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PREFACE

This report is prepared under guidance contained in the
Recammerded Guidelines for Safety Inspection of Dams, for Phase I
Investigations. Oopies of these guidelines may be obtained fram
the Office of Chief of Engineers, Washington, D. C. 20314. The

. parpose 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 cordition of the dam is based upon
available data ard visual inspections. Detailed investigation, amd
analyses involving topographic mapping, subsurface investigatiaons,
testing, and detailed camputational evaluations are beyond the scope
of a Phase I Investigation; however, the investigation is intended to
jdentify 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 improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditians which might otherwise be detectable if inspected

j under the nommal operating envirorment of the structure.

It is important to note that the comdition of a dam depends on
mumerous and constantly changing internal and external conditians,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will contimue to represent the
condition of the dam at same point in the future. Only through

t frequent inspections can unsafe corditions 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 Maximmm
Flood" for the region (greatest reasonably possible stonm 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
cordition. The test flood provides a measure of relative spillway
capacity and serves as an aid in determining the need for more detailed
hydrologic and hydraulic studies, considering the size of the dam, its
general cordition and the downstream damage potential.
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PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM
N BRIEF ASSESSMENT OF DAM
! ' Name of Dam: Leatherwood Creek No. 6 Dam
| State: Virginia
| Location: Henry County
% USGS Quad Sheet: Martinsville East
! Coordinates: Lat 36° 41.6' Long 79° 47.8
! Stream: Camp Branch of Leatherwood Creek
‘ Date of Inspection: July 1, 1981

Leatherwood Dam No. 6 is a hompgeneous earthfill structure about

:‘; 00 ft long and 31.9 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:1V side
slopes. The structure is classified small in size and is assigned a
significant hazard classification. The dam is located on Camp Branch
of Leatherwood Creek approximately 2.4 miles east of Martinsville,

Virginia. The dam is used for irrigation, flood control and '

recreational purposes, and is owned and maintained by Camp Branch
Plantation, Inc.

Based on criteria established by the Department of the Army,

et B alody § $¢ ¥

Office of the Chief of Engineers (OCE), the appropriate Spillway
Design Flood (SDF) is the & PMF. The spillways will pass 30 percent
of the Prabable Maximum Flood (PMF) or 60 percent of the SDF without

overtopping the dam. During the SDF, the dam will be overtopped
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for a period of 2.0 hours up to a maximum of 1.4 feet and reach a maximum
velocity of 5.1 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 inadecruate.

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, and the downstream slope

under steady seepage conditions were reviewed and fourd to be acceptable.

It is recommended that the owner implement an emergency action plan
measure to warn the downstream dwellings of any dangers which may be
imminent.

The following routine maintenance and observation functions should
be initiated within the next twelve months:

Thegrassandweedsonthedamembanlmentandinﬂueemergency
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.

Bare and rutted areas created by vehicular traffic on the crest of
the dam and in the emergency spillway should be backfilled and reseeded.
Vehicular traffic should be restricted in these areas. Eroded areas present
at pool level on the upstream slope should be monitored quarterly to detect
any significant increase in erosion which may require the installation of
riprap for slope protection. Fishermen should not be allowed to dig up the

embankment and existing disturbed areas should be regraded and seeded.
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)
Foot paths on the embankment should also be reseeded. The eroded area
present below the berm on the downstream slope should be backfilled with
carmpacted soil and reseeded.

Debris should be removed from the trash rack and vegetation should
be removed fram the left seepage drain outlet. A staff gage should be
installed to monitor water levels.

SCHNABEL ENGINEERING ASSOCIATES, P.C./
J. K. TIMMONS & ASSOCIATES, INC.
™~
Submitted by: Approved:
Original signed by:
Original signed by? i
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
Recormended by:
.
Original signed by
G. STARR SEP 2 3 1981
: JACK Date:
Jack G. Starr, P.E.
Chief, Engineering Division
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Leatherwood Dam No. 6 - Lake

Dam

Overview Photographs
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SECTION 1 - PROJECT 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 ir the Cammonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a

Phase I inspection according to the Recammended 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. 6 Dam is a homo-

geneous earthfill structure approximately 500 ft long and 31.9 ft high.* The
crest of the dam is 14 ft wide, and side slopes are approximately 2.5 '
horizontal to 1 vertical (2.5H:1V) on the upstream and downstream

slopes of the dam. A 15 ft wide berm occurs between elevation 711.4
and 712.4 msl on the upstream slope. A 15 ft wide berm also exists between

elevation 710 and 711 msl on the downstream slope. The upstream slope

flattens to 3H:1V below the berm. The crest of the dam is at elevation 727.9

msl. "As built" drawings show the presence of a cutoff trench which extends
into "firm bedrock" and a seepage drain beneath the downstream slope. There

is no slope protection on the upstream face of the dam.

*Hei@t'is measured from the top of the dam to the downstream toe at the
centerline of the stream.
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The principal spillway consists of a reinforced concrete riser
inlet. The riser has an internal opening of 6 ft by 2 ft, ard is
approximately 21 ft high. The riser has a low flow orifice
{2 ft by 1 ft) at an invert elevation of 710.9 msl and two overflow weirs
(6 ft by 1 ft) at elevation 717.5 msl. A 24 inch diameter slide gate in
the riser at an invert elevation of 700 msl is used to drain the lake.
The outlet pipe is a 24 inch diameter reinforced concrete pipe which
outlets at an elevation of 698 msl into a riprap lined plunge pool.

(See Plate 5, Appendix I.)

