samples
64W415 and 64W417. Sample 62W3516B from Site 5 had a gradation
similar to Sample 64W414. Sample 62W35163 had a test density of 72.0
p.2.f. (1.15 gm/cc); whereas, Sample 64W414 is believed to be repre-
sented by a density of 71.1 p.c.f. The Site 5 sample had shear para-
meters of 25.50 and c = 100 p.s.f. according to results of a
saturated, direct shear test.

The above test results are interpreted as indicating the ability of
the materials to consolidate and mobilize appreciable strength. Mhus,
_t was concluded that the low density soils at the site will be able
to mobilize adequate strengths during construction, if they are able
to consolidate rapidly. Their ability to consolidate rapidly depends
on their permeability.

This is being checked by means of a permeability test on Sample 64W415
remolded to approximately 81.8 p.c.f. Thie results of this test affect
the validity of the assumptions of the stability analysis, and will
be reported in a supplement to this report.

= A=,T MATERIALS

A. Classification: A thousand cubic yards of rock excavation in the
emergency spillway is anticipated.

The borrow materials are Cecil and Lloyd soils which are clayey
in the "B" horizon and micaceous especiall-y i cue "C" horizons.
Samples from the borrow area and emergency spillway are non-plastic



Sheet

3 -- R. C. L~:e -9/10/63

roy S. Dcke~r
subi Virginia 'WP-08, Ieatherwood Creelk Watershed, Site I-.

S'.: a--' IL's and 21'c with hight liouid 1Units and relativrely low
plasticity indices. Their clay activities, the ratios of the

' -ticitv -*audces to the 0.C32 --=. clay contents, arc genera2Jy
low, attesting to their micaccous n~ature. Tile sansles are sanly.

B. C=.7ractei Dry Dnsty Standard compaction tests were nerforz'od on
t-hc six borrow samples sif=aitted to the laboCratory. MxnaSaor

densis ies rangre from 108.0 p.c.f. for the E-'s to 87.0 P.c.f. for 2..

Each of the sales was also compcacted usi-ng Standard effort and
soil containing natural moist ure retained when the smm'sple was
rccei'ved. Two of the san,-pies had moisture contents well below
ci 'I-s Thrce of these test.s gave densities several D.s. f. below
t-ce normal Staniard: cut-we sat, asove 95 percent of Stansar: r density.

C IGQ,1 404' c-.o th-e e-. h ''nent materials at-sear toC have
7 =---I cla co-.vr s to IL2. -e ra er of trans--i-ssio-*n of water

to lo,. vaue a1 en -ceet densities to lbie recommended.

-or a' of dn t csbe a-n a c '-Tt io n

L S -Iz C, 4 2 ma ranzmit water at

- - a ~ (M~cr~h. Ps

.aa~aa: 2n51  ~ st mastre ontntsanexcess- of 9I.&

a : ac -T I f . tne

47 ~ x e' : se

e ca,'--- c =c475

to cons-oltiatiO G" mnaterials afteocvr 'e



C 4-- x.C. tae -9/10/63

tOpS. Dcker
£b:Virginia Wi'-08, lthr odCreG: W6atershed, Site 31o. 4

S-TTT7 ANAI.: YS TS

The Fc=r SCS-356 proposed an uTastrcan slrore design of 2 1/2:1 over 3-:1
'estsOe swop-fe clizinOr and a 15-foot bern at 776.7. Sin-ceitaere

ta.a2 1/2:1 ucstreaz_ design Col ive an adecuate safety factor and
1< -- tory charts based on such adesign Wore available, a 2 1/2:1

<21 ~ ~ ~ _e stor veasf anlsc 0'C j stability of thepr:sd

Trio cha rts used are baced or- a odfication of the Swedish

C- r-c.eto and give nmeric a 12y ec or--cL o fa ctors as oppos ed to t.e
em -vaiv, aorximtefacz.ors g 'vc-. on the charts in the "FielId

alssceasanered a- 39.2-fooe 1-~ n arc Thr-oumh ana-
2 1/2:1 slople like Snacle( .- ave 1.413 as the safes'; facto3r

oir after ra-4d 7 s analss-sesba
U.L:funai i conrsol* t and moise adecu'ote stre'n.

