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20. Abstract

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington, D. C. 20314. The purpose of a Phase I investigation 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 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.

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 asses:mcnt of the conditions of the dam. It sho,,ld be
realized that certain engineering aspects cannot be fully analyzed
durir- 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 and
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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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these guidelines may be obtained from the Office of the Chief
of Engineers, Washington, D.C. 20314. The purpose of a Phase I investi-
gation 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 in-
vestigation 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 improving 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
environment of the structure.

It is important 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 assume that the present
condition of the dam will continue to represent the condition of the dam
at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established guidelines,
the spillway design flood is based on the estimated "Probable Maximum
Flood" for the region (flood discharges that may be expected from the
most severe combination of critical meteorologic and hydrologic conditions
that are reasonably possible), or fractions thereof. Because of the
magnitude and rarity of such a storm event, a finding that a spillway
will not pass the design flood should not be interpreted as necessarily
posing a highly inadequate condition. The design flood provides a
measure of relative spillway capacity and serves as an aide in
determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the downstream
damage potential.
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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Bedford Reservoir Dam, #VA 01904
State: Virginia
County: Bedford County
USGS Quad Sheet: Peaks of Otter
Stream: Stony Creek
Date of Inspection: 1 December 1978

Bedford Reservoir Dam is a zoned earthfill structure about 550 feet long and
54 feet hijh. The dam is owned and operated by the city of BedfoJ,
Virginia, and supplies water to the city of Bedford. The dam is classified
as an intermediate size with a significant lazard classification. The
principal spillway consists of a 6-foot wide and 5-foot high concrete tunnel
running through the dam at low level. The tunnel is served by three 16-inch
intake lvels and a 30-inch by 30-inch drawdown sluice gate located in the
upstream portion of the intake structure. Water passes into the tunnel
through a 30-inch by 30-inch discharge sluice gate which remains partially
open. Water also flows through a 16-inch water supply pipe by means of
gravity to a filtration plant several miles downstream. The dam is located
on Stony Creek about 3.4 miles upstream of Kelso Mill, Virginia.

Based on criteria established by the Department of the Army, Office of the
Chief of Engineers (OCE), the spillway is rated as adequate. The spillway
will pass the Spillway Design Flood, which is considered the 1/2 PMF for
this dam, without overtopping the dam.

The visual inspection revealed no apparent problems and there are no
immediate needs for remedial measures. It is recommended within 12 months
that stability analyses be performed on the upstream slope assuming a
minimum drawdown from normal pool. It is also recommended that a regular
maintenance program be initiated to maintain the integrity of the structure
and correct those minor deficiencies listed in Section 7.

Submitted By6 , 1 1 1na si.,'od b Approved By: 01i ' iced by:,

JA IES A . WALSH P g ,s'i L . alf lor

JAMES A. WALSH, P.E. DOUGLAS L. HALIER
Chief, Design Branch Colonel, Corps of Lngineers

District Engineer

Recommended By:

,ANL !A. CQODiVIN Date:
ZANE M. GOODWIN, P.E.
Chief, Engineering Divisioi.
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SECTION I

PROJECT INFORMATION

1.1 General:

S .ece Authority: Public Law 92-367, 8 Aug 72, authorized the "

Secretary of the Argm-y , through the Corps of Engineers, to initiate a
national program of safety inspections of dams throughout the United
States. The Norfolk District has been assigned the responsibility of
supervising the inspection of dams in the Commonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the Recommended Guidelines for Safety Inspection
of Dams (Appendix VII, Reference 4). The main responsibility is to
expeditiously identify those dams which may be a potential hazard to
human life or property.

1.2 Project Description: M

1.2.1 Dam and Appurtenances: Bedford Reservoir Dam is an earth
embankment dam about 550 feet long and 54 feet high. The top of the dam
is 20 feet wide with an elevation of 1378.0 feet m.s.l. The upstream
slope has 1 vertical to 3 horizontal (1:3) slope with riprap protection
from elevation 1358.0 to 1371.0 feet m.s.l. The downstream slope has a
(1:2.5) slope and is benched at elevations 1363.5, 1348.5, and 1333.5 to
accommodate a surface drainage system consisting of catch basins and
underground conduits.

The embankment has an impervious core keyed into foundation bedrock
and an intricate foundation drainage system consisting of blanket and toe
drains. Plan views and profiles of the embankment, with the surface and
foundation drains, are shown on Drawings 2 and 14, Appendix I,
respectively.

The principal spillway consists of a 6-foot wide and 5-foot high
concrete tunnel running through he dam at low level. The tunnel is
served by three 16-inch intake levels (elevations 1360, 1347, 1334). The
top two intakes are always open allowing water into the intake
structure. A 30-inch by 30-inch discharge sluice gate is partially opened
discharging into the tunnel from the intake structure to allow discharge
into the stream below the dam. Water flows from the intake structure by
gravity through a 16-inch water supply pipe located within the tunnel.
This water flows to a filtration plant several miles downstream.
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The emergency spillway is a c:ncrete side-channel spillway located at
the right of the embankment. It has a bottom width of about 140 feet with
a crest elevation 1369.0 (including 1 foot of wood flashboards) and side
slopes of 1:1. The approach channel is constructed of riprap that covers
the 40 feet adjoining the spillway crest. The 495-foot long discharge
channel is constructed of concrete with several 2.5 inch hydrostatic relief
plugs and one 14-inch drain that controls flow from areas to the right of
the spilluzy.

A 30-inch by 30-inch sluice gate with the invert at elevation 1325.75
is located on the upstream side of the intake structure. This intake
allows water to flow into the intake strilcture, then permits withdrawal
of water from the bottom of the reservor if the 30-inch by 30-inch

2discharge sluice gate is open.

1.2.2 Location: Bedford Reservoir Dam is located on Stony Creek about
3.4 miles upstream of Kelso Mill, Virginia. The reservoir formed by the dam
is known locally as Stony Creek Reservoir.

