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v 20, Abstract
H
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 Off'ice 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
inveastigation 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
hydrauvlic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The engineering techniques employed glve a reasonably
accurate assesxmant of the conditions of the dam. It shorld be
realized that certain engineering aspects cannot be fully analyzed
durirz 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,
hydraulice/hydrologic data of the watershed, dam stability, visuval

inspection report and an assessment including required remedial
neasures.
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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 high. The dam is owned and operated by the city of Bedfo.l,
Virginia, and supplies water to the city of Bedford. The dam is classified
as an intermadiate 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 lcvels 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 l6-inch water supply pipe by means of
gravity to a filtration plant several miles downstream. The dam is located
on Stony Cresk about 3.4 miles upstream of Xelso 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.

Submi tted Byériginal slgnod by Approved By: Ul'g.nmii signed by
JAMUS A. WALSH Moaglas L. Waller
JAMES A. WALSH, P.E.

DOUGLAS L. HALLEK
Colonel, Corps of Lagineers
District Engineer

Chief, Cesign Branch

Recommended By:
Original cfgved by,
TANG ML GOORAIN
ZANE M. GOODWIN, P.E.
Chief, Engineering Divisioun
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SECTION 1 ‘3
PROJECI INFORMATION :
b3
1.1 General: _é
P
1.1.1 Authority: Public Law 92-367, 8 Aug 72, authorized the g
Secretary of the Army, through the Corps of Engineers, to initiate a ‘§
national program of safety inspections of dams throughout the United s
States. The Norfolk District has been assigned the responsibility of L
1 supervising the inspection of dams in the Commonwealth of Virginia. .
a‘ R . {Ir’.é
4 1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I b
& inspection according to the Recommended Guidelines for Safety Imspection P
% of Dams (Appendix VII, Reference 4). The main responsibility i1s to F:
; expeditiously identify those dams which may be a potential hazard to ¥
k. human life or property. ﬁ?
B .
[} Y
f— 1.2 Project Description: éﬁ
Z}’ 1.2,1 Dam and Appurtenances: Bedford Reservoir Dam is an earth ﬁ
43 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 )
b slope has | vertical to 3 horizontal (1:3) slope with riprap protection |%
k: from elevation 1358.0 to 1371.0 feet m.s.l, The downstream slope has a v
i (1:2.5) slope and is benched at elevations 1363.5, 1348.5, and 1333.5 to X
> accommodate a surface drainage system consisting of catch basins and P4
3 underground conduits. ‘ ?
§ The embankment has an impervious core keyed into foundation bedrock ;o
] and an intricate foundation drainage system consisting of blanket and toe %g
drains. Plan views and profiles of the embankment, with the surface and 3
foundation drains, are shown on Drawings 2 and 14, Appendix I, i
respectively, ;;
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

RS

gserved 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 structurs to allow discharge
into the stream below the dam. Water flows from the intake structure by ;
gravity through a l6-inch water supply pipe locatad within the tunnel. -
This water flows to a filtration plant several miles downstream.
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The emergency spillway is a c¢oncrete 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 ome l4d-inch drain that controls flow from areas to the right of
the spillway.

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 stricture, then permits withdrawal
of water from the bottom of the reservor if the 30-inch by 30-inch
discharge 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"
sige 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
ounly 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 Historv: 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 concrece was
placed adjacent to the flashboards on the discharge channel side in 1975.

1.2.8 Normal Cperational Procedures: Water is withdrawn from the
reservoir through a three level inteke system to supply the city of
Bedford, Virginia. A 30-inch by 30-inch discharge sluice gate 1s 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 ares of 6.0 square
miles,
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1.3.2 Discha:ge 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 1n the follow table:

Table 1.1 DAM AND RESERVOIR DATA

Elevation Reservoir
Elevation Capacity
feet, Area, Acre- Watershed, Length,
ltem m.s, 1, acres feet inches miles
Top of dam 1378.0 40 760 2.4 N
Emergency spillway crest 1369.0 28 455 1.4 .3
Streambed 1315+ - - - -
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SECTION 2

ENGINEERING DATA

2.1 Design: 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 Geologicsl Conditions at a Proposed
Dam Site on Stony Creek, New Bedford, Virginia," by Byron N. Cooper,
February 23, 1953, Appendix 1IV.

