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0. Abstract

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

o identify expeditiously those dams which may pose hazards to human
ife or property. The assessment of the general conditions of the dam
s based upon available data and visual inspections. Detailed
nvestigation and analyses involving topographic mapping, subsurface
nvestigations, testing, and detailed computational evaluations are
eyond the scope of a Phase I investigation; however, the

nvestigation is intended to identify any need for such studies.

ased upon the field conditions at the time of the field inspection
nd all available engineering data, the Phase I report addresses the
ydraulic, hydrologic, geologic, geotechnic, and structural aspects of

The engineering techniques employed give a reasonably
ccurate assessment of the conditions of the dam. It should be
ealized that certain engineering aspects cannot be fully analyzed
uring a Phase I inspection. Assessment and remedial measures in the
eport include the requirements of additional indepth study when
ecessary.

hase I reports include project information of the dam and
ppurtenances, all existing engineering data, operational procedures,
draulic/hydrologic data of the watershed, dam stability, visual
nspection report and an assessment including required remedial
easures.
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PREFACE
This ort is prepared under guidance contained in the
Recommen Guidelines for Safety Inspection of Dams, for
Phase I Inv igations. Copies of these guidelines may be

e Office of the Chief of Engineers, Washington,
. The purpose of a Phase I investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topographic mapping, subsurface investigations testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation;¥however, the investigation is intended

to identify any_gfsg/jar 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 reser-
voir 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.

S

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 condiPion of the dam
will continue to represent the condition o
point in the future. Only through continued &Xare 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 condi-
tion. The design flood provides a measure of relative
spillway capacity and serves as an aid in determining

the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition

and the downstream damage potential. Y -

!
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam: Buffalo River No. 2
% State: Virginia
County: Amherst
U.S.G.S. 7.5 Minute Quandrangle: Forxks of Buffalo, VA
Stream: Thrashers Creek
Date of Inspection: 24 May 1979

BRIEF ASSESSMENT OF DAM

Buffalo River No. 2 Dam is a zoned, earthfill dam approximately
800 feet long and 71 feet high. The dam, located on Thrashers
Creek approximately 7.5 miles northwest of Amherst, Virginia,
is used for flood control. Buffalo River No. 2 Dam is an
"intermediate" size - "high" hazard structure as defined by

the Recommended Guidelines for Safety Inspection of Dams. i
Visual inspection and office analyses indicate no deficiencies ;
requiring emergency attention.

Using the Corps of Engineers' screening criteria for initial
review of spillway adequacy, the Probable Maximum Flood (PMF)
was selected as the spillway design flood (SDF). The Soil
Conservation Service (SCS) freeboard hydrograph (which
establishes top of dam) is essentially equal to the PMF
hydrograph. The spillways will essentially pass the PMF
without overtopping the dam, and are therefore considered
adequate.

The dam and appurtenant structures were found to be in

generally good overall condition. No conditions indicating
embankment instability were detected during the field inspection
and office analyses. The safety factors determined during
design are greater than those required for minimum accepted
stability.

It is recommended that the following remedial measures be
accomplished as part of the annual maintenance program:
remove sloughing soil near left upstream abutment and replace
| with compacted earth, grade and seed eroded bare areas and
erosion gullies on the embankment, seed and fertilize areas
with dead grass, remove debris from shoreline and gutters,
place additional riprap in the stilling basin, remove the
small tree beside impact basin, fill and seed gullies in
emergency spillway discharge channel, install a staff gage

f in the reservoir.

NAME OF DAM: BUFFALO RIVER No. 2
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PHASE I INSPECTION REPORT
N NATIONAL DAM SAFETY PROGRAM
NAME OF DAM: BUFFALO RIVER No. 2 ID #VA 00912

SECTION 1 - PROJECT INFORMATION

1.1 General 3

3.1.Y Authority: Public Law 92-367, 8 August 1972,
authorized the Secretary of the Army through
the Corps of Engineers to initiate a national
program of safety inspections of dams through-
out the United States. The Norfolk District
has been assigned the responsibility of
supervising the inspection of dams in the
Commonwealth of Virginia.

ok a2 Purpose of Inspection: The purpose is to
conduct a Phase I inspection according to the
Recommended Guidelines for Safety Inspection
of Dams. The maln responsibility 1s to
expeditiously identify those dams which may
be a potential hazard to human life or property.

1.2 Description of Project

E.2010 Description of Dam and Appurtenances: Buffalo 3
River No. 2 Dam 1s a zoned, earthfill embank- }
ment approximately 71 feet high! and 800 feet :
long witn a crest width of 14 feet. The
upstream and downstream slopes are 2.5:1
(horizontal to vertical) and the upstream
slope changes to 3:1 below a 20 foot wide
berm.

The principal spillway is a drop-inlet structure
consisting of a reinforced concrete riser

which is 3 feet wide, 9 feet long, and 35

feet high. A 36 inch reinforced concrete

pipe discharges into the stilling basin at

the toe of the downstream embankment.

S e

The emergency spillway, a 300 foot wide,
vegetated, earth side channel, is located
outside the left? abutment of the dam. The
approach channel slope is approximately 2
percent to the 30 foot long level control
section. The discharge slope of the spillway
is approximately 3 percent.

" IMeasured from downstream embankment toe to the embankment crest.
2Facing downstream.

NAME OF DAM: BUFFALO RIVER No. 2
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The principal spillway inlet is located on
either side of the riser at elevation 726.0
feet Mean Sea Level (M.S.L.). The reservoir
can be drained using the 36 inch pond drain
with manually operated sluice gate at invert
elevation 691.0 feet M.S.L. The plan and
typical sections of the dam are shown in
Plates 2 through 6.

Location: Buffalo River Dam No. 2 is located
on Thrashers Creek approximately 7.5 miles
northwest of Amherst, Virginia. A Location
Plan is included in this report.

Size Classification: The maximum height of
the dam 1s 71 feet and the reservoir storage
capacity to the top of dam elevation 759.7
feet M.S.L. is 2562 acre-feet. Therefore,

the dam is in the "intermediate" size category
as defined by the Recommended Guidelines for
Safety Inspection of Dams.