1.2.3 Size Classification: The dam is classified as an "intermediate"
size structure because of height (54 feet).

1.2.4 Hazard Classification: The dam is located in a rural area and
is therefore given a significant hazard classification in accordance
with guidelines contained in Section 2.1.2 of Reference 4, Appendix VII.
The hazard classification used to categorize dams is a function of location
only and has nothing to do with its stability or probability of
failure.

1.2.5 Ownership: City of Bedford, Virginia.

1.2.6 Purpose: Water supply for the city of Bedford, Virginia.

1.2.7 Design and Construction History: The dam was designed by Wiley
and Wilson, Inc. and constructed in 1958 by English Construction Company.
Flashboards were placed in the ungated spillway in 1966 and concrete was
placed adjacent to the flashboards on the discharge channel sido in 1975.

1.2.8 Normal Operational Procedures: Water is withdrawn from the
reservoir through a three level intake system to supply the city of
Bedford, Virginia. A 30-inch by 30-inch discharge sluice gate is partially
open to allow flow downstream. Otherwise, regulation of flows is largely
automatic with water rising above the crest of the emergency spillway
passing freely downstream.

1.3 Pertinent Data:

1.3.1 Drainage Area: The dam controls a drainage area of 6.02 square
miles.



1.3.2 Discharge at Dam Site:

Maximum Known Flood - approximately 1,000 c.f.s.

Emergency Spillway
Pool Level at Top of Dam - 12,150 c.f.s.

1.3.3 Dam and Reservoir Data: Pertinent data on the dam and
reservoir are shown in the follow table:

Table 1.1 DAM AND RESERVOIR DATA

Elevation Reservoir
Elevation C apcity

feet, Area, cre- Watershed, Length,
Item m.3.i. acres feet inches miles

Top of dam 1378.0 40 760 2.4 .4

Emergency spillway crest 1369.0 28 455 1.4 .3

Streambed 1315+ - - - -

1-3
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SECTION 2

ENGINEERING DATA

2.1 Des in: Design data was provided by the owners and by the designers,
Wiley and Wilson, Consulting Engineers, Lynchburg, Virginia. The data
reviewed included the following:

a. As-built drawings indicating plans, elevations, and sections of the

dam and appurtenant structures. Also shown on the drawings are borrow pit
and test boring locations (May 1, 1954).

b. "Preliminary Memorandum on Geological Conditions at a Proposed
Dam Site on Stony Creek, New Bedford, Virginia," by Byron N. Cooper,
February 23, 1953, Appendix IV.

c. "Report on Earth Resistivity Surveys at Proposed Dam Site on Stony
Creek, Near Bedford, Virginia," by Byron N. Cooper, Appendix V. This report
covers the investigation and recomnendations for embankment materials.

d. Test boring logs in addition to those shown on the drawings, by

Farwell Well Corporation, April 8, 1954, Appendix V.

e. Hydrologic data, and hydraulic design calculations, Appendix VI for
the design of the emergency spillway.

f. Stability Analyses, Appendix VI. Copies of existing data are on
file with the Norfolk District for future references.

2.2 Construction: There are no available construction records.

2.3 Evaluations: The as-built drawings and design calculations were
adequate for review. No construction reports were available to evaluate
construction methods or alterations. However, as-built drawing were
available during the inspection and external structures appear to be in
accordance to the drawings.



SECTION 3

VISUAL INSPECTION

3.1 Findings:

3.1.1 General: The results of the 1 December 1978 inspection are
recorded in Appendix III. At the time of the inspection the pool elevation
was 1362.75, 6.25 feet below normal pool elevation. The outlet work was
releasing a very small flow by way of a partially opened discharge sluice
gate in the intake structure. Prior to the field inspection performed on
1 December 1978, the only known inspection was an underwater inspection of
the intake qtructure performed by Virginia State Police divers. In
general, no obstructions or siltation problems were found.

3.1.2 Dam: The embankment is in good condition, but is thickly
vegetated with brush and 2-inch locus trees. No sloughing, erosion, or
misalignment was noted. Several of the catch basins on the dam were
blocked with debris.

3.1.3 Appurtenant Structures: Observations of the intake structure
were made from the emban1cment and no deterioration was noted. The
discharge tunnel apppeared to be in good condition, but a 2-inch layer of
iron bacteria was noted on the floor of the tunnel.

3.1.4 Emergency Spillway: The spillway is in good condition except for
the following deficiencies: portions of the flashboards are missing near
the right abutment, a tree is growing out of one joint, the riprapped
discharge channel hau eroded away on the left side, the right side is
overgrown with vegetation, and debris has blocked the right wall
subsurface drain.

3.1.5 Reservoir Area: The reservoir area did not have any shoreline
erosion or apparent slope failures.

3.1.6 Downstream Channel: No erosion was observed in the downstream
area. No homes are in the flood plain. A 25-foot high concrete dam is
located approximately 2,000 feet downstream. Because of siltation this
dam has very little storage capacity.

3.2 Evaluation: Overall the dam appears to be in good condition. The
embankment should be trimmed of the brush and all trees cut at the trunk.
The catch basins should be cleaned out. The tree in the emergency spillway
should be removed. The erosion of the channel downstream of the spillway
should be riprapped. Also, the vegetation and debris located in the right
side should be removed, and the right drain should be uncovered and allowed
to flow freely. An annual maintenance and inspection program with records
should be initiated.
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures: The maximum storage pool is elevation 1369.0, which
is the top of the flashboards, on the emergency spillway crest, The
reservoir provides the water supply for the city of Bedford, Virginia,
approximately 7 miles downstream. Under normal flow conditions, the
reservoir pool level is at the ungated spillway crest (elevation 1369.0).
Three water intake elevations 1360, 1347, and 1334, of which the higher
two are always open, allow water to flow into the intake structure. Water
is withdrawn from the intake structure by means of one 16-inch water supply
pipe and the partially opened diacharge sluice gate. A 30-inch by 30-inch
discharge sluice gate connects the intake structure to the discharge
tunnel through the dam. The sluice gate is lcft partially opened to allow
discharge into the stream below the dam.