¢. '"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 recommendations 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,

£. 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.
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SECTION 3

VISUAL INSPECTION

3.1 Findings:

3.1.1 General: The vesults 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 astructure performed by Virginia State Police divera, 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 intske structure
were made from the embankment and no deterioration was noted, The

discharge tumnel 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 folTowing deficiencies: portions of the flashboards are missing near

the right abutment, a tree is growing out of one joint, the riprapped
discharge channel has 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 l6-inch water supply
pipe and the partially opened discharge 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 WarniQ% System: At the present time, there is no warning system
or evacuation plan in operationm,

4.4 Evaluation: The dam does not require an elaborate operational
and maintenance procedure. However, an annual maintenance and inspection

program should be initiated to help detect and control problems that may
occur.
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SECTION 5
HYDRAULIC/RYDROLOGIC DESIGN
5.1 Design: Design calculations for the dam and spillway are on file
at the owner's office.

5.2 Hydrologic Records: None were availavle.

5.3 Flood Experience: The maximum observed flood reached was
approximately 1 foot high in the ungated spillway or elevation 1370.0.

5.4 Flood Potential: The Probable Maximum Flood (PMF', i1/2 PMFf, and
100-Year Flood were developed and routed through the rese voir by use of
the HEC-1DB 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 nnit hydrograph was
obtained from U.,S, Weather Bureau Publications (Reference 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 Regylation: Pertinent dam and resevvoir data are shown
in Table 1.1.

Regulation of flow from the reservoir has been set to allow water to
enter the upper two lé-inch intakes and collect within the intake
structure, Flow occurs through a l6-inch water supply pipe to the
filtration plant and occurs through the partially open discharge sluica
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
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Table 5.1 RESERVOIR PERFORMANCE

Normal Hydrograph
Item Flow 100-Year 1/ 1/2 PMF pMF 2/
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.1, - 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+ - - -

17 The 100-Year Flood (I percent Exceedence Frequency Flood) has 1 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 essentially dewater the reservoir in less than 1 day.

5.8 Evaluation: Based on the size (intermediate) and hazard
classification (significant) the recommended 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.

5«2
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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 overlyirng 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
ungsted 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
recomnendations for embankment materials. The test borings by Farwell Well
Corporation are believad 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 @ = 24° and C = 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

1V:2.5H Slope 1.49
3, Horizontal Shear in

Upstream Portion (Sudden

Drawdown, Worst Condition)

1V:3H Slope 1.0

1V:3.5H Slope 1.18
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@ Based on the analyses, an upstream slope of 1V:3,5H and downstream slope

k of 1V:2,.5H were recommended for design. A copy of the calculations are

¥ provided in Appendix VI,

9 6.2.3 Seismic Stability: The dam is located in Seismic Zone 2.

o Therefore, according to the Recommended Guidelines for Safety Inspection

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

E static stability conditions are satisfactory and conventional safety ;
3 margins exist. |
§ 6.3 Evaluation: There are no available soil testing records to i
i verify the assumed soil parameters. Also, the dam has an upstream slope

? of 1V:3H which, based on the analyses, is not adequate according to the

A recommended design. i
9 :
f However, the visual inspection revealed no evidence of instability or

E stress of the embankment; therefore, the dam is considered stable and

¥ adequate for normal pool operations. But it is recommended that the

E 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 nc 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
1V: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:

8. 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,
¢. Cut the tree growing in the emergency spillway.

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

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,
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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 Tong. 7933.0 :
Date of Inspection: 1 December 1978

Weather: Fair

Temperature: 459 F

Pool Elevation at Time of Inspection: 1362.75 m.s.l.
Tailwater at Time of Inspection: 1316+ m.s.l.

paey

TR

Norfolk District Inspection Personnel:

-ew

*

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

i
¢!

Other attendeess:

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 v

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 iphibiting 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 Alignment: The vertical and horizontal alignment of the dam did
not deviate %rom the as-built drawings.