The emergency spillway (EMS) consists of a vegetated earthen
channel spillway located at the left abutment, having a crest
elevation of 723.9 msl. The EMS has a bottam width of 100 ft at the
control section, 3H:1V side slopes, and is in a cut section. (See
Piates © and 9, Appendix 1)

1.2.2 Location: Leatherwood Dam No. 6 is located on Camp Branch
ot leatherwood Creek, .4 miles east of Martinsville, Virginia. (See
Plate o, Appendax 1)

1...3 Size and Classification: The dam is classified as a

gna.i -lze structure based on 1ts height and maximum lake storage potential
as der e o Reference 1, Appendix V.
1.2.4 Hazara Classification: The dam 1s located in a rural area;
how ver, based gpon the provamity of two commercial facilities located
1.2 mules downstream, the dam i1s assigned a "significant" hazard

classification,. The hazard classification used to categorize a
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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 Camp Branch
Plantation, Inc. of Martinsville, Virginia.

1.2.7 Design ard 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 Company 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 autaomatically discharged downstream. Normal
pool is maintained at elevation 711 msl just above the invert of the low
level orifice in the riser. Flood discharges which cannot be absorbed

by storage and the riser flow through the emergency spillway at pool
elevations above 723.9 msl. The 24 inch diameter gate at elevation 700 msl
is manually operated, and is available to lower the lake elevation belcow
normal pool for maintenance purposes.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 2.1 square miles.

1.3.2 Discharge at Dam Site:

« b
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Principal Spillway Discharge:

Pool Elevation at Crest of Dam (elev 727.9) 67 CFS
Emergency Spillway Discharge:

Pool Elevation at Crest of Dam (elev 727.9) 2123 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
msl Acres Feet Inches Miles
Crest of Dam 727.9 37.6 500 4.5 .6
Emergency Spillway
Crest 723.9 32 364 3.3 .5
Low level Orifice
Crest 710.9 12.2 68 .6 .3
Streambed at Down-
stream Toe of Dam 696 - - - -
_8_
”a“ r :
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SHITION 2 - FNGINFFRING DATA

2.1 Design: The dam was designed and constructed under the
direction of the USDA, Soil Conservation Service (SCS). “As built”
drawings and design data are available in the office of the State
Conservationist, U. S. Soil Conservation Service, Federal Building, Room

1. 9201, 5th and Marshall Streets, Richmond, Virginia 23240.

" A subsurface investigation was oconducted at the site by the SCS

! during the initial design stages. The investigation consisted of

! excavating 71 test pits and drilling 2 hand augers. Subsurface profiles
F and a report of the investigation with foundation recommendations were

“ prepared based upon geoloyic field reconnaissance, test pit and hand auger
| data, and laboratory testing. A copy of the design report is included as
Appendix IV. Test pit and hand auger locations are provided on Plate 2

| ! of Appendix I. Subsurface profiles are shown on Plates 3 and 4 of
Appendix 1, while logs of the materials encountered are included as Plates
7 ¢, 7 and 8 of Appendix I.

The dam 1s a hamogenecus, compacted earthfill embankment. The earthfill
requirements shown on Plate 5 of Appendix I specify that MH, ML and SC
materials be placed in the cutoff trench, center and upstream section of
the dam. Soil classification is by the Unified Soil Classification System,
ASTM D-2487. The non-plastic SM material was to be placed in the down-
stream section as directed by the Engineer. "As built" embankment slopes for

the structure are illustrated on Plate 5 of Appendix I.

———
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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 same materials
in both abutments. The cutoff trench has a bottam width of 12 ft and
1H:1V side slopes. No field permeablility tests were taken during the
subsurface investigation.

An 1nternal drainage system was also constructed beneath the down-
stream slope to oollect any seepage passing through the dam. The seepage
drain consists of a 3 ft minimmm width trench of variable depth. It is
approximately 348 ft in length and includes 320 ft of perforated and 48 ft
of non-perforated bituminous coated corrugated metal pipe. The OMP is
enclosed in an envelope of graded filter material. Details for the "as
built” seepage 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 accommodate a 50 year flood without the pool elevation exceeding the
EMS crest.

The emergency spillway is located in a moderately sloping hillside
in the left abutment. The spillway is a 100 ft wide trapezoidal earthen
and weathered rock channel bounded by 3H:1V cut slopes. The spillway is
entirely in cut materials, i.e., residual soils and weathered rock. The

emergency spillway was to be undercut 1 ft below final grade and backfilled

-10-
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SECTION

Erbankment

e ——

Foundation

drawdown.

campression tests.

SOIL

5 2 & B

in-situ shear strength of g =

materials used to construct the embankment.

the Swedish Circle Method of Analysis.

embankment alone with a fully developed phreatic line.

spillway section are given on Plate 2 of Appendix I.

Strength parameters:are listed below:

with "semi-compacted" select borrow material. All materials encountered in

the subsurface investigation were dry and well-drained. Details of the

The design report and supplementary data provided by SCS (Appendix V)
includes laboratory test data describing the physical properties of the
Shear strength parameters were
assumed for the foundation materials while strength parameters used in de-

- sign of the embankment were determined by consolidated-undrained triaxial

SHEAR STRENGTH PARAMETERS

Angle of
Internal Friction

foy = 28.0°

ﬂc-u = 15-50

foy = 28.5

g =0

of 1.43 was calculated for the lowest strength materials tested.

= 200 psf.

-11-
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c = 200 psf
c = 525 psft
c = 500 psf
c = 200 psf

The stability of the embankment was checked for two conditions using
The first analysis considered the
In this analysis, a
2.5H:1V downstream slope without drainage was used ard a factor of safety

It was

oconcluded that a slightly higher factor of safety would exist for an

upstream slope of 2.5H:1V over 3H:1V with a 10 ft berm under full or rapid

The second analysis considered 6 ft of foundation material with an

Assuming a moist embankment,

SCS stated that the conditions of this analysis represented a situation where

TN ST ) S
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no consolidation of foundation scils would occur during constructiaon.
Using saturated shear strength values fram triaxial tests, a factor of

safety of 1.22 was calculated for the upstream slope (2.5H:1V over 3H:1V)
and 1.07 for the downstream slope (2.5H:1V).