4.2 Maintenance: A routine maintenance program has not been
established for the Bedford Reservoir Dam, although periodic maintenance
has occurred. Twice a year copper sulfate is added to the reservoir,
while until recent years, every 2 or 3 years ground maintenance was
performed by che Public Works Department to control tree and vegetation
growth on the embankment and in the spillway. A representative of the city
of Bedford visually checks the reservoir elevation and discharge
characteristics at least once a week.

4.3 Warnin System: At the present time, there is no warning system
or evacuation plan in operation.

4.4 Evaluation: The dam does not require an elaborate operational
and maintenance procedure. However, an annual maintenance and inspection
program should be iniiated to help detect and control problems that may
occur.

4-1



SECTION 5

HYDRAULIC/HYDROLOGIC DES IGN

5,1 D g Design calculations for the dam and spillway are on file

at the owner-s-office.

5.2 Hydrologic Records: None were available.

5.3 Flood Experience: The maximum observed flood reacied was
approximately t high in the ungated spillway or elevation 1370.0.

5,4 Flood Potential: The Probable Maximum Flood (PMF', i/2 PMW, and
100-Year Flood were developed and routed through the rese-voir by use of
the HEC-IDB computer program (Reference 1, Appendix VII) and appropriate
unit hydrograph, precipitation, and storage-outflow data. Clark's Tc and R
coefficients for the local drainage area were estimated from basin
characteristics. The rainfall applied to the developed snit hydrograph was
obtained from U.S. Weather Bureau Publications (Referenco 2 and 3, Appendix
VII). Losses were estimated at an initial loss of 0.80 inch and a constant
loss thereafter of 0.05 inch/hour.

5.5 Reservoir Regulation: Pertinent dam and reservoir data are shown
in Table 171.

Regulation of flow from the reservoir has been set to allow water to
enter the upper two 16-inch intakes and collect within the intake
structure. Flow occurs through a 16-inch water supply pipe to the
filtration plant and occurs through the partially open discharge sluice
gate. Water also flows past the dam over the emergency spillway in the
event water in the reservoir rises above elevation 1369.0.

The storage curve supplied by the owners was extended above the top of
the flashboards by use of U.S. Geological Survey Quadrangle Maps. Rating
curves were developed for the emergency spillway, non-overflow section of
dam, and the drawdown outlet. In routing hydrographs through the reservoir,
it was assumed that the initial pool level was at the emergency spillway
crest (top of flashboards). Flow through water supply pipe was neglected
during routing.

5.6 Overtopping Potential: The probable rise of the reservoir and
other pertinent information on reservoir performance is shown in the
following table:

5-1



Table 5.1 RESERVOIR PERFORMANCE

Normal Hydrograph
Item Flow 100-Year d/ 1/2 PMF PMF2

Peak flow, c.f.s.
Inflow 6 6,767 13,483 26,966
Outflow 6 5,894 12,937 26,700

Maximum elevation,

ft., m.s.l. - 1374.4 1377.4 1381.1

Emergency spillway
(el. 1369.0)
Depth of flow,

ft. - 5.4 8.4 12.1
Duration, hours - 16.5 73.0 79.0
Velocity, f.p.s. - 7.0 8.7 10.4

Non-overflow section
(el. 1378.0)
Depth of flow,

ft. - 3.1
Duration, hours - 2.5
Velocity, f.p.s. - 5.4

Tailwater elevation,
ft., m.s.1. 1316+ -

1/ The 100-Year Flood ( percent Exceedence Frequency Flood) hasI chance
in 100 of being exceeded in any given year.

2/ The Probable Maximum Flood is an estimate of flood discharges that
may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably
possible in the region.

5.7 Reservoir Emptying Potential: A 30-inch by 30-inch gated outlet
and a 16-inch outlet at elevation 1325.25 is available for dewatering the
reservoir. The low level openirg through the intake structure will permit
withdrawal of about 305 c.f.s. with the reservoir level at the crest of the
emergency spillway and essentiaiy dewater the reservoir in less than 1 day.

5.8 Evaluation: Based on the size (intermediate) and hazard
classification (significant) the recomnended Spillway Design Flood is 1/2
PMF. Based on the risk involved in this project, it is considered that 1/2
PMF is appropriate as a Spillway Design Flood.

Conclusions pertain to present day conditions. The effect of future
development on the hydrology has not been considered.
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SECTION 6

DAM STABILITY

6.1 Foundation and Abutments: The preliminary memorandum by Bryon N.

Cooper, provided in Appendix IV, covers the area geology, including a summary

of the test borings shown on the drawings. Generally, the area geology
consists of shallow residual soils overlying a massive dark-colored greenish-

gray bedrock. The bedrock is composed largely of hornblende and plagioclase

gneiss. However, there is a thick river deposit through the dam site

consisting of an imbricated mass of river cobbles attaining a maximum
thickness of about 27 feet. The preliminary report includes specific

recommendations on keying impervious earth core into bedrock beneath the

cobble layer. The drawings provide a profile of the dam foundation and

ungated spillway on Drawings 9 and 7, Appendix I, respectively.

6.2 Embankment:

6.2.1 Materials: The embankment consists of three zones of materials.
The impervious core is classified "Class A" with "Class B and C" as the
upstream and downstream ballast, respectively. The earth resistivity survey
by Cooper provided in Appendix V covers the investigation and

recommendations for embankment materials. The test borings by Farwell Well

Corporation are believed to be some of the additional borings requested by

Cooper in his report. Available data does not specify the characteristics

of the classes of materials. Based on Cooper's survey report, the Class A

is probably a residual plastic clay and the Class B is the above soil, too

granular and rocky for use as in Class A clay. There is no reference in any

of the intormation as to the nature of the Class C soil.