Hazard Classification: Since houses are
located less than 1/2 mile downstream, loss

of life may be possible in event of failure

of the dam. Therefore, Buffalo River No. 2

Dam is considered in the "high" hazard category
as defined by the Recommended Guidelines for
Safety Inspection of Dams. The hazard classi-
fication used to categorize dams is a function
of location only and has nothing to do with

the stability or probability of failure.

Ownership: The dam is owned by Amherst
County, Virginia.

Purpose of Dam: The dam is used for flood
control within Amherst County. The County
also has future plans for recreational use of
the dam and reservoir.

Design and Construction History: The existing
facility was designed by the Department of
Agriculture, Soil Conservation Service (SCS).
The dam, completed in 1977, was built by E.W.
Yeatts, Inc.

Normal Operational Procedures: The reservoir

1s maintained at normal pool elevation (726.0

feet M.S.L.). No formal operating procedures

are followed for the dam. For a more detailed
operating assessment, see paragraph 4.1.

NAME OF DAM: BUFFALO RIVER No. 2
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1.3 Pertinent Data

1 W | Drainage Area: The drainage area for Buffalo
River No. 2 1s 6.80 square miles.

¥.3.2 Discharge at Dam Site: The maximum discharge
at the dam site is unknown.

Principal Spillway:
Pool level at top of dam . . 219 c.f.s.

Emergency Spillway:
Pool level at top of dam . .24,300 c.f.s.

£33 Dam and Reservoir Data: Pertinent data on
the dam and reservoir are shown in the following
table:

TABLE 1.1 DAM AND RESERVOIR DATA

F Reservolr
Capacity
) Elevation Area Acre- wWatershed Length
] Item feet M.S.L. Acres feet inches feet
Top of dam 159557 109.5 2562 7.06 5600
Maximum pool, :
design surcharge 753.8 93 2002 5.52 4800
Emergency spillway crest 7505 84 1740 4.80 4300
Principal spillway crest
(normal pool) 726.0 36 %77 1.32 2200
Streambed at downstream
toe of dam 689+ - - - -

: NAME OF DAM: BUFFALO RIVER No. 2
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2.1

SECTION 2 - ENGINEERING DATA

Design: The site was investigated and the embankment
designed by the sSCS. It was found that the floodplain
on which the dam was to be constructed consisted of 3
to 7 foot thick deposits of moderately plastic silty
alluvium (ML to CH or MH soils) overlying gravelly
alluvium (GP). Bedrock is granite gneiss, granite, and
syenite. The total soil cover is up to 13 feet thick.
(For a complete geologic report, see Appendix VII.)

The silty alluvial soils were removed to provide a
stable foundation for the embankment.

The soils available for construction of the dam were
primarily residual, moderately plastic silts (MH and ML
soils) from emergency spillway excavation and borrow

areas. Lesser amounts of nonplastic silts (ML) and

sandy silts (SM) were also available. Consolidated
undrained triaxial shear tests were made on remolded
samples of the MH and nonplastic ML borrow soils,

compacted to approximately 95 percent maximum density

ard saturated. The following are the resulting parameters:

Total Stress Effective Stress
Unified £ A
Classification g c(p.s.f.) 9 c(p.S.f.)
MH 14° 725 30.5° 250
ML 18° 1650 36° 0

The original Typical Section for Compacted Fill shown
on the as-built drawings (see Plate 5) indicates tha’

the embankment was to have been constructed of two sections.

Zone I, including the cut-off trench backfill and
upstream section of the embankment, consists of the
plastic silty MH and ML soils. Zone II, the downstream
section, was built of the nonplastic ML and SM silty
and sandy silt material. All material was to have been
compacted to 95 percent maximum density, at or slightly
above optimum moisture. However, at least one modification
to this typical section was made, apparently during
construction. The as-built Revised Zoning typical
section, "Modification #4" (see Plate 6) called for
placing Zone II materials on the upstream side of the
embankment above elevation 706.0 feet M.S.L. instead of
the Zone I originally specified. (No information on
Modifications 2 and 3 were provided.) However, slope
configuration for the embankment was not changed; the
upstream slope from the base of the fill to elevation
726.5 feet M.S.L. is 3:1 with a 20 foot wide berm,
breaking to 2:1 to the crest; the downstream slopes are

NAME OF DAM: BUFFALO RIVER No. 2
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2.5:1 with a 10 foot wide berm at elevation 727.0 feet M.S.L.

During design, the SCS performed a series of stability
analyses using the Bishop and Swedish Circle Methods as
well as four Sliding Block Analyses (NAVDOCKS Method).
These analyses used the parameters for borrow materials
listed above and shear strength parameters of § =

14.5° and ¢ = 325 p.s.f. (total stress) and g = 32° and
c = 125 p.s.f. (effective stress) for the plastic silt
(ML) foundation soils. No shear tests were made on the
underlying GP gravels. They were assumed to have
sufficiently high strength to preclude failure. As

with the borrow material, parameters for the foundation
materials were obtained from unconsolidated undrained
triaxial shear tests on saturated samples. Although

the analyses were based on a slope configuration essentially
the same as that constructed, the analyses were made

for a homogeneous embankment. Full drawdown conditions
on the upstream slope and steady seepage conditions on
the downstream slope were assumed. Because the Sliding
Block Analyses showed low safety factors of 1.08 and
1.20 for the upstream and downstream slopes respectively,
a 100 foot wide berm was recommended on the upstream
embankment and a 74 foot wide berm on the downstream
side. However, an alternate recommendation for under-
cutting the weak alluvial soils in lieu of the wide
berms was chosen for construction. This resulted in
minimum safety factors of 1.36 upstream and 1.48 downstream
for the upstream and downstream slopes respectively
using the Swedish Circle Method. With the Bishop

Method, minimum safety factors of 1.37 and 1.53 were
obtained for the upstream and downstream slopes respectively.
No Sliding Block Analysis was given to determine safety
factors for a similar design.

A 20 foot wide cut-off trench to bedrock and a foundation
trench drain (c¢/b = 0.6) were constructed as recommended.
The foundation drain consists of perforated 6 inch
corrugated metal pipe.