It was stated in the slope stability summary that, "It nust be
~whasized that this analysis is not conclusive since it is based on an

average strength of ¢ = 200 psf derived from pocket penetrameter readings."

2.2 Construction: The oconstruction records were not furnished

by the SCS office in Richmond, but they are available fram the SCS

office in Washington, D. C.

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

structure. Hydrologic and hydraulic calculations were available for

evaluation. There is sufficient information to evaluate foundation

conditions and ambankment stability.

-12~
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SECTION 3 - VISUAL INSPECTION

3.1 Findings: At the time of inspection, the dam 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 85°F. The pool and tailwater
levels at the time of inspection were 711 and 696 msl, respectively,
which corresponds to normal pool and tailwater elevations. Ground
corditions were dry at the time of the inspection. Maintenance inspections are
performed jointly by SCS and the Blue Ridge Soil and Water Conservation
District on an annual basis. Inspection reports are available in the Soil
and Water Conservation District office in Oollinsville, Virginia.

3.1.2 Dam and Spillway: The embankment slopes were heavily vegetated

with tall grass, brush, briers or blackberry bushes and honeysuckle making

observation difficult. Scattered small trees less than 2 inches in

diameter occur at various locations at pool level and up to 5 ft above

pool level on the upstream slope. A roadway traverses the crest of the dam.
The embankment crest exhibited considerable rutting due to vehicular

traffic. The ruts range from % to 1% £t% in depth ard are up to 1 ftt wide.

Scattered shrinkage cracks were observed in non~vegetated areas of the

embankment., Scattered shallow erosional channels or washes occur along

the upstream slope, particularly near pool level. Three disturbed areas

were also observed on the upstream slope just above pool lewvel as shown

on the Field Sketch, Apperdix III. These areas are believed to

be the result of fishermen digging for bait. Scattered erosional

scarps 1 ftt high extend 1 to 2 ft* into the upstream slope at

pool level and appear to be the result of wave erosion. A bare

-13-
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foot path occurs along the right side of the upstream slope providing

i access to the lake. Another such path extends across the base of the
upstream slope just above pool level. The only erosion observed on the

downstream slope is an eroded area 1 £t* wide and 2 f£tt deep which begins

at the downstream slope berm extending half way down the remaining slope

(see Field Sketch, Appendix III). A riprap channel lines the right

D A

abutment-downstream slope contact from the embankment crest to the lower
berm. The riprap gutter appears to be rather new and may have been .
installed to restrict erosion. It is not shown on the "as built" drawings.
The downstream toe was dry and no seepage was observed. Two 6-inch
CMP toe drains exist on either side of the principal spillway outlet. There
was no flow from the left drain, the lower half of which was filled with
vegetation. Flow fram the right drain was clear and estimated at X% gpnt
The riser structure and outlet pipe showed no signs of deterioration
and were functioning properly at the time of inspection. Debris was
present in the low flow intake trash rack. The plunge pool and outlet

channel indicated no signs of deterioyation. The emergency spillway

was well vegetated except for same minor erosion caused by wehicle
traffic. f

3.1.3 Reserwoir Area: The reservoir area was free of debris amd 4

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

with moderate side slopes. The water was clear and no sedi:reni:ation
was observed.

-14~
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3.1.4 Downstream Area: The downstream channel consists of a 10 ft

wide channel located in a 200 ft wide flood plain, and a valley with '
steep side slopes. The valley is heavily wooded with thick underbrush.

Approximately 1.2 miles downstream there are two commercial facilities

about 15 ft above the stream channel.

3.1.5 Instrumentation: No instrumentation (monuments, observation

wells, piezometers, 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 this structure, however, at the time of this inspection, maintenance
appeared to be inadequate. The embankment, including its crest and

slope should be mowed at least once a year, but more preferable twice
a year. The presence of trees on the embankment, particularly any at

pool level on the upstream slope, may pramote the development of deep -
rooted vegetation and this type growth can encourage piping within an

embankment. All trees growing on the embankment should be cut to the

T e L TRTRENEN

ground and removed from the embankment. 2

The bare areas and rutting created by vehicular traffic on the crest

PR P

of the dam and in the emergency spillway do not inhibit the proper
performance of the dam, however, it is recommended that these areas be " 4
backfilled and reseeded. The presence of an adequately vegetated crest '
reduces the erodibility of the crest should overtopping of the dam '
occur during flooding. Vehicle traffic should be restricted on the dam

and emergency spillway. The shrinkage cracks observed are believed to be

the result of local drought conditions and do not require any special : )
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attention. The erosion observed at pool level on the upstream slope
was not widespread at the time of the inspection. If this erosion should
increase significantly and become more widespread in occurrence, it may be
necessary to place riprap for erosion protection. Fishermen should not be
allowed to dig up the embankment,and existing disturbed areas should be j
regraded and seeded. The foot paths on the right upstream slope and just
above pool level should also be reseeded. The eroded area present below
the berm on the downstream slope should be backfilled with compacted soil
and reseeded to prevent further erosion.

The right seepage drain outlet was functioning properly, however,
the lower half of the left drain outlet was filled with vegetation. This
vegetation should be removed. The outlet pipe and intake structures are
in good structural condition. Debris should be removed from the trash rack.
A staff gage should be installed to monitor water levels.

3.2.2 Downstream Area: A breach in the leatherwood Creek No. 6 Dam

during extreme flooding would create a hazard to the downstream dwellings.