6.2.2 Stability: The embankment stability was performed according to

Engineering For Dams, Volume III, by Justin, Hinds, and Cregor. Design

parameters of 0 = 240 and C a 0 were assumed for the core material. The

analyses were performed for the following loading conditions:

Condition Factor of Safety

1. Resisting Force Against
Headwater Pressure 3.8

2. Horizontal Shear in
Downstream Portion

IV:2.5H Slope 1.49

3. Horizontal Shear in
Upstream Portion (Sudden
Drawdown, Worst Condition)

IV:3H Slope 1.0

LV:3.5H Slope 1.18
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Based on the analyses, an upstream slope of IV:3.5H and downstream slope
of 1V:2.5H were recommended for design. A copy of the calculations are
provided in Appendix VI.

6.2.3 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 from earthquakes provided
static stability conditions are satisfactory and conventional safety
margins exist.

6.3 Evaluation: There are no available soil testing records to
verify the assumed soil parameters. Also, the dam has an upstream slope
of lV:3H which, based on the analyses, is not adequate according to the
recommended design.

However, the visual inspection revealed no evidence of instability or
stress of the embankment; therefore, the dam is considered stable and
adequate for normal pool operations. But it is recommended that the
upstream slope, according to state of the art practices, be checked for
sudden drawdown conditions, assuming a minimum drawdown from normal pool.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS/REMEDIAL MEASURES'
7.1 Assessment: The inspection revealed no findings that prove the

dam to be unsound during normal pool operations. Available engineering
data was adequate for review. The Spillway Design Flood (1/2 PMF) does
not top the crest of the dam, therefore, the emergency spillway is
considered adequate. The stability analyses indicate an adequate factor
of safety on the downstream slope. But, the dam has an upstream slope of
lV:3H which, according to the given design calculations, has a factor of
safety of 1.0 for the sudden drawdown condition. Overall, the dam is in
adequate condition and will not require urgent remedial treatment.

7.2 Recommended Remedial Measures: It is recommended within 12 months
that stability analyses be performed on the upstream slope assuming a
minimum drawdown from normal pool. It is also recommended that an annual
maintenance program be initiated to maintain the integrity of the
structure. The inspection revealed the following maintenance items that
should be scheduled by the owner during a regular maintenance period:

a. Trim the embankment of brush, cut all trees at the trunk, and

reseed the embankment.

b. Clean out all the catch basins on the dam.

c. Cut the tree growing in the emergency spillway.

d. Riprap the eroded area in the channel downstream of the ungated
spillway. V

e. Remove the vegetation and debris located on the right side of the
downstream channel of the emergency spillway. Also, uncover the right
subsurface drain and allow it to flow freely.

7-,



APPENDIX I

MAPS AND DRAWINGS
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APPENDIX III

PHASE I - FIELD OBSERVATIONS

Name of Dam: Bedford Reservoir Dam (VA 01904)
County: Bedford State: Virginia
Coordinates: Lat. 3726.6 T ong. 7933.0
Date of Inspection: 1 December 1978
Weather: Fair
Temperature: 450 F
Pool Elevation at Time of Inspection: 1362.75 m.s.l. 0
Tailwater at Time of Inspection: 1316+ m.s.l.

Norfolk District Inspection Personnel:

Jim Rnbinson, Hydrology
Dave Pezza, Soils
Richard Klein, Trainee

Other attendees:

Neil Obsershain, State Water Control Board
Walter Kent, City of Bedford
Everett Wood, City of Bedford
Terry Dooley, City of Bedford

1. GENERAL: At the time of inspection, the level of the water in the
reservoir was 6.25 feet below the normal pool level of elevation 1369.0.

2. EMBANKMENT

2.1 Surface Cracks: The slopes, crest, and abutment contacts were
inspected and no cracks were found. However, the face of the dam was
covered with thick vegetation inhibiting a thorough investigation. The
vegetation consisted of brush and locust trees up to 2 inches in diameter.

2.2 Unusual Movement: No unusual movement was noted on the dam. The
vegetation inhibited observations.

2.3 Sloughing or Erosion: No sloughing or erosion was noted.

2.4 Alijnment: The vertical and horizontal alignment of the dam did
not deviate from the as-built drawings.

2.5 Riprap: No riprap failures were found on the upstream face of
the dam.

ill!-I



2.6 Junctions: No problems were observed at the junctions of the
embankment and left abutment, and spillway and dam.

2.7 Seepage: No seepage was observed.

2.8 Drains:

2.8.1 Surface Drains: Several of the drains were plugged with debris.

2.8.2 Foundation Drains: The drains were not observable during the A

investigation. It was noted from the drawings that the blanket drains drain ,
into the surface drainage system. It is not clear where the toe drain empties.
At the time of the inspection, the 12-inch and 15-inch pipes discharging into
the outlet works were submerged. The 12-inch pipe appeared to be flowing full
and flow was evident from the 15-inch pipe.

3. Water Works:

3.1 Intake Structure: There is no access to the intake structure fromthe dam. "Testructure is concrete and showed no visible signs of k:

deterioration. An inclosed structure sits on top the intake prohibiting P,
observation of shafts used to operate sluice gates. No determinations of the
intake structure could be made during the inspection. State Police divers
found no problems during inspection in the fall of 1977. 3

3.2 Outlet Works: A 30-inch by 30-inch sluice gate serves as the
principal spillway by connecting the intake and the discharge tunnel. The I ,

gate is opened partially allowing flow downstream. The tunnel dimensions are
6 feet wide and 5 feet high with a 30-inch by 30-inch opening in a bricked
wall at the discharge end. Flow through a 16-inch water supply pipe could not
be determined. A wooden plug was missing from 16-inch outlet. There was a
2-inch coating of iron bacteria in the outlet and downstream channel.