2.2 Construction: The dam, constructed by E.W. Yeatts,
Inc., was completed in 1977. Construction records were
not available for the inspection; however, as-built
drawings were reviewed and were subsequently verified
in the field. Construction reports are on file in
Washington, District of Columbia.

2.3 OQperation: There are no formal operating records for
this dam.

NAME OF DAM: BUFFALO RIVER No. 2
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2.4 Evaluation

2.4.1

Design: The as-built drawings and design
report were available to assess all aspects
of design. The hydrologic and hydraulic data
provided was adequate for design review. The
assessments made in this report are based on

the design data along with field observations.

Construction: No construction logs were
available for review. The as-built drawings
indicate any changes or modifications that
were made during construction.

Operation: Two annual operation and maintenance

inspection reports were available for review
(see Appendix V).

NAME OF DAM: BUFFALO RIVER No. 2
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SECTION 3 - VISUAL INSPECTION

3.1 Findings

3.1.3 General: The field inspection was made on 24 §
: May 1979. The weather was overcast with ;
showers and the temperature was 65°F. The
reservoir was at normal pool elevation and
ground conditions were wet from the rain.
The embankment and appurtenant structures
were found to be in generally satisfactory
condition except for minor wet sloughing on
the upstream slope (see Photo 2), small
erosion gullies on the downstream slope, and
missing riprap stone in the stilling basin
(see Field Sketch and Photos 3 and 6). No |
major stability problem is indicated by the |
deficiencies. The following are brief |
summaries of deficiencies found during the
inspection. A Field Sketch of conditions is
shown as Plate 1. The complete visual inspec-
tion check list is given in Appendix III.

3.1.2 Dam: The embankment was found to be in
generally good condition, with no surface
cracks, serious slumps, or other indications
of structural instability either on the
embankment or at the toe. ;

The slopes are generally covered with thick
vegetation except in the wet minor slough
area (100 feet by 20 feet maximum width) on
the upstream slope 50 feet from the left
abutment and in a 5 foot to 20 foot wide
strip with gullies (0.5 foot deep). This
area is near the bench on the downstream
slope (see Field Sketch and Photo 2) approxi-
mately 5 to 10 feet above normal pool.

There are erosion gullies (1 foot to 2 feet
deep) at the extremities of the rock gutter
on the downstream left abutment. Shallow
gullies have also formed adjacent to the
lower end of the rock gutter on the right
upstream slope (see Field Sketch). There are
a few traces of small driftwood on the up-
stream shore and fallen tree branches on the
rock gutters.

No seepage was observed on the downstream
slope.

NAME OF DAM: BUFFALO RIVER No. 2
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I 1.3 Appurtenant Structures: The principal spillway
was functioning satisfactorily (see Photo 6) -
and no structural deficiencies were found on
the appurtenant structures.

slslainsnlialcclboln) . e

3.1.4 Reservoir Area: No serious deficiencies were
observed in the reservoir area. A staff gage
should be installed in the reservoir to
monitor water levels above normal pool.

3.1.5 Downstream Channel: The stilling basin and 1
outlet channel were functioning properly.
Small sections of the stone riprap have been
washed away (see Photo 6).

3.2 Evaluation: Generally, the dam and appurtenant structures
are in good condition. The wet sloughing soil and
imbedded branches near the left abutment of the upstream
slope should be removed and replaced with compacted
fill. The eroded bare areas on the slopes should be
manually graded and seeded. It is recommended that the
uncovered steep bank in the stilling basin be regraded
and stone riprap replaced. The small tree near the
impact basin should also be removed. Loose branches on
the rock gutters and driftwood on the upstream shore
can be removed as part of the regular maintenance
program.

NAME OF DAM: BUFFALO RIVER No. 2
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SECTION 4 - OPERATIONAL PROCEDURES

Procedures:

for Buffalo River No. 2 Dam.
reservoir is maintained by the orifice located on both
During periods of heavy inflow,

the excess water is diverted around the dam by means of

sides of the riser.

There are no formal operating procedures
The water level in the

the emergency spillway.

Maintenance of Dam: Annual maintenance inspections are

performed by the owner with cooperation from the local

SCs office.

Appendix V),

corrective

Maintenance of Operating Facilities:

During these visual inspections (see

maintenance.

Operation and maintenance of
the dam is the responsibility of the owner.

the operating equipment is the responsibility of the
owner. The only operational equipment on this dam are

the lift pedestal, stenm,

Warning Systems:

Evaluation:
adequate.

and sluice gate.

remedial measures are recommended

for

Maintenance of

At the present time, there is no
formal warning system or evacuation plan in operation.

Maintenance of the dam is considered

NAME OF DAM:

BUFFALO RIVER No.
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5.1

5.3

5.4

SECTION 5 - HYDRAULIC/HYDROLOGIC DATA

Design: Normal pool (elevation 726.0 feet M.S.L.) is
maintained by the crest of the concrete riser. The
riser crest elevation was established at an elevation
sufficient to store the 100-year sediment accumulation.
The crest (elevation 750.5 feet M.S.L.) of the emergency
spillway was established at the elevation needed to
store the 100-year flood. The elevation at the top of
dam (759.7 feet M.S.L.) was established by the maximum
elevation reached in routing the freeboard hydrograph.
The freeboard hydrograph is that computed from rainfall
comparable to Probable Maximum Precipitation (PMP) as
used by the Corps of Engineers and is therefore comparable
to Probable Maximum Flood (PMF). The PMF is an esti-
mate of flood discharges that may be expected from the
most severe combination of critical meteorologic and
hydrologic conditions that are reasonably possible in a
region.

Hydrologic Records: No rainfall or stream flow records
were available at the dam site.

Flood Experience: No exact high water marks or dates
were available. However, the maximum known reservoir
level was approximately 7 feet above normal pool.

Flood Potential: Design features of the dam and reser-
voir were established by the SCS by routing the principal
spillway, the emergency spillway, and the freeboard
hydrographs. Hydrograph data was determined by using

the SCS - National Engineering Handbook - Chapter 4,
Hydrology (Reference 7, Appendix VIII) with the time of
concentration and curve numbers established by basin
characteristics.

Reservoir Requlation: Pertinent dam and reservoir data
1s shown in Table 1.1, paragraph 1.3.3.