2.5 Riprap: No riprap failures were found on the upstream face of
the dam,
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% 2.6 Junctions: No problems were observed at the junctions of the é%
E embankment and left abutment, and spillway and dam. Vi
é 2.7 Seepage: No seepage was observed. ?
K
H 2.8 Drains: -
7 .-'
i 2.8.1 Surface Drains: Several of the drains were plugged with debris. P
5 f
: 2.8.2 Foundation Drains: The drains were not observable during the [ &
;7 investigation, It was noted from the drawings that the blanket drains drain ”ﬁ
4 into the surface drainage system. It is not clear where the toe drain empties. P
f At the time of the inspection, the 12-inch and 15-inch pipes discharging into (3
k! the outlet works were submerged. The 12-inch pipe appeared to be flowing full i
b and flow was evident from the 15-inch pipe. %
3 3. Water Works: i
e - 4
i 3.1 }Etake Structure: There is no access to the intake structure from ‘%
E the dam. The structure is concrete and showed no visible signs of fﬁ
o deterioration, An inclosed structure sits on top the intake prohibiting iy
4 ’ observation of shafts used to operate sluice gates, No determinations of the ﬁg
3 intake structure could be made during the inspection. State Police divers o
f found no problems during inspection in the fall of 1977, Fﬁ
P Y
> . . . 2
= 3.2 Outlet Works: A 30-inch by 30-inch sluice gate serves as the f@
‘ principal spillway by connecting the intake and the discharge tunnel. The ?@
'y gate is opened partially allowing flow downstream. The tunnel dimensions are :
3 6 feet wide and 5 feet high with a 30-inch by 30-inch opening in a bricked 95
f wall at the discharge end, Flow through a 16~inch water supply pipe could not ;
-i be determined. A wooden plug was missing from 16~inch outlet., There was a ;
k: 2-inch coating of iron bacteria in the outlet and downstream channel. .
3 ?
% 3.3 Outlet Channel: A discharge channel extends from the toe of che dam Lk
: to approximately 20 feet downstream., Wing walls and large boulders line the j
f channel which is approximately 3 feet deep near center of channel just below :
4 the exit channel of the discharge tunnel. The tailwater was approximately 0.5 e
: feet below the tunnel discharge invert. A large quantity of iron bacteria was .
¢ observed in the discharge tunnel and in the downstream channel area, b
] :
'i 4. Emergency Spillway: The spillway is a concrete side-channel located 5
1 to the right of the earthen embankment, Flashboards were added in 1966 and :
g concrete reinforcement for the flashboards in 1975, which raised the normal :
H pool elevation to 1369.0. Portions of the flashboards are missing near the :
B right abutment. The concrete discharge channel appeared in good condition,
i
i
[+
§
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!
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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 wita patching apparent. A tree is

growing out of a joint in the left channel wall at about Statiom 2 + 90.

The drain discharging into the channel at about Station 4 + 85 was flowing
freely with clear water.

about Station 5 + 25.

A pile of soil is resting in the right wall at
with clear water,

The left wall subsurface drain was flowing freely

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.
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PRELIMINARY MEMORANDUM ON GEOLOGICAL CONDITIONS
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BLACKSBURD, VIRGINIA
axBIOENCE
v.® 1. 0GR 100 COUNTAY CLUW OWIVE
B30} EXY. 300 sT3e

February 23, 1953

PRELIMINARY MEMORANDUM ON GEQLOGICAL CONDITIONS AT A
PROPOSED DAM SITE ON STONY CREEX, NFAR BEDFCRD, VA,

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

Mr, R, ¥, Martin, Mr, McNutt, and Mr, Dodl made a preliminary

study of posxibilities for impounding surface water for a new

souroe of supply for the Town of Bedfard, The area investigated rf
i
3

1300 in the valley of Stomy Creek a short distance upstream from

the present smll reservoir, Two sites were discussed in the

field; one dam site is just upstream from the northern boundary of
a tract owned by the Towm and is situated on the Gross land; another

den site being considered would crose the valley at a paint above

s smll oemstery situatsd along the west side of the valley bottom,

Thess sitoa will de referred to, respectively, as the lower and upper
sites,
Ibe upvey site.- Of the two locations considered, the upper site
is definitely the less desirable cne, A dam across the valley at this
location would have to be about 600 feet long, or about twioce the length
required at the lower location, At the upper location, the possibilities
for a suitable spillway and far convenient anchoring sf the structure

sgainst the valley walls are poar, The major cbjection to the upper
site is that its utilization would entail costly excavation down through

the alluriated floor of the velley over a length of at least 600 feet,
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in a Jocation where there is every indication of a thick and continuous