~-16-
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: The normal storage pool is elevation 711 msl or
0.1 ft above the crest of the principal spillway low flow inlet. The
lake provides an irrigation supply, flood control and recreation.
Water autamatically passes through the principal spillway as the water
level in the reservoir rises above the low level orifice. Water will
also pass autamatically through the riser overflow crest when the
water level in the reservoir exceeds elevation 717.5 msl, and automatic-
ally through the emergency spiliway when the pool level exceeds
elevation 723.9 msl. A 24 inch diameter slide gate at the low point in
the riser structure is provided to drawdown the reservoir below normal

pool.
4.2 Maintenance of Dam and Appurtenances: Maintenance is the

responsibility of the owner and the Blue Ridge Soil and Water Conservation

District. Maintenance is accomplished by a joint inspection by SCS and

Soil and Water Conservation District personnel. Maintenance deficiencies

are noted and recommended ramedial measures are made to the owner. If the

owner fails to camply with these recommendations, maintenance is then

performed by the Blue Ridge Scoil and Water Conservation District.

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

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

of heavy precipitation and runoff.
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4.4 Evaluation: 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 recammended
that a formal emergency procedure be prepared and furnished to all
operating personnel. This should include:
a. How to operate the dam during an emcrgency.
b. Who to notify, including public officials, in case evacuation

from the downstream area is necessary.
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SECTONy - = BYDEAIT IO HYDROLOGIC TATA

5.1 DLesagn: Ieatherwoad Dt No.o 6 was desigied by the Soil
Cornservation service (SCS) as a multi-purpose dam, and hydrosogic and
hydraulic data 1s avarlable. Stuage-storage and stage-discharge data
fram the desidn report were used 1n the evaluation. This structure is
a Class "A" dam accuriing to the S8 classification method.

5.2 hydrologic kecords: There are no records available.

5.3 Flood BEgrerience:  [njormation on flood experience was

not ava.lable.

.4 l@loud Potentials: 1In accordance with the established guide-

.nes, the Spillway Design Flood (SDF) 1s based on the estimated

"Protat Do Maximum Flood" tor the region (flooc cdischarges that may e
expected fron the most sever cambination of critical metecrologic ana
Lydrotoaie conditions that ave reasonably possible in the region), or
sractions tnerect.  The Probable Maxiumum Flood () and % PMT and 100

year fiood hydrographs were developed by the HEC-1 D B Computer Program

(Reforence 4, Appendix V1) . Precipatation amourts for the flood hydrograph

of the PMY ard 100 vear flood werc taken from the U. S. Weather Bureau
Information (References 5 and ~, Appendix VI). Appropriate adjustments
for basin size and shape were accounted for. These hydrographs were

routed through the reservoir to determine maximum pool elevations.
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Forervedr Regulations: For routing purposes, the pool at
the begurnang of flood war aosuned to be at elevation 711 msl.
Reservorr s tage~storage data and stage—discharge data were utilized
Trom the crosting decsign report. Floods were routed through the
Tesertsoor woang the prinecipal spallway alscharge up to a pool storage
clevatior of 72309 nel oand a corbined principal and emergency
discharge:s for pool elevations above 723.9 msl.  Pool elevations above
T27.9 me1 owere routed over the non—overflow section of the dam.

©.6 Overtopping botential: The predicted rise of the reservoir
pool and other pertinent data were determined by routing the flood
Sy irograpns through the reservolr @€ previously described.  The
reculte tor the flood cona tions (1be year flood, % PMF and PMF) are

CRowT 1 tie tolaomang Table 5.01:
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TABLE 5,1 - RESERVOIR PERFORMANCE

Hydrograph
Normal 100 Year
Flow Flood X PMF PME
Peak Flow, CFS
Inflow 2 2186 5089 10,178
Outflow 2 780 4947 10,178
Maximum Pool Elevation
Ft, ms) 711 725.9 729.3 731.4
Non-Overflow Section
(Elev 727.9 msl)
Depth of Flow, Ft - - 1.4 3.5
Duration, Hours - - 2 4
Velocity, fps* - - 5.1 8
Tailwater Elevation
Ft, msl 696 700 703 705.2

*Critical velocity

5.7 Reservoir Emptying Potentjal: A 24 inch diameter gate at

centerline elevation 7Q1 msl is capable of draining the reservoir

through the outlet pipe. Assuming that the lake is at normal pool
elevation (711 msl) and there is 2 cfs inflow, it would take approximately
one day to lower the reservoir to elevation 752.1 msl. This is

equivalent to an approximate drawdown rate of 10 ft/day based on the
hydraulic height measured from normal pool to the centerline of the

drawdown pipe divided by the time to dewater the reservoir.
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5.6 Evaluation: The U. S. Army, Corps of Engineers' guidelines
indicate the appropriate Spillway Design Flood (SDF) for a small
size, significant hazard dam is the 100 year flood to % PMF. Because
of the risk involved, the % PMF has been selected as the SDF. The
spillway will pass 30 percent of the PMF without overtopping the crest
of the dam (60 percent of the SDF). During the SDF, the dam will be
overtopped for a period of 2 hours up to a maximum of 1.4 feet and reach
a maximum velocity of 5.1 fps.

Hydrologic data used in the evaluation pertains to present day

conditions with no consideration given to future development.
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SECTION 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
Wissahickon Formation; 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
caar se-grained norites, metamorphosed gabbros and diorites. These rocks
are simular in texture to granites, but are comprised of more basic or
dark oolored minerals. Less than 500 ft west of the dam site the
Precambrian lLeatherwood Granite is exposed. This material, typically
granitic dikes and thin sheets on top of the Rich Acres Formation, is
thought to be derived fram the same magma as the Rich Acres Formation.
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.