3.3 Outlet Channel: A discharge channel extends from the toe of che dam
to approximately 20 feet downstream. Wing walls and large boulders line the
channel which is approximately 3 feet deep near center of channel just below
the exit channel of the discharge tunnel. The tailwater was approximately 0.5
feet below the tunnel discharge invert. A large quantity of iron bacteria was
observed in the discharge tunnel and in the downstream channel area.

4. Emergency Spillway: The spillway is a concrete side-channel located
to the right of the earthen embankment. Flashboards were added in 1966 and
concrete reinforcement for the flashboards in 1975, which raised the normal
pool elevation to 1369.0. Portions of the flashboards are missing near the
right abutment. The concrete discharge channel appeared in good condition.

111-2
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No spalling and scaling were evident and the expansion joints are sealed
with bituminous asphalt or cold pour. Several of the asphalt sealed joints
have light vegetation growing in them. There are several 2.5 inch diameter
hydrostatic relief plugs in the channel. Alligator cracking was noted in
the concrete slab at station 7+00 with patching apparent. A tree is
growing out of a joint in the left channel wall at about Station 2 + 90.
The drain discharging into the channel at about Station 4 + 85 was flowing
freely with clear water. A pile of soil is resting in the right wall at
about Station 5 + 25. The left wall subsurface drain was flowing freely
with clear water. The right drain was not found. The riprapped downstream
channel has eroded away on the left side. The right side is overgrown with
heavy vegetation and debris has blocked the right drain.

5. Reservoir: The area surrounding the upstream reservoir consists
of mild to moderate sloping wooded mountain terrain. No observations of
sediment could be made. The water was clear and free of debris.

6. Downstream Channel: The channel immediately beyond the outlet had
mild slopes up to 12 feet in height, then steep slopes to the left and no
change in slope to the right. No erosion was observed in the downstream
area. No homes are in the apparent flood plain.

7. Instrumentation: A staff gage was located on the intake structure
to allow visual readings of elevation variances from normal pool elevation.

1
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Februa-y 23, 1953

PREL.hDARY ORANDUM ON GE=OGICAL CCDITIONS AT A

PROPOSD DAM STE O STONY CREZK, wAR BEDFC1D, VA.

On Thursday, February 19, 1953, the uriter in company with

Mr. R. W. Martin, Mr. 14oNutt, and Mfr. Dodl made a preliminary

study of pottbilities fr ipounding surface water for a now

scum of supply for the Toun of Bedford. The area investigated

Iles in the valley of Staq Creek a short distance upstream from

the Pesent iL1 reserver. Two ites wre discussed in tbe

fields am dam site is $ut uputream frcs the nortber bondary of

a tract owned by the Town and is situated on the Goss landl another

da site being co sidered would arose the valley at a point above

a sm ostea7 situatod alol the west side of the valley botton.

These be rer to, spectlve, a the loer and upper

sates.

Df SM dto.- Of the two locations considered, the upper site

is definitely the les desirable one. A dam across the valley at this

location would have to be about 600 feet long, cr about twice the length

required at the lower location. At the upper locatian, the possibilities

fo a suitable spilwa and for convenient anchoring of the stricture

seiast the valley walls are poor. The ajor objection to the upper

site is that its utilisation would entail costly excavation down through

the alluviated floor of the valley over a length of at least 600 feet,



in a location where there is every indication of a thick and continuous

alluvial cover all the way across the valley. This material would, of

courso, have to be completely penetrated and cut off by a trench down

into the bedrock, in order to Insure again-st leakage from the propccd

reservoir. The considerable excavation that would be entailed by this

procedure would be costly.

The lover site.- The bedrock at the lower vita is a vawsive

dark-colored greenlsh-gray rock composed largely of hornblende and

plagloclass feldspar, which has been called Lynchburg gneiss. The

rock is sufficiently basic to weather down to a bright reddish-brown

soil which is relatively dense, plastic, and water-tight. Exposures

alog the east aide of the Stony Creek road indicate two major joint

patterns in the bedrock. On pattern or system follow the rift of

the rk and strikes 1. ' e 1. with a dip of 55-750 S1. The other system

of regular fractues strikes about .300 W. and is nearly vertical. The

seond system is not as woll developed as the first and joints in the

ifner syctes are offset by the rift joints. There Is some aino

evidene of horizontal or sheeting Joints in the rock in oe exposure

ugtrm from the lmr @ite. The rocky character of th east valley

val1 IUtcates beyd an questIon that bedrock is practicalny at the

nsfaoe, The sp Just vest of Stony Creek at the lower site does not

appear to be a hi composed of gravelly alluvium or loose blocks of

slid oak. The surface indications are lain that this hill has a core

of massive gneiss like that which is wel exposed along the east val of the

valley. The soil on this spur is definitely residual and muct grade

down within a few feet into gneiss. This condition is of major iwor-

tamoe in evaluating this particular site for a dam, because the spur

offers not only a suitable place for a spillway but also serves to



but remained to be so deeply weathered---and this in an area where
so great topographic relief wo-ld be expected to so accelerate the
flow of streams as to flush away all loose rock.

If the spur in which the west end of the dam is to be founded
were an aggregation of fresh boulders, it would be a most unsuitable I,:

anchor for a dam, because the interstices between the boulders would
be unfilled with impervious clay. Such clay as does occur in the
interstices between the weathered boulders of the mantle composing this
spur could only have been formed where it now is. Indeed, the clay
exhibits much of the texture of tie crystalline rocks from which it was
formed by chemical weathering. The conversion of the abundant calcic
feldspar in the boulders during weathering into clay has served to
plug the voids that surely must have existed w!nen the boulder deposit
was fresh.