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

course, have to be completely penetrated and cut off by a trench down
into the badrock, in order to insure against leskage freom th= rropcced

reservolr, The considerable excavation that would be entailed by this
procedure would be costly,

The lower sits.. The bedrock at the lower s2ita is a rassive
dark-colored greenish-gray rock composed largely of harnblende and
plagioclass feldspar,vhich has been called Lynchburg gneiss, The
rock is sufficiently basic to weather down to a bright reddish-brown
soil vhich is relatively denss, olastic, and water-tight, Exposures
along the east side of the Stonmy Creek roed indicate two major joint
patterns in the bedrock, One pettern or system follows the rift of
tha rock end strikes N, -0° E, with a aip of 55-75° SE, The other system

of regulsr fractures strikes about ¥,30° W, and is nearly vertical, The
sscond system is not as well developed as the first and joints in the
uingr system are offset by the rift joints, There is some minar
evidenoce of harizontal or sheeting joints in the rock in one exposure
upstreem from the lower site, The rocky character of the east valley
wvall indicstes beyomd any question that bedrock is practically at the
sarface, The spur just west of Stomy Creek at the lower site does not
appear to be & hill camposed of gravelly alluvium or loose blocks of
sliderock, The surface indications are plain that this hill has a cere
of massive gneiss like that which i: well exposed along the east wall of the

valley, The soil on this spur is definitely residual and murt grade

down within a fev feet into gneiss, This condition is of major impor-

tance in evaluating this particular site far a dam, because the spur

offers not only a suitabls place for a spillvay but also serves to
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but remained to te so deeply weathered-—-——and this in an area where
30 great topographic rel:ef would be expected to s0 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 aggrezation of fresh boulders, it would be a most unsuitable
anchor for a dam, becaise the interstices bstween the bouldsrs would
be unfilled with imrervious clay. Such clay as does occur in the
interstices bstween 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 the 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 voida that surely must have existed w:en 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 Jjust 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~-strewm 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 subsequemt excavations made with a “clam-shell" to be a neatly
imdbricated mass of river cobbles attaining a maximmm thickness of about
27 feet, The bore hole and the excavation made with the "clam-shell"
show that the boulders rest upon fresh bedrock with the deepest or
thickest point of the boulder deposit being at the approximate locus
of Hole 2. The high permeability and coarseness of the boulder deposit
means that the excavation for the dam must be carried down through the
gravel-cobble deposit and into bedrock. The neat imbrication of the
river stones below creek level will facilitate excavation of the material
and permit retsontion 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 ares, In a region of so rugged relief, it
would be expected that the surface streams would be actively eroding the
badrock. t s0 wdth Stony Creek. In former times, probably when the
climste was colder and theres 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 sncountered 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 summarize, rigorous mechanicel weathering and mass-wastage of
the crystalline rocks on the Peaks of Otter, which possibly existed
diring some early part of the Great Ice Age, created a great colluvial
deroait at the base of the mountains which gradually crcwded Stony Creek
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farther ani farther southesstward intil the stream tecame wedged against .
e the base cf Suck Mountain., In this rosition, the stream gradually under-
A cut Suck Mountain, oversteevened the northwest slopes of that mointain,
and theroby caused the ledge-rock tc slide in large chunks or pisces down
.{§ into the creek bed., These picces, larser than the stream could possibly O3
- move, may have served as haffles rromoting deposition of the boulders
: composing the alluvial dejosit below stresm level, The enormous mass of e
slide rock off of the iuaks of Otter has undergone thorough chemical .
weathering and has transformed the once permeable mass, or at least the
part involved in the yrorosed reservoir .nd dam, into an impervious and
mechanically stable fill which will serve effectively as a good and safe
tie point for the proposed structure,
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Sumnary of Core Hole Data
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Holes drilled into bedrock wall on Suck 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 Suck Mountain lateral excavations to firm and tight

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

same type of bedrock will be encou-tered at an elevation of about 5 feet

below road level. The east end of the proposed dam, therefors, will be

3 assured of a good rock anchor which will be too tight to allow aprreciable

piping of water around that end of the impounding structure,
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hole 6 drilled on a 15-foot monolithic slab of rock, presumably derived

from a slide off Suck Hountain, penetrated the boulder at a depth of about
53 feet to enccunter river cobbles down to about 25 feet where bedrock :
begins. Hole 2 shows 27 feet of river cobbles resting on fresh bedrock. i