Bedrock underlying the site includes a relatively thin weathered
zone consisting of disintegrated rock and/or residual soils. At the dam
site the residual soils are overlain by up to 9 ft of alluvial deposits.
The alluvium generally consists of silts and silty clays underlain by
saturated sands and gravels. The centerline of the dam was excavated to
hard rock except at the abutments of the dam. No rock was enoountered with
the backhoe in either abutment. The foundation contains an irregular

rockline due to the intrusion of more resistant dikes intc the surrounding
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host rocks. These dikes occur as ridges crossing the centerline at an
acute angle. The centerline of the dam was placed on one of the wider
ridges.

Gradual consolidation of underlying soils was anticipated during the
application of fill materials. SCS recognized the presence of a 5 ft:t
thick stratum of low strength ML material overlying the more permeable
sands and gravels in the floodplain area. An overfill allowance of 1.5 ft
over the floodplain section was suggested in the design report to compensate
for residual consolidation in the fill and foundation. The underlying soils
probably had essentially fully consolidated under the applied load not long
after completion of construction. Based upon the performance history of
this dam and the soils testing performed during the design phases, a
stable foundation is assumed.

The potential for seepage through the foundation was recognized, and
a cutoff was included in the design. It was estimated in the design report
that approximately 30% of the stream flow was carried by the alluvial
gravel underlying the dam site. A cutoff was designed to extend one ft
into bedrock along the centerline of the dam. The designer recognized
that some seepage may bypass the cutoff and a foundation drain was
designed to accommodate this flow.

6.2.1 Materials: "“As built" drawings describe the dam as a
hamogeneous structure. It was recommended that all MH, ML and SC materials
be placed in the cutoff trench, center and upstream portion of the dam,
while the SM materials were to be placed in the downstream section as *

directed by the engineer (see Plate 5, Appendix I). All fill materials :
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were to be campacted to 95% of maximum dry density in accordance with
ASTM Standard D-698 (Standard Proctor). Compacted densities and shear
strength values for the embankment materials are summarized on pages 2 and
3 of Appendix V. Specifications for maximum lift thickness and maximum
rock sizes were not observed in the design data provided.

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 Apperdix I. An internal drainage system was also constructed,

consisting of a drainage trench beneath the downstream portion of the

embankment to ocollect 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, no
flow was observed fram the left seepage drain outlet, however, the right
outlet was iron-stained and clear water was flowing fram the outlet at

b g;mt In attempt to prevent piping around the principal spillway pipe,

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

6.2.3 Stability: A stability analysis was performed for this
structure and the report describing the engineering design data used is '
included as Appendix V. These data were reviewed along with the stablity i
analysis and were found to be acceptable. In the first condition, ‘
assuming the embankment alone with a fully developed phreatic line, a
factor of safety of 1.43 was calculated for a 2.5H:1V downstream slope

without drainage. A slightly higher factor of safety was concluded under

full or rapid drawdown for an upstream slope of 2.5H:1V over 3H:1V with




a 10 ft berm. The second analysis considered 6 ft of foundation material
with an in-situ shear strength of # = 0, ¢ = 200 psf (based upon pocket
penetrometer readings). Assuming a moist embankment and no consolidation
of foundation soils during construction, a factor of safety of 1.22 was
calculated for the upstream slope (2.5H:1V over 3H:1V) and a factor of
safety of 1.07 for the downstream slope (2.5H:1V).

The dam is 32 ft high and has a crest width of 14 ft. The upstream
slope is 2.5H:1V with a 15 ft wide berm at pool level between elevations
711.4 and 712.4 msl. The upstream slope then continues at a 3H:1V slope
below normal pool. The downstream slope is 2.5H:1V with a 15 ft wide
berm between elevations 711.0 and 710.0 msl dipping into the dam. The
dam is subjected to a sudden drawdown since the lake level can be drawn
down at a rate of 10 ft/day. This exceeds the critical rate of 0.5 ft

per day for earth dams.

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

Therefore, according to the Recommended Guidelines for Safety Inspection

of Dams, the dam is considered to have no hazard fram earthquakes provided
static stability conditions are satisfactory and conventional safety
margins exist.

6.3 Evaluation: In the SCS stability report (Appendix V) uncertainties
with regard to the strength of the soft ML zonewere recognized. Consequently,
the following recommendations were made: "(1) Removal of all or part of
the low density material fram the foundation...,(2) Determine the shear
strength of the ML zone from undisturbed samples, (3) Or provide additional

berming both upstream and downstream." The "as built" drawings indicate




that the last recommendation was utilized in design and construction of
the dam.

For the purpose of this evaluation it is assumed that the additional
berming provides adequate factors of safety, although it is not known if
any further stability analyses were performed. It is likely that the
factors of safety are above those recommended in Reference 1, Appendix VI,
since (1) a conservative value (c = 200 psf} was originally assumed for
the foundation soils, (2) the original factors of safety developed from
slope stability analyses did not account for an increase of strength
during consolidation, ard (3) the berming on the downstream slope and
additional berming on the upstream slope will modify the slope
configuration resulting in a higher factor of safety. Based upon the
visual inspection, performance history and the design report, the

foundation is considered sound and the embankment is oonsidered stable.

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 vegetated earth embankment.

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 711 msl.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessmont: Sufficient engineering data is available for

assessing the dam. The visual inspection revealed no findings that proved
the dam 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 dam 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 30
percent of the PMF (60 percent of the SDF) without overtopping the crest
of the dam. During the SDF, the dam will be overtopped for a period of

2.0 hours up to a maximum of 1.4 feet and reach a maximum velocity of 5.1 fps.
Flows overtopping the dam at a maximum velocity of 5.1 fps during the SDF
are not considered detrimental to the embankment with respect to erosion.
The spillway is judged inadequate, but not seriously inadequate. Review of
available stability data indicates the structure is stable as designed.