Regulation of flow from the reservoir is automatic.
Normal flows are maintained by the riser crest at an
elevation of 726.0 feet M.S.L. Water flowing over the
riser crest passes through the dam in a 36 inch diameter
reinforced concrete conduit. Water also flows past the
dam through the ungated, vegetated, emergency spillway
in the event water in the reservoir rises above an
elevation of 750.5 feet M.S.L.

Outlet discharge capacity, reservoir area and storage
capacity, hydrograph data, and routings were taken
from the SCS Design Report. Flood routings were begun
with the reservoir level 0.5 foot above normal pool.

NAME OF DAM: BUFFALO RIVER No. 2
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Outlet discharge capacity includes discharge from both
the principal and emergency spillways.

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

TABLE 5.1 RESERVOIR PERFORMANCE
Hydrographs
Principal Emergency Free
Spillway Spillway Board

Item Normal (a) (b) (c)

Peak flow, c.f.s.

Inflow 74 4940 8000 26,800
Outflow 7 200 4700 24,500

Peak elev., ft. M.S.L. 726.0 750.5 753.8 759.7

Emergency spillway (d4d)

(elev. 750.5 feet M.S.L.)

Depth of flow, ft. - - 2.2 6.
Average velocity, f.p.s. - - 8.4 14.
Duration of flow, hrs. - - 745 10.

Non-overflow section

(elev. 759.7 ft. M.s.L.)

Depth of flow, ft. - - - -
Average velocity, f.p.s. - - - -
Total duration of over-

topping, hrs. - - - -

Tailwater elev., ft.

M.S.L. (e) 689.1 - - -

(a)
(b)
(c)
(d)
(e)

5.7

5.8

u.____________' . — . ‘

Based on a 24 hour rainfall of 8.9 inches.

Based on a 6 hour rainfall of 12.0 inches.

Based on a 6 hour rainfall of 27.9 inches - PMF by Corps
of Engineers standards.

Depth and velocity estimates based on critical depth at
control section.

Tailwater at time of inspection.

Reservoir Emptying Potential: The time for the reservo
level to automatically decrease from the emergency
spillway crest (elevation 750.5 feet M.S.L.) to the
riser crest (elevation 726.0 feet M.S.L.) is approxi-
mately 4 days. The reservoir may be dewatered from

the riser crest elevation (normal pool) in approximatel
2 days by use of the 36 inch sluice gate located on the
upstream face of the iser. Reservoir drawdown was
computed neglecting .nflow.

ir

Y

Evaluation: Buffalo River No. 2 Dam is an "intermediate"

size~"high" hazard dam requiring evaluation for a
spillway design flood (SDF) equal to the PMF. The SCS
freeboard hydrograph is essentially equal to the Corps
of Engineers PMF hydrograph. The freeboard hydrograph
was used to established the top of dam elevation of
759.7 feet M.S.L. Therefore, the spillways will pass
the PMF without overtopping.

NAME OF DAM: BUFFALO RIVER No. 2
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SECTION 6 - DAM STABILITY

Foundation and Abutments: Foundation conditions were
determined from records of borings, test pits, laboratory
analyses, and the as-built drawings in conjunction with
observations made in the field.

The 3 feet to 7 feet of clayey and silty (ML to CH and
MH) alluvial soils of low density were apparently
removed from the floodplain for the foundation of the
dam, thereby placing the dam directly on the underlying
gravel (GP) which overlies granite, granite gneiss, and
syenite bedrock. Seepage control measures consist of a
20 foot wide cut-off trench, a foundation drain beneath
the downstream slope, and an impervious core. The cut-
off trench was dug to the top of firm bedrock and
backfilled with more impervious MH and ML silts. The
foundation drain concists of a 6 inch diameter perforated
corrugated metal pipe embedded in filter material. The
impervious core was constructed of MH and ML plastic
silts.

Red clayey silt overlies highly fractured weathered
gneiss at a depth of 3 feet on the left abutment.

There are outcrops of granite gneiss on the steep slope
at the right abutment with a thin soil mantle of sand
(SM). The dip of the gneissic structure is 45 degrees
in a downstream direction with a strike approximately
parallel to the alignment of the dam.

Stability Analysis

6.2.1 Visual Observations: No evidence of movement,
such as tension cracks or bulging of the
embankment, was noted. There was some erosion
and slight sloughing located 50 feet from the
left abutment in the soft wet clayey silt
(100 foot by 20 foot area) just above the toe
of the upstream slope. Several tree branches
are imbedded in the soil. There are minor
erosion gullies on the downstream slope.
Otherwise, the embankment is in good condition
with no visible seepage on the downstream
slope.

The downstream slope is constructed to a
2.5:1 slope ratio with a 10 foot wide berm at
elevation 727.0 feet M.S.L. The upstream
slope is 3:1 from the embankment toe to
elevation 726.5 feet M.S.L. where a 20 foot
wide berm is provided. Above this berm to

NAME OF DAM: BUFFALO RIVER No. 2
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the crest elevation 759.7 feet M.S.L., the
slope is 2.5:1. The 6 inch corrugated metal
seepage drains empty into the stilling basin
on both sides of the principal spillway
drainage pipe.

Design Data: Slope stability analyses were
performed by using the ICES computer program
showing results for the Bishop and Swedish
Circle Methods and the NAVDOCKS sliding Block
Analysis. A full drawdown was assumed on the
upstream slope with steady seepage on the
downstream slope. A homogeneous embankment
was used. The data for the slope stability,
sliding block, and seepage analyses from the
Design Report are presented in Appendix VI.
The following shear strength parameters were
used based on the results of consolidated
undrained triaxial shear tests:

%) c (p.s.f.)
Embankment Soils (MH) 30.5° 250 (effective)
Embankment Soils (ML) 36.0° 0 (effective)
Foundation (ML) 14.5° 325 (total)

The analyses are discussed in greater detail
in Section 2.1.

As a result of these analyses, the SCS concluded
that the soft silty alluvium on the floodplain
did not have adequate strength to support the
proposed embankment. Therefore, it recommended
the construction of a 100 foot wide berm on

the upstream slope and a 74 foot wide berm on
the downstream side or, as an alternate, the
removal of the unstable silty alluvium. The
as-built drawings show that the alluvium was
undercut and the slope configuration as given
in Section 6.2.1 was constructed. As a

result, the embankment was built on the
gravelly GP soils.