PRI S N

Hole 8 near the eastern toe o the spur in which tiie west and of the dam

will be founded shows tight clay down to 23 fset. This clay includes

some %0ft crumbly residual boulders. The undisturbed material down to

234 fest will be reasonably water-tight, but the lower 2% feet down to

where bedrock begins at 26 feet may represent a feather edge of the boulder

deposit underlying the valley flat, 3xcavation down to bedrock will be

- necessary in order to explore this thin permsable zone and to cut it off ;
. with a back-fill of Class A clay.
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4 Holes 1, 3, and 7 higher on the spur show the thickness of weathered

colluvial material to be as great as 51 feet, Diy sampies of the soil .

from Holes 7 and 8 inditate impermeable material resulting from the .
thorough chemical decay of the criginally colluvial dejosit,

Croas section accompanying this reyort indicates the typas of material
occurring alcng the center line and the rrobable contour of the fresh
% bedrock below the weathered boulder Jde ‘31t and below the stream fill.
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Rorrow Area For Class A .nd B Material

Investization 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 arpear to range up to about 11 or 12 feet, with average thick-
e ness of abcut 7 feet. A representative sample of this clay, probatly
;, the best grade rresent in the proposed borrow area, was ollscted and
o sent to Froehling and ..obertson, Inc., for soil analysis., The borrow
E area can be ex;acted to show some boulders, and probably som- explorsatory
5 ) digring with a power shovel or scoops will be necussary to determine where
a large enough section can be worked as a unit to allow mechanized panning
of the meterial, It should bde anticipated that the area of borrow will
have to range up to 1800 feet away {rom the dam. A number of pits will

have to be used, certiinly including some in the old orchard area just so.thwest
of the main area whepe materisl will bs borrowed.
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In general, it can be expected that the bast grade of material will
- directly underlie the ton soil, with Class B material under the top 3 or
4 feet of A material,

LY 'SR 4

Spillway Section of Dam

7 3 i aal -y
JORRG 4> M T A, 5

The borings done near the jroposed location of the spillway indi-
cate that the spillway will have to ve 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
prevant erosion,

2
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Placing of Class A Clay

S 3 T
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23

After the river-cobtle depasit has been breached with a clam-shell,
the bedruck surface should be roughened sufficiently to insure a good
bond 2f the corevall clay wvith the rock. The same goes for the eastern
abutmer.t. of the dam, except that some actual excavation into the bedrock
will be necessary to form an effective cut-off, lProbably the bottom of the
valley can be excavated in two sections in order to deal with the stream
offectively. A modified well-point system may be useful in dewatering
the river~-cobble deposit during excavation,.
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Spe 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 23% 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
the spur and extends well back of the projecting end of the spur, 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 spur but would flank the spur on the north.
Sufficlent material should be stripped off the north side of %ae apur

! to get down to tight clay which will bond rea1ily with the fill of the
; best grade of 3 -aterial.
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“onclusiony i The Zxplorations

Jxploration and borings made aftoer sulmission of the pre-
liminary seological retort indicate Jdecidedly unusial sutsurfoce con-
Jitions in the area »f the pro vscd tructure. These corditions Jdo
not vitiate the site to sny appreciable depree, but they rather indi-
cate that some extra care must be taken to insure a safe and effective
cut-off of clrculation through the boulder de;vsit bulow creek level
extending westward possibly onto the very tip ond of thu toe of the
stur in which the west end of the dam will be founded,

Theborrow material rrobably cannot be obtained without encountering
boulders, but these should not be Jo0 numernus as to cause serious trouble
in panning the Class A and B material. Some ssarching sround in the
extei:sive aroa of proposed borrow may br necessary to determine where
a reasonably large quantity oi good material can be obtained readily.

The fact that the Class A material will e:pectably overlis the B clay

will mean that strip panning rather than shovel excavation of the clay
will be the more feasible.

In view of all the unexpected sitiations encountered, doubt may
exist in some quarters as to the suitability of the site explored, It
should be be emphasized that no boring or otiier exploration work has
revealed a condition that cannot bw dealt with effsctively and without
any unusual axpense., The worst condition, namely, the boulder de osit
beluw creek level, is narrower at the rrojosed dam site than at any
point farther upstrean. Therefore, the amount of troublesome excavation
w11 be less at the proposed site than at any other that might be utili-
ted farther upstream. The alternative site farther upstream would entail
penetration of river cobbles over a width of about 600 feet whereas at
the proposed site the width is burely 220 feet.