7.2 Recommended Remedial Measures:

7.2.1 Emergency Operation and Warning Plan: It is recommended that

a formal emergency procedure be prepared, prominently displayed, and furnished
to all operating personnel. This should include:
1) How to operate the dam during an emergency.
2) Who to notify, including public officials, in case evacuation
fram the downstream area is necessary.

7.3 Required Maintenance: The inspection revealed the following

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

maintenance period within the next 12 months.
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a)

b)

c)

d)

e)

f)

G)

h)

1)

3)

k.

The grass and weeds on the dam embankment should be cut at

least once a year and preferably twice a year. Maintenance
is recommended in the early sumer and fall.

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

trees should be removed from the embankment.

Bare and rutted areas created by vehicular traffic on the

crest of the dam and in the emergency spillway should be
backfilled and reseeded.

Vehicle traffic should be restricted on the dam and in the

emergency spillway.

Eroded areas present at pool level on the upstream slope

should be monitored quarterly to detect any significant
increase in erosion, which may require the installation of
riprap for slope protection.

Fishermen should not be allowed to dig up the embankment

and existing disturbed areas should be regraded and seeded.

Foot paths on the embankment should be reseeded.

The eroded area present below the berm on the downstream slope

should be backfilled with compacted soil and reseeded.

Debris should be removed fram the trash rack.

Vegetation should be removed from the left seepage drain

outlet.

A staff gage should be installed to monitor water levels.
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APPENDIX II

PHOTOGRAPHS
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Photograph No. 2 - Downstream Slope
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Photograph No. 3 - Intake Structure
(Note Debris in Low Flow Inlet)

Photograph No. 4 - Outlet Pipe and Plunge Pool
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Photograph No. 5 - Emergency Spillway
(Note Erosion Due to Vehicular Traffic)
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Yethods and Procedures

1. Pockst penetirometer readings were taken and recorded in ths test pit
logs. The abbreviation pp. stands for pocket penetrometer. The readings
are in tons per square foot. The moisture of the layer has to be taken into
account in estimating the bsaring strength. When a material is wet it has
~uch less bearing sirength than when it is dry,

2. The small samples are not correlated to the test pits in the correlation
chart. This is due to the cumplexity of the alluvial soils. But these
samples are correlated to the different layers in the cross sections,

3. 8oils that will be present in the construction material are classified
for easier correlation to the samples., Standard description of these scilas
are included,

L. In the logs the underlying rock is referred to as granite and coarse
graaite, This 1s for simplification into easily understandable terms,
dcotually the Pgranite” is a gneissic sysnite., This 138 a rock that has
orthoclass foldepar and blotite mica as the major minerals. It contains
little, if ary, quartz., Plagioclase feldspar and muscovite mica are
present in minor ammounts.

The geologic name for the "coarse grained granite™ is pegmatite. It is
composed cof lurye crys“als of srthoclase reldspar, muscovite mica and
quartz. It is more acid than the local granite, The pegnatite occurs
as dikes in the ma3ss of gneissic granite,

It

The carte=lina of tha dar was moved 100 feet upstream, This was to
insmre that the cut-cff trench mest oa a tirmer foundation. This made it
neCrL3ary Lo Mady twe inveagtiiations sn this denm aite., A8 8 result of
this, there arm twe 1is8ts of test pit lozn, On the plans test pit numbers
taat werld nertudlr cesinate the Jirterent parts of the dam are not in
thoce locatimnc., Sulseguent test pits werw dug to investigate the geologic
ceniitions of %heue latter 1-na3ticns.
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) DETAILED GEOLOGIC INVESTIGATION OF DAM SITES
GENERAL
sue _virginia ., Henry T T S T 1T BT watennegl ¢ therwood Cres
Subwateshes - . Fund class I::r;-;og e Ste number @ . Stegroup . X . Stucture ciass _. A _ _ N
. etc }
Investgates by Mack , Ta., G,QQle;lSt.tqwumen! wea _Case backhoe _ e _7,/63 ..
(s-grature and titie) (Type. s.ze, make model, etc )
SITE DATA
Dranage arca vize __._2: O_Bs-n m, _]:331 .acres  Type of structure _E_ézt_h_gi‘}_lh__}uwou ~F100d /_Prevreﬁntiorl .
Direction of valley trend ;downstream) _;E.E____ _ . aManimum heght of til 31 Y,A__. feet. Length of fll 500 fee
Estimated .olume of compacted hil required -_._}LﬁQQ_QubJ.L.__ __ yards
STORAGE ALLOCATION
Volume (ac ) Surface Arep 1acres, Depth st Dam (feet)
Seqiment 73 - 13,5 _ _____ 10,6
418 37.0 26,3

F opdwater ———— [

SURFACE GEOLOGY AND PHYSIOGRAPHY

Prscgracm qescrpter P1EAMONT PTroviNee yopopmpny _ TOLLINE annruge of begs: 0ip _ NONE  §ppy,_NONE

Somecness  phutme-ts et L5 percent Rignt 85 percent  Wigth of Hoodpiain at centeriine of dam 275 fo
Gorern g+ ovotsce  Lam site #6 is underlain by the Wissahickon formation
Acceriing tc 1928 Geologic Map of Virginia. _However, on thig map the
bounaary_ of the Leatherwood granite and the Wissahickon formation is = _
only on¢ mile upstreana.