Based on the SCS' assumption that the GP

soils have sufficient strength to limit a
potential failure to the embankment itself,
the analyses which the SCS made for an embank-
ment only condition would apply, assuming
complete removal of the weak silty alluvium.
Therefore, their analysis for a downstream
slope configuration similar to that built,
assuming steady seepage and using total

NAME OF DAM: BUFFALO RIVER No. 2
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stress parameters, indicates safety factors
of 1.53 and 1.48 for the Bishop Method and
Swedish Circle Method respectively. The SCS
analysis of an upstream slope similar to that
construction, for full drawdown, using
effective stress parameters, gave safety
factors of 1.37 and 1.36 respectively with
the Bishop Method and Swedish Circle Method.
No Sliding Block Analyses were made for an
embankment only condition. These safety
factors for both the upstream and downstream
slopes are equal or greater than those required
for minimum accepted stability.

Operating Records: The inspection reports

for the past 2 years indicate that the wet
sloughing area on the left side of upstream
slope should be seeded and the stone riprap
that washed away on the downstream channel
should be replaced. Other maintenance work
that should be performed include repairs to
the rock gutters and fertilization and seeding
of the eroded bare areas.

Post-Construction Changes: There were no
alterations made to the dam since it was
constructed.

Seismic Stability: Buffalo River No. 2 Dam

1s located 1in Seismic Zone 2 and is considered
to have no hazard from earthquakes, according
to the text of the Recommended Guidelines for
Safety Inspection of Dams, provided that
static stability conditions are satisfactory
and conventional safety margins exist.

6.3 Evaluation: The embankment slope configuration chosen
for the stability analyses is compatible with the
typical section as built. Although the SCS analyzed a
homogeneous embankment and a modified zoned embankment
was constructed (refer to Section 2.1 and Plates 5 and
6), the analyses are considered adequate since the
strength parameters used are considered representative
of the weakest material in the as-built embankment.
The unstable silty alluvial soils were removed in the
floodplain to provide a firm foundation.

The deficiencies in the riprap on the downstream channel
and the slight sloughing on the upstream slope do not
affect the stability of the embankment.

. The dam appears to be in a satisfactory condition with
adequate stability.

NAME OF DAM: BUFFALO RIVER No. 2
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: The dam and appurtenant structures are
generally in good overall condition. No deficiencies
were discovered during the field inspection and office
analysis which would indicate the need for emergency
attention.

Using the Corps of Engineers' screening criteria for
initial review of spillway adequacy, the PMF was selected
as the SDF for the "intermediate" size-"high" hazard 4
classification of Buffalo River No. 2 Dam. The freeboard ;
hydrograph as computed by the SCS is essentially equal

to the PMF. The freeboard hydrograph is used to establish

the minimum top of dam elevation, and therefore the dam

will pass the PMF without overtopping. i

The recommended remedial measures are not considered
urgent and, therefore, may be accomplished as part of
the annual maintenance and inspection program.

7.2 Recommended Remedial Measures: The following repair
items should be completed as part of the annual mainte-
nance of the dam:

1) Remove wet sloughing soil with imbedded
branches near the left upstream abutment and
replace with compacted earth.

2) Grade and seed eroded bare areas near the
bench on the downstream slope. Also, grade
and seed erosion gullies in the vicinity of
the rock gutters at the left downstream
abutment and right upstream abutment.

3) Seed and fertilize areas with dead grass.

4) Remove driftwood on shoreline of dam and
fallen branches from rock gutters.

5) Place additional stone riprap on the banks of
the stilling basin where discharge has washed
it away.

6) Remove small tree from stone riprap adjacent
to left wing wall of impact basin.

7) Fill and seed erosion gullies in discharge
channel of emergency spillway.

. 8) Install a staff gage to monitor reservoir
levels above normal pool.
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CONTENTS
Upstream Face of Dam Looking Toward Approach to
Emergency Spillway

Sloughing and Erosion Area Near Upstream Left
Abutment

Downstream Face of Dam
Junction of Downstream Embankment and Right Abutment
View of Riser and Reservoir from Crest of Dam

Outlet of Principal Spillway, Impact Basin, and
Riprap-Lined Channel

View of Emergency Spillway and Left Abutment
Looking Downstream

Downstream Area with Route 610 and Farmhouse in
Background

Photoc: 'hs were taken on 24 May 1979.
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BUFFALO RIVER No. 2 DAM

PHOTO 1. Upstream Face of Dam Looking Toward Approach to Emergency Spillway




BUFFALO RIVER No. 2 DAM

PHOTO 3. Downstream Face of Dam

1 PHOTO 4. Junction of Downstream Embankment and Right Abutment !
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PHOTO 6. Outlet of Principal Spillway, Impact Basin and Riprap-Lined Channel
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APPENDIX IV

CHECK LIST - ENGINEERING DATA
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APPENDIX V

OPERATION AND MAINTENANCE INSPECTION REPORTS




CHECK LIST FOR SAFETY INSPECTION OF DAMS
Ref: Advisory ENG VA-31 Dec. 29, )977

% site ¥ Z  Buceplo E\)F‘\ Inspection Date _ ) AN . /f?i :

1. Embankment

a. Settlement

b. Slope Stability
Back Degwm Y\u&ég L BY Ry
O LRT naA 'V\Qoé‘* TUSEE

C. Seepage
\/\C) N —

d. Drainage Systems

oK

e. Slope Protection
Need FenTlizew D Liwess
DITLRT Rnd s o Gubtne weed %’\'c‘-aoiﬁ;

2. Principal Spillway
a. Riser Concrete

ON

b. Trash Racks
O

¢. Control Gates & Operating Machinery
PR




Potential Upstream Hazard Areas

\\w

Watershed Runoff Potential ;
%\\“\_‘f‘-’ AS DESISN E'b.