It is belisved that every posaible adverse condition has teen thoroughly

investigated and the site found to be usable and the most desirable one ir
the valley of Stony Creek.

Respectfully submitted,

/

April 10, 1954 N -yL{"H(M{;{&" S
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* 3 YELEAPHONE 6736

REPORT ON FAhTH RESISTIVITY XIRVEYS AT PROPOSED DAM SITE

ON STONEY CREEK, NEAR BEDFCRD, VIAGINIA

During three days in late November and early December, earth
resistivity survey lines were run along lines 1-25 left, O =50 left,
and the Base Line for the purpose of determining the depth and pro-
I1le of the contact between the soil and bedrock. Two additional
depth determinations were made on the southwest side of the valley
investigated. The loc:.“ions of stations and profiles to bedrock
ars showit on the accompsnying maps and sketches. The surveys were
ran along lines of the grid layout of the preliminary survey of
the dam site, and some of the lines were extended beyond the limits

of the preliminary survey, in order to prospect a larger ares as a
possible dorrow area for Class A ard Class B material,

The surveys suggest that in the area back of the o0ld barn
o the hillside the average depth to bedrock is about 12 foet,

of which the upper 6 feet is probadly good plastic compactible clay

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

6 fest of the s0il is rrobably too granular and rocky for use as
Class A clay but would probsbly be satisfactory for Class B material,
Considering the area prospected in this survey, apyroximately 18,000
cubic yards of Class A clay is believed to be recoverable from s tract
of approximately 2.1 acres back of the barn cn the hillside, This
area could be enlarged westward to increase the yardage of clay to

pechaps 25,000 yards, but probably not much more than this amount,

C e «zs,,f:%wi'vg
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An additional source of borrow material is situsted approximately
300 fest south-south east of the upstream erd of the principal 2.l-acre
borrow area, on the opposite side of the valley Jjust uphill from an old

orchard, Two derth determinations on thickness of the soil and mantle

,._Aﬁ_.A._._._“.—,‘_
« o

s

rock were made in this area, which indicate apjroximately 10 feet to

ko
Y

bedrock,

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

R T
-

-

pracise physical characteristics of the clays on top of the bedrock.
Therefore it is suggested that three test pits be dug to determine
the actual nature of the soil in critical parts ol the area surveyed,
as follows: (1) at 950 on line 0-50 left; (2) at 7-50 along line

1-50 left;and (3) at the edge of the orchard on the opposite side of
the valley from the principal borrow area. These test pits will give
& detter understanding of the precise character of the clays in this
general area and the proporticn of Class A material to the other grades
of material,

The tentative center line crosses the old lane at about 7-00 and
from 4L50 to 700, the center line follows the crowm of the projecting
cpar of ground that is to be used for anchoring the proposed dam. In
this sector, i, o, downhill from the point where the centerline crosses
the old lane, the earth resistivity survey line corroborates the previous
infersnce I made that the spur is actually a hill of bedrock which makes
an ideal cut-off for anchoring the proposed dam. The measurements made
indi mte that bedrock is within 6 to 14 fest of the surface. I bolieve that
the results of the survey are sufficiently definite to take as 2stablished
fact without the necessity of core-drilling, but one ccre hole .omewhere

along the centerline as finally iatermined shoul! be jut iown to detsimine




the nature and occuarrence 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 strsam level along the present
tentative center line seems sufficiently well established that it
need not be core-drilled. However, at least two and possibly three
horisontal core holes shomld be driven into the rock wall just to the
east of the road. As rreviously mentioned, there are two rather well-
developed systems of intersecting joints which conceivadbly could pipe
impounded water around the east end of the dam if the sets ware open
Joints, I believe it would be reasocnable to restrict the amount of
core drilling to 450 to 500 feet, in view of the considerable infor-
mation already obtained,

It appears to me that the tentative center line should be rotated
#0 that the section west of the creek is moved northward 20 as to lie
entirely to the north of the old lane., Whem the final determination
of the center line is made, it would be advisable to run an earth
resistivity survey line right up the spur all the way to the highest
Rrojected water level. This could easily be done in one day's time.