The rock present is a syenite gneiss. The major minerals of the syenite

gneliss are orthoclase feldspar and biotite mica, This gneiss weathers
to a Cecil soll, When plagioclase feldspar is present as part of the

totel feldspar content the gneiss weathers to a Lloyd soil, This sycnite_

Eneliss is similar to the orthogneiss in the Leatherwood formation, S
Detailed geologic mapping would perhaps clagsify it as an orthogneiss
bordering the lLeatherwoad granite,

Fhis rock is cut by pegmatite dikes in the area of the dam site. These

dikes are composed of large crystals of orthoclase feldspar, muscavite
mice, and quartz. _They weather a little more deeply than does the

VNass 6




(. gL
edjacent sysnite gneiss., The pegmatite dikes form an Appling Soil.

Two small streams are present in the stream valley, The larger of the

two 18 next to the left sbutment. Between these streams is a low floodplain
that rises only from one to one and a half feet above the stream channel,
The streams are agrading. They joln 550 feet downstream from the proposed
centerline of the dam. The siream valley is part of a dendritic drainage
pattern in wlich the streams are strongly entrenched.

Centerline of Dam =

No rock was found with the backhos in either abutments of the dam. But

! haxd rock was encountered along the entire length of dam centerline across
the floodplain. It appears fairly regular. It is deepest in the center
of the floodplain, Here it was found at 9.5 feet at station 4+50 on the
centerline of the dam. PFirm bedrock becomes somewhat shallower in depth
towards each sbutment, It is most shallow under the centerline of the
proposed conduit., This rock can best be classified as a greisen., It is

. a hard contact metamorphic rock that has formed between the pegmatite
dikes and the syenite country rock. The pegmatite is downstream from the

i dam centerline and the syenite is upstream. Minerals in this rock are

: quartz, feldspar, actinolite and muscovite mica., It is hard and is more
resistant to erosion and weathering than either the pegmatite or the syenite,

, ( The rock is white in color.

The recent sedimentation along the dam centerline in the floodplain is

extremely complex as can be seen from the profile. However, one layer

is conmon to most test pits in the floodplain., This is the water bearing

! sand and gravel layer that occurs approximately 6 feet below the ground

t surface., It is through this layer that approximately one third of the
water in the stream valley flows. Below this water bearing layer is a

| buried residual soil, This old soil is not wet but has remained moist.

: This 4is dwe to the compact nature of the soil.

: Foundation -

‘ The foundation contains an irregular rockline. This 13 due to ridges of

A : greisen crossing the foundation at approximately right angles to the strike
of the stream channel, As can be sesn from the detailed geologic amd so0ill
map, the strike of the greisen is approximately M 67° B. Th:\s forms an
acute angle with the centerline of the dam which strikes M 58° E. At least
two ridges of white greisen were tfound in the toundation. The narrower

is downstream from the dam centerline. It is on the wider one that the
centaline of the dam is placed.

Several distinct layers of alluvium are present in the foundation area.
The highest of these is a brown red oxidized layer ot silty clay. Below
this all sedimentary layers are reduced. The upper of these reduced
layers 1s a silty clay that has a high moisture content, a low dry demsity
L , and a low pocket penetrometer reading. Below this is a laysr of water
bearing sand and gravel. Throwh this flows rmuch of the water of the
strean valey, This water La.;ri( sayer ic thick in the toe drain area.
NN as s ¢
3 o077

aatiens.
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fram a pesgmatite dike that cuts the syenite in this area. At & depth of
greater than 10 feet in this soil angular sand and gravel asize particles
occur, On the right abutment 800 feet upstream the syenite is within

7 feet of the ground surface. Here a Durham soil occurs. This soll type

has & sandy texture, It contains same silt and clay. No rock was encountered
in the borrow area closer than 750 feet to the centerline of the dam on

the right abutment, .
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102 - 1 | Borrow Area 11,0 }10.0 v
104 - 1 bl 1.0 8.0 \'g
- twh-2 0 i 1 8.0 110.8 Y
_— (
. o ML ]
__110-1 |c/uDan L+50 C/L D 1.0 | 1.2 v
__J 0w-2 ;" " 1.2 4.9 |
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I I V- R R S o Lmquﬁ v
. 10 - S " ° ; 7.8 8. | v
-y T T T T oo T Tt I —t —
,.__,,_‘I’Ml:) - 6” n L —h —_— _ . : AL_.4 9.5 e e —— ,; v —_—
1
—__Jk2 -1 Fouadation SQ'JLQAJ A0 &.LJ 10,5 I B, 4
M3l w50V RC/LD 30081 | T
510 = 1 Toe Dratn . 25' L C/L D hooowt 1,3 4} 8.2 v
R et S A 7 ?
7 R . T 1 —
_-VY_AA_4 4 ;4_,,__VA-
4 e
Originol to Soils Loboratory \lk 48'5— G\
Copy 1o Eond WP Unit
Dmnbuu other copies o9 directed by State Conurvohonln Shu!lot_?_Shoﬂ
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10-59 DETAILED GEOLOGIC INVESTIGATION OF DAM SITES
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(signature and title)

INTERPRETATIONS AND CONCLUSIONS
FCR IN-SERVICL 1ISE QNLY

le It 35 necessary that a cutoff be installed and anchored cne foot into bedrcck. This
is tc intercept the flow of water through the water bearing sand zrd gravel present
in the flecciplain. As at least one third or pnssibly two fifths of the wailer [{lowing
dowithe valley pasces through this laver, a good cutoff is mandatery.

2. The residual soil along the centerline of the provosed conduit is fairly hard in place.
Althouch the downstream portion of the propnsed «nduit will not be on rock, use can
be rade of this firm scil to support the cradle.

3. The prcposed conduit can be moved to the right to lower the rocklire. The slope cf the
rockline in this area of the left abutment iz 1 to €. But the white greisen rock here
is fractured and can probably be ripped with heavy machinery.