6. Maintenance




d. Conduit

oK

e. Cradle & Bent

oK
L

f. Stilling Basin or Impact Basin

hah LosTRr Mas proved ?\PV\\? S\

-
Slepa & Botrowm 6F CHDeNRL
g. Outfall Channel

ow

3. Emergency Spillwa
a. Approach § Outlet Channels

Crood

b. Level Section

K?4>v“vz o 0Y™
Lo vd ' = f’

Nec/L K&SQROI'HT
. e Mg TEIL ALl POV Rl MGG
Cooo &

4. Borrow ATeas  STRRr BREps hook Swmacc WPSARS
SeMmw VRERD NEEP Qﬂl :\ﬁ.&(}\'hﬁl‘?cm‘;ubﬁﬁ- Moo R

5. Reservoir
a. Shoreline

Coed

b. Sedimentation

‘\‘\\'-




Warrea G. Friend SUBJECT £ i el e =

WS - Buffalo River Sites 2 & 3
E. R. Simmons

(WRITHK CONCISE MESSAGE. SIGN AND FORWARD PARTS | AND 2 TO ADDRESSEE. RETAIN PART 3) » : 3

Have you looked at Buffalo River structures # 2 and # 3 to determine if any -
vegetative work needs to be done this fall?

3
The seeding season is almost here and considering the time required to
contract for work, plans should De under way to get it done.

e

DRI T

| have looked at the Buffalo River Structures to determine the extent of needed
vegetative work.

Site #3 (Stonehouse) - Cover is excellent! Does need fertilizer, especallly

on the spillway and spillway slopes. No reseeding necessary. Three or four
small guiiies need some hand repalr. Can do this with AlD.

Site {2 (Thrashers) = Cover is generally adequate, There are three relatively

small areas of very limited vegetation where the grading was done in the 8pring;

however, this is the area that will be torn up for the access road, and it does t
| not seem reasonable to plan any reveftations In spots much of the cover is

h annual = lespedeza, ryegrass, and weeds v |t is difficult to tell what per=

i centage of the cover is actually prenniale There is considerablie seeding

ﬁ from the mafture grasses (both ryegrass and fescued and this should provide

' even more dense covere Even if this provides mainly mulch, it should

stabilize the area, It seems fthat additional fertilization might be in

order, but | question the advisablility of doing any re-seeding.

i : | will discuss this in more detail with you on Wednesday.,
i o v=4 ST FORM AD:311 ‘RFEV S 68 i 3




. "'OIL CON"I"RVATION SERVICE

i
i
[ UNITED STATES DEPARTMENT OF AGRICULTURE
|
| el ks JOOZH = Richmond, Virglnla "3240

SUBJECT: ys - Grass Seeding Recommendations DATE: pApril 7, 1978
Buffalo River, Site 2 =3

TO:
E. R. Simmons, Area Conservationist

SCS, Chase City, Virginia

The following recommendations are made for vegetative repair work on
Buffalo River, Site 2, after our visit on 4/6/78:

Cir 4
1
1. Topdress entire seeded area with 500 lbs./acre of 10~10-10 4 ﬁ; ,“"f
fertilizer or equivalent as soon as possible. Consider ,Jé‘a— ”nfgf
i mixing 15 lbs./acre of KY31l tall fescue seed into bulk ‘ vé‘ Qflfyuo
fertilizer before spreading. «*'H /fL‘CPd
v /A
2. Reseed selected areas which are being measured and \\\\\\\\‘ //’
delineated by Warren Friend (approximately 8 §£%cres) —— Y
Where possible, use a no-til pasture seeder (zip-seeder) ¢ e
to insure direct soil-seed contact, In areas that are \0 Q 2 ,1):;
4 W

too steep or have too much straw mulch for proper operation
of the no~til seeder, lightly disk the areas, broadcast

seed with a cyclone seeder, and follow with a drag harrow 4 ’* (51 o\t /C'
and cultipacker. Use 35 lbs. of KY-31 tall fescue seed £ Q{" v
and 15 lbs. of Korean lespedeza seed per acre. Consider 7

going to 50 lbs. of fescue per acre on these areas if the »ﬁﬁ}ﬁ- .
15 1bs, of seed is not mixed in bulk fertilizer for ‘(b &
spreading on the entireé site, \mﬂ

3. On the small area that has sloughed off on the front side
of the dam, consider applying 500 lbs. of lime and some A
hand work to scarify the soil, seed with a hand cyclone
seeder using the above mentioned seeding rates, cover the
seed with hand rakes, and mulch with straw. Excess soil
material that has moved down slope can be spread back on
area to be seeded.

s
Willis Miller
Conservation Agronomist

cc: Warren Friend




p——

W. G. Friend =

SUBJECT
FROM
WS - Seeding, Site 2
E. R. Simmons a Buffalo River Watershed
MESSAGE
I talked with Willis Miller today about the seedingz of sericea on Dam # 2
this spring. We concluded that overseeding at this late date would probably
prove to be fruitless. We decided to take a close look at both Sites 2 and 3
in July to determine needs for repairs at that time.
July 9 was selected as the date to meet with you and go over the dams. Please
note that on your calendar.
SIGNATURE
AesLy
-
SIGNATURE OATE

(DESTROY THIS PART 3 UPON RECEIPT OF REPLY) FORM AD-311 (REV. 5-68)




(- | e
Frank Holt SUBJECT
4 ' ES - Seeding, Site 2, Buffalo
E. R. Simmons River Watershed

Attached is AS-MGT-14 from Varren Friend which deals with Site # 2 of
Buffalo River Watershed in Amherst.

I believe the overseeding with sericea is too late for this year.
Perhaps, if Willis Miller has time, he should take a look at the site in
the near future.