As soom as the test pits are dug, I think I should examine the clay
and collect samples for physical tests., It is possible that I am over-
estimating the quantity of Class A material, but the curves plotted
by the Moore's summation method and the square roots of the individual
sumsation points indicated a break in the resistivity curve at a depth
of 5 to 6 feet, This bresk is presumed to be the point of change from
good clay down into granular residuum and weathered bedrock. If this

presumption is not borne out by *he sections exposed in the sug-ested
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test pits, some revision vill have to be made in the estimated quantities
of Class A material available in the 2,l-acre tract that was prospe ted,
The borrow areas ars 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 ths work outlined to you would involve
three days of work, but an additional day had to be spent in extending
scme of the lines a sufficient distance to outline that needed for
borrow, The second day after Thanksgiving that Dr. Sears worked at the
dam site, the helper to be supplied by the town failed to show up for
work, and the surveying could not be done as rapidly as usual, I was
a little disappointed at the relatively shallow depth of the clay dowm
to the first break, i. e. the thickness of Class A material, and felt
it advisable to go back to the ares and map out extensions of the
survey lines in order to explore a larger borrow area than we originally
convamplated. Although I have not yet heard how much yardage will be
required for the entire job, I am fairly certain that the main borrow
area will not meet all your needs. Thus I felt it advisable to explore
the area back of the old orchard on the opposite side of the valley.

Tho charges for the work done are enumerated on the accompanying
sheet.

Respectfully suteitted,
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FALWELL WELL CORPORATION
COMPLETYR WATER WELL DR'LL'NG DIAMOND CORK

SYETEME CONTRACTORY
SOX 037 PHONE 8-7786

2738 CAMPEGLL AVENUE
LYNCHBURG, VIRGINIA

April 8, 1954
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Wiley and Wilson
Church Street
Lynchbdurg, Virginia

Attention: Mr. R.B. McNutt, Jr. Re: Test Drilling - Proposed
Dam Site - Bedford, Virginia

M e T

Dear Mr, McNutt:

On completion of our core drulin{ at the new proposed dam site for
the town of Bedford we are dbelow listing the formation encountered
in our drilling.

Test Hole lo% %
e are rele to this as No. 1 as it wvas the first hole that we
put down and is located half vay up the hill between the creek and

the top of the hill,)

Prom 5§ ft. to 10 ft. - - Qlay L
From 10 ft. to 42 ft.- - Sand and Bolders '
From 42 ft. to AS ft.- - Top of Ledge Rock 1
From A5 ft. to 50 ft.- - Ledge Rock i

Test Hole NWo, 2 P
{This hole was drilled on the edge of the creek itself and we found i
the following.)

Frou 5 fe. to 27 ft.
27”.----.-
30“.‘.---
3N ft. -
32 ft. to 38 ft.

Test Hole No. J
s e was at the top of the hill and {f 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.) 4

Sand and Bolders

Top of 3 ft. Bolder
Bottom of 3 ft. Bolder 1
Small Bolder and Sand

Ledge Rock

Cont'd.

“Central Virginia's Largest Drillers”’




FALWELL WELL CORPORATION
CON::::::?I' WELL DR'LL'NB DIAMOND CONK

CONTRACTORS

SOX v37 PHONGE 8-7786 1
23738 CAMPRELL AVENUE
LYNCHBURG. VIRGINIA

Wiley and Wilson Page III April 8, 1954

As you know all of the spoon samples that we tock 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.

0f course, upon your requsst 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.

g ey arod i e s B RR LRSS S SR LRSS
BRI R

4 We regret very much that this job took considerably longer than we
. had anticipated, however, as you know it was a rather difficult jod
b and of coursu it is impossible to make as much time on a job of this
i kind as we would like.

4 Trusting that the above meets with your approval and any time that
Al we can be of further service to you please do not hesitate to call
By en us,

Very truly yours,

. PALWELL WELL CORPORATION

§ ». C ol Faliratl .
: ¥. Calvin Falwell }
i
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“Uentral Virginia’s Largest Drillers’




APPENDIX VI
STABILITY ANALYSES AND MINIMAL HYDRAULIC/HYDROLOGIC
DES IGN CALCULATIONS
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APPENDIX VII
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