For all practical purposes, the spur to be used as an anchor for
the west end of the dam is Just as suitable a tie-point for the pro-
posed structure as if it were a normally derived, truly residual mass
formed from the chemical decay of the indigenous bedrock. This is
one of the most important and critical conclusions drawn from tne borings.

The cobble-strmw flat stretching from the toe of the spur de-
scribed above over to the road along the creek was shown by Hole 2
and by subsequent excavations made with a "claa-shell" to be a neatly
imbricated mass of river cobbles attaining a maxima thickness of about
27 feet. The bore hole and the excavation made with the "clan-shell"
nhow that the boulders rest upon fresh bedrock with the deepest or
thicklt point of the boulder deposit being at the approxmate locus
of Hole 2. The high permeability and coarseness of the boulder deposit
means that the excavation for the dam most be carried down through the
gravel-cobble deposit and into bedrock. The neat lubrication of the
rivwr stones belo creek level will facilitate excavation of the material
and permit ret ntion of a fairly well defined trench or cut-off ditch
across the deposit to be used for back-filling with clay of Class A grade.

The thick river deposit at the dam site is another anomalous aspect
of the dam site and reservoir area. In a region of so ragged relief, it
would be expected that the surface stream would be actively eroding the
bedrock. Ut so with Stony Creek. In former times, probably when the
climate was colder and there was more precipitation in its watershed, Stony
Creek excavated a channel in the bedrock, but later with diminution in
flow and lessening of its transporting capacity deposited in its old
channel the deposit of boulders and cobbles encountered at Hole 2 and
in the "clam-shell" excavations. Probably, when the present type of
climate started to prevail, the deposition of boulders in the old, deeper
channel of the stream was rapidly effected.

To swuniarize, rigorous mechaniual weathering and mass-wastage of
the crystalline rocks on the Peaks of Otter, which possibly existed
d-iing some early part of the Great Ice Age, created a great colluvial
derosit at the base of the mountains which gradually crowded Jtony Creek
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farther and farth-r southeastward ir.til the stream tbecane wedged against

the base of Suck Mountain. In this :osition, the stream gradually under-

cut 3uck Mountain, oversteepened the northwest slopes of that mointain,
and thereby caused the ledge-rock tc slide in large chinks or pidces down

into the creek bed. These pi eces, lar.er than the stream coald possibly

move, W. have served as baffles promoting deposition of the boulders

composing the alluvial dyo.sit below stream level. The enormous mass of

slide rock off of the Leaks of Otter has undergone thorough chemical
weathering and has transformed the once permeable mass, or at least the

part involved in the yroosed reservoir and dam, into an impervious and
mechanically stable fill which will serve effectively as a good and safe
tie point for the proposed structure.

iSuinary of Core Hole Data

Holes drilled into bedrock wall on luck Mountain side of valley.-

Holes 4 and 5 found tight and relatively joint-free impermeable bedrock
at hole depths of 7 and 8 feet respectively. For Hole 5, this means that
back into the face of Swik Mountain lateral excavations to firm and tight

bedrock will have to be carried only 8 feet. Hole 4 indicates that the

sam type of bedrock will be ancot-tered at an elevation of about 5 feet
below road level. The east end of the proposed dam, therefore, will be
assured of a good rock anchor which will be too tight to allow appreciable
piydg of water around that end of the impounding structure.

hule 6 driLled an a 15-foot monolithic slab of rock, presumably derived
from a slide off Suck Mountain, penetrated the boulder at a depth of about

51 feet to encounter river cobbles down to about 25 feet where bedrock
begins. Hole 2 shove 27 feet of river cobbles resting on fresh bedrock.

Hole 8 near the eastern toe ' the spur in which the west and of the dam
will be founded shows tight clay down to 23 feet. This clay includes

Dom soft crumbly residual boulders. The undisturbed material down to
23J fe will be reasonably water-tight, but the lower 2j feet down to
where bedrock begins at 26 feet may represent a feather edge of the boulder
deposit underlying the valley flat. Excavation down to bedrock will be

necessary in order to explore this thin permeable zone and to cut it off
with a back-fill of Class A clay.

Holes 1, 3, and 7 higher on the spur show the thickness of weathered
colluvial material to be as great as 51 feet. Dry samples of the soil

from Holes 7 and 8 indicate impermeable material resulting from the
thorough chemical decay of the criginally colluvial deposit.

Cross section accompanying this revort indicates the types of nuiterial
occurring along the center line and the rrobable contour of the fresh
bedrock below the weathered boulder ,le jit and below the stream fill.
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Porrow Area For Class A ;.nd F ,'aterial

Investigation of the clay in the small open ravine to the west of
the dam was done by hand auger. Thicknesses of f..-rly heavy, compactible
dense clay appear to range up to about 11 or 12 feet, with -,verage thick-
ness of about 7 feet. A representative sample of this clay, probably
the best grade present in the proposed borrow area, was iollected and
sent to Froehling and obertson, Inc., for soil analysis. The borrow
area can be ex:.ected to show some boulders, and probably some exploratory
dig.ng with a power shovel or scoops will be necessary to determine where
a large enough section can be worked as a unit to allow mechanized panning
of the material. It should be anticipated that the area of borrow will
have to range up to 1800 feet away from the dam. A number of pits will
have to be used, certainly including some in the old orchard area just so..thwest
of the main are^ w-r_ materia.l il bo borrowed.

In general, it can be expected that the best grade of material will
directly underlie the top soil, with Class B material under the top 3 or
4 feet of A material.

Spillway Section of Dam

The borings done near the proposed location of the spillway indi-
cate that the spillw will have to oe founded on weathered boulder clay
rather than on bedrock. The clayey nature of the material will require
consi :eration in designing the spillway apron, and areas below the concrete
slabs of the spillway will havo to be covered with coarse rip-rap to
prer.ent ermsion.