ATURE

T

sy

—
NATURE DATE

STROY THIS PART 3 UPON RECEIPT OF REPLY) V=7 S FORM AD-311 (REV. 5-68) i
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Vi, v

LS e i | L “
‘AL SERVICES ADMINISTRATION B .
JROC REG. (41 CFR) 1.16.201 (THIS IS NOT AN ORDER) | 1
QUEST NO 2. DATE ISSUED 3. REQUISITION/PURCHASE REQUEST NO. 4. CERTIFIED FOR NATIONAL DEFENSE UNDER DPS REG. |
AND/OR DS RES | RATING:
2-27-78
SUED BY 6. DELIVER BY /Dares
USDA, Soil Conservation Service As requested by SCS
P . 0- Box 1002 6 7. DELIVERY
Richmond, Virginia 23240 e . Hall st —
NFORMATION CALL (Name. are. “ode and. fel. no.) (No collect calls)  (804) 782~2480 DESTINATION ‘See Schedule)
) NAME AND ADODRESS (Street, cit  srote, and 2IP code) : 9. DESTINATION (Consignen and oddress including
. 3 . 21P code)
Site 2, Euffalo Piver W/S
Amherst County, Virginia
Q' CO /MM =L ?
"lease furnish quotations to the issuing office on or before close—eib (date) o Lol e ."Supplies ore of domestic origin ynless otherwise indicoted by
er. This is o request for inf on, and furnished are not offers. If you are unable 10 quote, please 30 indicate on this form ond return it. This request does not commit the gov-
nent 10 pay Ony cosls incurred «n the prep ion or the submission of this q i0n, or to procure or contract for supplies or services.
SCHEDULE
" - 12, 3 13, 1a. 18, 16.
EM NO. : SUPPLIES/SERVICES QUANTITY UNIt UNIT PRICE AMOUNT
1 Rock Riprap - : 650 Fon
2 No. 2 Highway Stone : : 270 °  Ton
The attached Form AD-838, Purchase Order, will
be the document used in ordering the services
listed herein. Offerors should be aware of
the terms and conditions on the reverse of 3
form AD~838 and the continuations thereto.
PRICES QUOTED INCLUDE APPLICABLE FEDERAL, STATE, AND LOCAL TAXES.
SOUNT FOR PROMPT PATMEN! 10 CALENDAR DAYS *e 20 CALENVAR DAYS _____ ___ “¢ 10 CALENDAR DAYS e CALEND22 Davs

NOTE: Reverse must also be completed by the quoter.

NAME AND ADORESS OF QUOTER (Streer, city. county, State, including 19 SIGNATURE OF PERSON AUTHORIZED TO SIGN QUOTATION

21P Codw)

9. DATE OF QUOTATION

V-8

2). SIGNER'S NAME AND TITLE (Type or print) 22. TELEPNONE NO (Irciude vreo code)




IBJECT

L %c: E. R. Simmons, AC, Chase City

UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
P. 0. Box 10026, Richmond, Virginia 23240

AS - Buffalo River Watershed, Site 2 DATE: March 28, 1978

Warren &riend
.Distydct Conservationist
Amherst, VA

This is to advise that bids received for vegetation of the above site

were in excess of our engineer's estimate., Therefore, a decision was
made to reject all bids.

As discussed by telephone with Willis Miller, Conservation Agronomist,
the stone will be purchased, but the site will not be seeded at this

time. ///////////
%?%W@\Qm e |
State Administrative Office c s
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SUBJECT:

.05

=5 13-16, Virgicvis wr-03, Buffalc River, Thrashers DATE: November 28, 1y7°
ree:, Site No. 2 (Azherst County)

Louis S. Button, Jr.

tate Conservation EZangineer
Soil Conservation Service
Richmond, Virginie

ATTACHMENTS

Form SCS-ENG-35L4, Soil Mechznics Laboratory Data, 3 sheets.

Form SCS-ENG-128 & 128A, Consolidation Test Data, 1 test, 3 sheets.
Form SCS-127, Soil Permeability Data, 1 sheet.

Form SCS-ENG-355A & B, Triaxial Shear Test Data, 3 tests, 6 sheets.
Form SCS-352, Compaction and Penetration Resistance, T sheets.

Form SCS-130, Drain Materials, 1 sheet.

Form SCS-357, Summary - Slope Stability Analysis, 5 sheets.

Form RTSC-FW-ENG-42, Determination of s and Probable Joint Gaps, 1 sk
Investigational Plans and Profiles, 13 sheets.

.
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INTRODUCTION

Tne proposed T3-foot high, class ¢ hazard embankment is loczted in the Incer

Piedmont physiographic area in west central Virginia ir Amherst County.

The silty alluvial materials in the upper portion of the floodplairn are weak

~and have low density. Considerable berming is required if the weak founda-

tion alluvium is not removed.
DISCUSSION
FOUNDATION

A. Classification. The floodplain has 3 to 7 feet of silty alluvium over-
lying gravelly deposits. The samples of the shallow silty alluvium from
the left side of the floodplain vary from moderately plastic ML to CH or
MH materials. The two deeper gravelly samples from the drain line are
GP materials with only 5% fines.

Highly fractured and weathered granite occurs to depths of 59 feet in
the left abutment.

The steeper right abutment has granite gneiss at or near the surface.

B. Dry Unit Weight. The dry densities of the test specimens fram the
shallow silty alluvial samples varied from 1.42 gm/cc (88.6 pef) to

1.55 gm/ce (96.7 pef).

Vi-1
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Consolidation. A one-dimensional consolidation test wzc made on the ML
or MH sample, 1.1 (76W39). The test specimen wzs loaded to 4000 psf in
its natural moisture condition (w = 23.3%) to avoid swelling. It was
then saturated under the 4000 psf load end lcaaed to 16000 psf.

The test specimen consclidated approximetelv 5% uander the 6800 psf lozd
of the proposed 58-foot high embankment at dam € station 4+50.

The dial-time curves indicete that well over half of the consclidation
will occur during & 90-desy construction sezszon.

Permeability. The falling head permeability test on the consolidation
test specimen was extrepolated to obtain & permeability rate of approxi-

mately 0.07 foot per day for the no-load condition. High permeability
retes (3 to 12 fpd) were obtained frequently in the field pressure tests
in the fractured and weathered rock in both abutments. (See Sheet 7 of
13 in the geologic report.)

Shear Strength. A consolidated undrained triaxial shear test was mads on
the moderately plastic ML, alluvial sample 1.2 (76W40) from the 3- to 4-
foot depths at dem ¢ station 4+450. The l.hk-inch diameter test specimens
were backpressured to full saturation on the shear machine. Pore
pressures were measured during shear testing so that the effective stress
shear parameters could be determined.

The shear test data was interpreted to give total stress shear parameters
of ¢ = 14.5° and ¢ = 325 psf. Thq_effective stress shear parameters
were determined to be § = 32° and ¢ = 125 psf.