L. The toe drain area ccntains a layer of water-bearing sand and gravel (DS 510-1). This
layer allcws free passage of water through much of the floodplain. But at some places
this flow is etepped in the toe drain area. TP 303 located 65 feet downstream from the
centerline of the dam sbows the water-bearing sand and grave® to be absent. This
infcrmation can be taken into consideration in design of the toe drain.

( A laver of soft, mcist gray clay (cl) blankets most of tre founiaticn of the dam. It
ccenrg from gt proximately two to seven fest beiow the grecund surface. As removal cf
thic Irem tue foundation will be expensive, the desipn of the dam shonld bpe adapted to
thic ~eonditton.

o re- ayarination of itr surface ‘he rock in the emergency spillway is thought to be
ririalle with heavy rachinery. However, tris opinion is from the surface conditions
N

¢f +re rzck and mar not be trus at depth., At loast 10 feet of this syenite rock has ?
TCote Tanivel.

Yo Ar r:y:ma-ely 30 percent of the borrow material fer the dam will come fram the Lloyd
s .1 in tne mmergency spillway. O©f this material the most suitable for construction

fove trt red rlav that is closest to the surface. The next most suitable is the
7o . &-red s/t Yeliw the clay. The poorest construction ma‘terial in the area is the ‘
"o vt mica material bslow the silt. This is to go only on the downstream slopes. "
- . R S2 .

. A -4 sl in tre horrow area should béicnli down through the red silt horizon. {

¢ trown mica material is to be discouraged unless it has to be removed as in
- snpr.ooncy apilluvay. The Sppling soil of the borrow area 1s fairly good construc-

3

- et t ras e low clay content. But this clay may be enough to tie the san
.- . A ygoed 50 censtruction material could be made by mixing pan load for pan
. L .o &¢ herizon clay with white Cy horizom,Wppling sand. The Durham soil ia

- ocac 1o tre Lorruw area. It i3 silty and sandy. Compared to the other '
. w1t forms a fair construction material.

|

- = ' « @ ., borrow material available in the right abutment. But of the
« &'~ u ,veed clay material for the cutoff and core is scarce,

]

N agy -
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- R. C. Eurnes -- 10/10/

Rey S. Decker
Subj: Virginia Wp-03, ILcztherwood Creck, S5if

I
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Strenmth: EBased on densiiy, it nay be assuned thet ih
’ i

the sirctified, sandy zone will te adeguzte for the siz

planred.

Trne availeble infermziion cn the coft ML zone overlying the stratliiticd
cands Irdicates that this mzteriul has low shear strengih. Lre
rocisture ccntent of this materiazl ic in the renge of 50 percent; there-
fore, saturation mey be ascumed. Pocket peneircmeter readinzs z: low
25 0.1 t.s.f. were obicined and were generally in the range ¢ C.1

tc 0.3 t.s5.f. The pocket pen trometer is calibrated to read courres-

mnmao
o

o

&)

a1

sive strerngth in tons/ . cirength eguals one-hzlrl the ccxz-
pressive strength; thc*c ore, the indicated shear strength vased on

the pocket penetrometer rezdings would range from ¢ = 100 p.s.f. to

c = 303

ai, a RBarverl minia
Sample B5WTLG to p
T the soit CL zon
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to be norzzl for
ained materiuls

Comruevted Dencity:  Standard Proctor compaction tests were made on
@1l ol tne bor:ruw sumples submitied.  The sumples were submitted
mzisture-proof tass end the firs poin: cn the Proctlor curve rerre-

rentlo the moisturce conient of the sumples as received. The compacted
derncity of the Mil and ML materizl from the emergercy spi 17way is low.
ine dencities oblained were 77.C poce. 1.
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for both materials.




rnia WP-0&, Leatiherwood Creek, Site No. 6

mracted density of the &M, ML and SC materials from the borrow
rea appear to be normal for tnis type of material. The compucted

ty of the borrow samples ranged from 96.5 p.c.T. tc 103 p.c.f.
riance of submitting mazterizls of this rnzture at raturzl
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L e . .
wrd roisture ccntent is shown by the Tcllowing comparison of cczpacted
density for the low density spillway samples.
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: Rey S. Decker
Sub.:  Virginia Wp-08, Leatherwood Creck, Site No. G
be backfilled with ML or SC material like
ELWT.  Tc chould be compueted to w
Standnrd Prucier denohvy.
hanan) C. FIrinel cizel spilliay in the vicinity
, o £ St location {rom a fopn:&:lon standpolny
¢ Lhen the sbandoncd locaticn ot ¢ Station 3+50.
' At the € Station 2475 locsilion the conduit will be bedded in bedrock
ghout T ts length. At the proposed grude the upner end
o € i1l not ve cn telrock. It may te possible,
ndvit or chift it more to the left and obtain
) tiore in the viecinity of the riser.
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— . . —
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Recomminiled Guidelines for Safety Inspection of Dans, Dopariavant

of Army, Office of the Chief of Engineers, 46 pp.

Design of Small Dams, U. S. Department of Interior, Bureau of

Reclamation, 1974, 816 pp.

Geology of the Snow Creek, Martinsville East, Price and Spray

Quadrangles, Virginia by J. F. Conley and W. S. Henika, Virginia
Division of Mineral Respurces Reports of Investigations 33, 71 pp.

HEC-1 Dam Break Version, Flood Hydrograph Package, Users Manual

for Dam Safety Investigations, the Bydrologic Engineering Center,

U. 5. Army Corps of Engineers, Setpamber, 1978,

Weathor Barcau, U. £. Department of Army, Corps of Enginecrs,
washington, D, C., April, 1956.
Tennical Paper No. 40, U. S. Department of Camerce, Weather

ared, Woeshinmorn, DL Co, May, 1961,