Placing of Class A Clay

After the river-cobble deposit has been breached with a clam-shell,
the bedrock surface should be roughened sufficiently to insure a good
bond )f the corewli clay with the rock. The same goes for the eastern
abatawt of the dam, except that some actual excavation into the bedrock
will be necessary to form an effective cut-off. Probably the bottom of the
valley can be excavated in tw sections in order to deal with the stream
effectively. A modified well-point system may be useful in dewatering
the river-cobble deposit during excavation.

S.e dal care should be taken to carry the Class A material westward
into the spur to such a point that any loose perviou material such as
found from 23J to 26 feet in Hole 8 is cut off, and in addition either
Class A or the best grade of B material should be used for the entire
western part of the B section of the dam which wraps around the toe of
.h* spur and extends well back of the .:rojecting end of the sp In
this section of the upstream fill, excavation down to bedrock should
be undertaken over a width of at least 30 feet. This excavation would
not disturb the toe of the spir but wculd flank the spar on the north.
Sufficient material should be stripped off tht, north side of the spir
to get down to tight clay which -ill bond reaiily wl th the fill of the
best grade of 3 -aterial.
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2onclusions Ci The -Zxplortions

-:xploration and borings rinde after siai3%lon of the pre-
liminary eological reoort indicote decidedly anus-ial ouar:'.ce o:-
Jttions in the area -f the pro.%,scd ,tractire. Theos cordit.'laS i
not vitiate the site to iny appreciable dee.ree, but thuy rather indi-
cate that some extra care must be taken to insure a safe and effective
cut-off of circulation through the boulder d.;-,it below creek level
extending westward possibly onto the very tip end of the toe of the
srur in which the west end of the dam will be founded.

Theborrow material probably cannot be obtained withouit encountering
boulders, but these should not be io numernus as to caase serious trouble
in panniz4 the Class A and B material. Some searching eround in the
exte@,sive area of proposed borrow may b, necessary to determine where
a reasonably large quantity of good material can be obtained readily.
The fact that the Class A -iateri&a will e'.pectably overlie the B clay
will Yuan that strip panning rather than shovel excavation of the clay
will, be the more feasible.

In view of all the unexpected sit iations encountered, doubt may
=dot in some quarters as to the suitability of the site explored. It t

mhould be be mphasized that no boring or otoer exploration work has
revealed a codition that cannot be dealt with effectively and without
any unusual axpense. The worst condition, namely, the boulder d; osut
below creek level, is narrower at the provosed dam site than at any
point farther upstream. Therefore, the amount of troublesome excavation
w.'l be less at the proposed site than at any other that might be utili-
zed farther upstream. The alternative site farther upstream wuld entail
penetration of river cobbles over a width of about 6 feet whereas at
the proposed site the width is barely 220 feet.

It is believed that every possible adverse condition has been thorou ;Kly
investigated and the site found to be usable and the most desirable one ir
the valley of Stony Creek.

e spectfully sbmitted,

April 10, 1954IL

In Triplicate
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REPORT ON EARTH RESISTIVITY SURVEYS
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REPORT ON -AITH HESISTIVITY XRVYS AT POFPOS D DAM SITE

ON STOJEY CHEEK, NEAR BEDFCRD, VIRGINIA

Duaring three days in late November and early December, earth

resistivity survey lines were run along lines 1-25 left, 0 -50 left,

and the Base Line for the purpose of determining the depth and pro-

le of the contact between the soil and bedrock. Two additional

depth determination@ were made on the southwest side of the valley

investigated. The loc:.ions of stations and pmofiles to bedrock

are shown oan the accoap ing maps and sketches. The su'veys were

run along lines of the grid layout of the preliminary survey of

the dam site, and some of the lines were extended beyond the limits

, f the preliminay saurvey, in order to prospect a larger area as a

possible borrow area for Class A ar.A (Ilass B material.

The surveys Agest that in the area back of the old barn

as the hillside the.average depth to bedrock is about 12 foet,

of htbich the upper 6 feet is probably good plastic compactible clay

suitable for use in the core wall of the proposed dam. The lower

6 feet of the soil is probably too granular and rocky for use as

Class A clay but would probably be stisfactory for Class B material.

Considering the area prospected in this survey, approximately 18,000

cubic yards of Class A clay is believed to be recoverable from a tract

of approximately 2.1 acres back of the barn cn tht hillside. This

area could be enlarged westward to increase the yardage of clay to

perhape 25,000 yards, but probably not ma. ch more than this aniount.
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An additional solirce of borrow material is situated approximately

300 feet south-south east of the upstream ead of the principal 2.1-acre

borrow area, on the opposite side of the valley just uphill from an old

orchard. Two depth determinations on thickness of the soil and mantle

rock were made in this area, which indicate api'roximately 10 feet to

bedrock.

The earth resistivity surveys do not, of course, determine the

precise physical characteristics of the clays on top of the bedrock.

Therefore it is auggested that three test pit& be dug to determine

the actual nature of the soil in critical parts oat the area surveyed,

as follows: (1) at 9-50 on line 0-50 left; (2) at 7-50 along line

1-50 left;and (3) at the ege of the orchard on the opposite side of

the valley frcs the principal borrow area. These test pits will give

a better understanding of the precise character of the clays in this

general area and the proportion of Class A material to the other grades

of material.

The tentative center line crosses the old lane at about 7-W0 and

frm 450 to 700, the center line follow$ the crown of the projecting

,wr of ground that is to be used for anchoring the proposed dam. In

this sector, i. s. downhill from the point where the centerline crosses

the old lane, the earth resistivity survey line corroborates the previous

inference I made that the spur is actutlly a hill of bedrock which makes

an ideal cut-off for anchoring the proposed dam. The measurements made

indicate thAt bedrock is within 6 to 14 feet of the surface. I bnlieve th,.t

the results of the survey are mfficiently 'efinite to take as -!ta bl-shed

fact withoit the necessity of core-drilling, but one core hole omewjere

along the centcrline as finally i-terrrined shotil! be pt own to ot- 'A.ine
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the nature and o~curence of joints in the bedrock ana the degree of

disintegration of the bedrock in the core of the proJecting spur on

which the dam will be located.