S -,:az_~c-r iaI s ca,. drain rapidlY

2 -cc- c'zatorial
roma.~~-a- fooac1tor~--~L-

A. Cravgel ee in the foundia-
rasadn- ' ineffect.ive

-. 5t<20 k. Therefore, this
ioLus 7" r-w & 'such deeper than 10 feet

o' the' cuts to about 10 feet
.- Wt' Lr,- 'F appears to be :he ease.

Tne, fro.,_- "' e F ci c ed to 91- percent of StaIndaIrd
b,!s c used as- bacl.:11l.

it i - r-.it is not coti htthe cutoff will be positive in
bIecaus~e of the o typeo bed"rock pre-(sent and the types of

..;rilto be used in constructing- the cuto.ff (Tecutoff Will
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Subj: irgi'ni'a WP-oS, Lia?-erwood Creek Wtershecd, Site IHo. 1

ereits inteunued p'rrs , hwever.) Because of the wcrzi
acinof -,he cuto3ff, fonaindaacto a deathu,- of about 6

to3 7 feet i-s reCom:--,nnci b1.elow th-e :nra 1sol ele:vation (766.2).
Thsdrain can be successflly inrc1rate into a rock- toe dr-1

wn-.cn% wil s erve to prev-ent piin f the ema etsis. I-
is reco:=menaca that this type of arainag- e be installe1,cd if thc
from th e eme rgency spilaay ca-n be de-:ended oni for usce in the d1
7Thi4s will denend on theo mane--r in whooca th-e rock breL<--s dow i--.
excavratoo and itS - durability. The alternative to this is to
a- treno ,n drain with a re-rforated pipe piCku at-n .b

in mat-erials Lie those, available for th-e embanffi-ent it is desirabe
to ex-tent filter material1 entirely around th-e cond-uit. Thqis
recomeneii consi.-derat--ion of thle telnyof localized pa-a"
t'o develop a-long theco..

-- ~~~ -'c SZ Ct~C SOt -~r; c,, 1u- recomnenacad for filter nzra
sf c, - -,sP r ,w1 h

rotc- tn D~ varz fcr a tra nsition-- between zn'e r4l- -

-C- rt-

- .2- -- = L- r

--- U.-"-

',.'z deasiv'-ble to wa- ito i-
ci n- addition, the af4Mz

n Icre' : -7.are concrrcd wit-. ~V 1
LL,7 t.. ur-osem foundaation

L 1,c,-;. --,--" vc!r, -yua vn likely that they arL-
more cLIcta .. L.-ok 'Acie wo:uld tend to ind-uce stress

co~crin hr,2e fccsitn to takze avn
a mcLU re asn - ,rrcz~edd seems quite desirdable.

ft ±etto tic:L c :dt shoui besam of the L-ore pl-hstic
romsa~.~ from te'"hrzncmaedto 93percent ofQ ~ aensoty.
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Rey S. Decker
Subj: Virginia WP-08, Leatherwood Creek Watershed, Site No. 4

D. Lban1.,ent Design: The following are recommended tentatively,
pendirg the outcome of a permeability test on Sample 64W415:

1. Slcpes.

Upstream - 2 1/2:1 or flatter (2 1/2:1 over 3:1 with a
10-foot berm at 776.7 is satisfactory. The flatter slope
may be desirable in view of questionable strength in the
foundation materials.)

Downstream - 2 1/2:1.

2. Placement of Materials. Selective placement of materials to
utilize coarser soils in the dowsztrea: portion of dam and the
more clayey "B" horizon soils in the upstre-m portion. This may
possibly be accomplished by zoning borrow according to depth.
Compaction of soils to 95 percent of Sta.ndard density (B-2
specifications); placement moisture contents within the ranges
indicated on the Form SCS-372 .

C 3. C 'crf'il. Provide 1.0 foot of overfill between Stations 1+00
ana 2+00 as allowance for residal consolidation of embank=zent
and foundation materials.

If tne pcze. llia test now it, profrczf indicates that the low denrit,y
soils in the foundation will not be able to drain and mobilize strngth
rapid l-y, it will be necessary to re-analyze the stability of the slopes
and verify a safe desi;gn, or to remove about 6 feet of founlation soils.
An undistarbe sa-mple of the weak materials described in the conclusions
of the geologic report would bu needed for additional analysis if removal
were not deemcd to be a satisfactory measure. It seems doubtful tlat
this will be the case, however.

Prepared by:

Tbomas A. Heard

Attachments Reviewed and Approved by:

cc: R. C. Barnes (5) "
E&WP Unit, Upper Darby, Pa. (2) Roland B. Phillips
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