The occurrence of bedrock at stream level alung the present

tentative center line some sufficiently well established that it

need not be core-drilled. However, at least two and possibly three

horizontal core holes 3ho'tld be driven into the rock wall just to the

east of the road. As previously mentioned, there are two rather well-

developed systena of intersecting joints which conceivably could pipe

impounded water aowimd the east end of the dam if the sets were open

joints. I believe it wuld be reasonable to restrict the amount of

core drilling t@ 450 to 500 feet, in view of the considerable infor-

mation alroeay obtained.

It appears to me that the tentative center line should be rotated

so that the section wast of the creek is moved northward so as to lie

entirely to the north of the old lane. Whom the final determination

of the center lne is madej, it wmld be advisable to run an earth

reistivity survey line right up the spur all the way to the highest

prtjeted water level. This could aoily be done in one day's time.

As oo. as the test pits are dag. I think I should examine the clay

and collect samples for physical tests. It is possible that I am over-

estimating the quantity of lass A material, but the curves plotted

by the Moore's eimation method and the square roots of the individual

s mation points indicated a break in the resistivity curve at a depth

of 5 to 6 feet. This break is presumed to be the point of change frog

good clay down into granular residuum and weathered bedrock. If this

presuption is not borne out by *he sections exposed in the suR,:ested

++444- T ++ + ++++ ++ ++ ,' . . . ........ X
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test pits, some revision ill have to be made in the estimated quantities

of Class A material available in the 2.1-acre tract that was prospected.

The borrow areas are bound to contain a good many boulders of bedrock,

but I do not believe that these will be sufficiently numerous to interfere

with panning out the clay.

I did not anticipate that the work oatlined to you would involve

three days of work, but an additional day had to be spent in extending

sce of the lines a sufficient distance to outline that needed for

borrow. The second lay after Thanksgiving that Dr. Sears worked at the

dam site, the helper to be supplied by the town failed to show up for

Xwork, and the umreying could not be done as rapidly as usual. I wa

a little disappointed at the relatively shallow depth of the clay down

to the first break, i. s. the thickness of Clase A material, and felt

it advisable to go back to the area and map oat extensiona of the F

survey lines in order to explore a larger borrow area than we originally

conxmplated. Although I have not yet heard how such yardage will be

required for the entire job, I am fairly certain that the main borrow

area wi not meet all your needs. Thus I felt it advisable to explore

the aea back of the old orchard on the opposite side of the Valley.

Tha charges for the work done are enumerated on the accompanying

Abeet.

Respectfully sutaitted,

If

4t
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FALWELL WELL CORPORATION

CO-P--- wAYS WELL DRILLING
sox 007 PH44 3-7760 OTATR

313 CAP66-... AVUNU

L.VNCOMUO. VIRGINIA

April 8, 1954

Viley and Wilson
Church Street
Lynchburg, Virginia
Attention: Mr. R.1. MeNutt, Jr. Re: Test Drilling - Proposed

Dan Site - Bedford, Virginia

Dear Mr. Mcutt:

10 completion of our core drilling at the new proposed dam site for
the town of Bedford we are below listing the formation encounteredin our drilling.

Test Rl

ar e to this as No. 1 as it was the first hole that we
put down and is located half m) up the hill between the creek and
the top of the hill.)

Frm 5 ft. tolO ft. -- clay
om10 ft. to 42 ft.- Sand and Bolders

Fromi 2 ft. to 45 ft.- Top of Ledge Rock
Frm 5 ft. to 50 ft.-- Ledge Rock

Test Role No 2
IT5 Iee was drilled on the edge of the creek Itself and we found
the following.)

re5 ft. to 27 ft.-- Sand and Bolders
27 ft.--...... Top of 3 ft. Bolder
30 ft. - . Botto of 3 ft. Bolder
31 ft. - - - - - - - Small Bolder and Sand
32 ft. to 38 ft.. Ledge Rock

Toot Kole No. I
TMS hole was at the top of the hill and if you will recall this is
the hole that we took the wash samples on which were not satisfactory
and we moved off and we moved back and took tie spoon samples which
were satisfactory to Dr. Cooper and others.)

Cont'd.

" str Mlfinia' Lardo Dri/ww'"
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FALWELL WELL CORPORATION

COMPM-EU= WATGM WELL DR I LLI N G DIAMONo coma

e*eSwoMs CONNACONO

sox 4007 P"0144 2.7730
9708 CAMPOULL AVKIUU

LYNCHOUNG. VIRGINIA

Wiley and Wilson Page III April 8. 195h

Asyou know all of the spoon samples that we took were turned over
to Dr. Cooper and he took these samples back to Blacksburg. All
of the rock core that we took on these jobs we now have in a core
box in our ware house here and we will keep them in a safe place.
Of course, upon your request we can deliver these cores to you at
any time. We are holding in our files the logs from day to day which
were turned in by the driller and we can go into greater detail
if you so request.

We regret very much that this job took considerably longer than we
had antleipated, however, an you know it was a rather difficult job
and of cour8o it is Impossible to make as such time on a job of this
kind as we would like.

Trusting that the above mets with your approval and any time that
we can be of further service to you please do not hesitate to call

Very truly yours,

FALWELU WLL CORPORATION

W. Calvin Falwell

WC1F/bt

-36
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-,GenhzJ T/Uftima' Largenu DyiU.,"u"
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APPENDIX VI

STABILITY ANALYSES AND MINIMAL HYDRAULIC/HYDROLOGIC
DESIGN CALCULATIONS
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