An unconfined compression test on the same sample at natural moisture
content yielded & value of ¢ = 900 psf. The test specimen contained

27.3% moisture,which was calculated to be 90.4% of theorsticazl saturation.

The underlying gravelly alluvium was not tested; however, it is assumed
the coarse, hard, angular, gravelly meterials will have sufficient
strength to limit a potential failure to the compacted embankment ma-
terials, based on the gradation of the samples received and the de-
scriptions in the logs from the field investigationm.

EMBANKMENT

Classification. The major portion of the embankment will be constructed

of residual ML and MH soils from the emergency spillway excavation, the
adjacent borrow areas, and the right abutment borrow area. The borrow
samples submitted were mostly moderately plastic ML and MH. Plasticity
indices of these materials varied from 15 to 22 and the liquid limits
varied from 46 to 63.

Some non-plastic ML and SM materiasls will also be used.

Vi-2
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B. Cozpected Dry Density.

T v

2E86L

N

-~

tendard Proctor campzation tests (ASDY D-638,

- Metnod A) were made on the 7 borrow samples thet were submitted to the

S0il Mechanics

Laboratory.

Maximum dry densi

e
w1853

of the two MH sumples

were 90.0 and 95.0 pef with optimum moisture ccniznts of 30% and 25%,

respectively.

Dry densities of the ML sample

to 104.5 pef with optimum moisture contents s
sazple yielded a maximum dry density of 108.0 pcf at ar optimum moisture

content of 1T%.

C. Shear Strength.

(76W51).

Consolidated undrained triaxisl shear tests were ma
on tas MO semple 110.1 (76W50) and on the non-plastic ML sample 110.
The l.k-inch diameter test specimens wers molded slightly wet

YU

(224

v

e
% to 21%.

Mo -
102

d from 101.0 pecf
SM

3e
Qe
-

&

of optimum to approximately 95% of Standard Proctor demsity and then
Pore pressures

L backpressured to full saturation on the shear machine.

wvere measured during shear testing.

The results of the two shear tests are tabulated below.

Sample No. Average Unified Shear Parameters
Field | LaD. Density Class. Total Stress Effective Str=:z:s
TEW pef ¢, deg. | c, psf | @, deg. | T, vecf
0.3 {'50 86.4 MH 14 725 30.5 25¢
110.2 51 96.0 ML 18 *1650 36 0

_stability summery for details.

*Negative pore pressures developed for the 10 psi test specimen.

D. Comsolidation. Volume change measurements of the triaxial test specimens
during the comsolidation phase of the shear testing show the compacted
fine grain materials will consolidate approximately 4% under the load of
the 60-foot high floodplain section.

STABILITY ANALYSIS

The proposed T73-foot high, class ¢ hazard dam was analyzed using the ICES
computer program and the NAVDOCKS sliding block method.

The embankment-only analysis of the maximum section shows adequate safety
factors for the proposed slopes for materials compacted to 95% of Standard
Proctor density; however, the sliding block analysis of the floodplain
section at dam ¢ station 6+00 shows the silty foundation alluvium is not
adequate without adding wide berms. The full drawdown analysis of 2%:1 over
3:1 upstream slope shows a 100-foot wide berm at elevation T720.0 is required
to obtain an adequate safety factor. See trial #10 in the attached slope

The steady seepage analysis of the downstream
2%:1 slope with a drain at ¢/b = 0.6 shows a Th-foot berm is needed at eleva-
tion 725.5 to obtain a satisfactory safety factor.

vi-3
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Louis S. Buttomn, Jr. - Buffalo River, Tareshers Creer #

SSEPAGE ANALYSIS

5

seepége analysis was made using the method of R. Chung Y. Lo as tzught in

the Harvard soil mechanics course. The shape factors were c-lculated using
Dechler's equations.

A 1L0-foot wide zone of wezthered and broken rock with & permeability rz
a

of 9.0 fpd was used for the left sbutment. A 100-foot wids perr

with a rate of 5.0 fpd was used for the right ebutment. A 250-foc:t vias
zone of permeable rock with & rate cf 9.0 fpd wes considered under ths dar
to approximate the permeable zones as shown on Sheet 7 of 13 in the plans

and profile sheets.

, For a full reservoir situation, a permeability rate of approximately 0.1l5

cfs was calculated for the left abutment. The deeper, more narrow &nd more
sloping permeable zone in the right abutment also yielded epproximetely 0.13
cfs. The underseepage was celculated et approximately 0.1 cfs for the full
reservoir situation.

RECOMMENDATIONS

A. Centerline Cutoff. A 20-foot wide cutoff with 1:1 side slopes extending
down througn the axluvial silts amd gravels to ths underlying weathsrezl
bedrock is recommended across the floodplain to reduce the amount of
seepage under the dam that the drain will need to handle and to rzduce
the piping potential of the underseepage through the permeable bedrock.

B. Drainage. A foundation trench drain at c¢/b = 0.6 is recommendeé below
the emergency spillway elevation to provide a controlled outlet for
seepage that bypasses the centerline cutoff and for seepage through the
highly pervious rock sbutments. The drain shouléd extend dowr to the
clean underlying gravelly alluvium. A steeply-graded, coarse gravel

" with high capacity will be required to drain the GP materials like
samples 501-2 (76WlLl4) and 505.1 (76W45). See the attached Form SCS-130
for the suggested filter limits.

Principal Spillway. The proposed location at dam ¢ station 6+05 appesars
. satisfactory. Pipe elongation calculations following the method of
Technical Release No. 18 (Rev.) show & horizontal strain of less than
/ 0.002 ft/ft. See the attached Form RTSC-FW-ENG-42 for the calculations.

-,

@ - a

D. Embankment Design. The following are recommended:

1. Selectively place the MH and the more plastic ML borrow materials in
! the center and upstream sections of the embankment. Place the non-
plastic ML and SM materials in the downstream section. The berms
o can be constructed of anything availeble as their function is dead
weight resistance.

. VI"'4




2. ©Place the emparkment meterizls et or sbtove ¢

- -

rtb-..: -

c
.

are content

and compact to & mirimum density of 95% of Standard Proctor density

(AST™™ D-698, Method A).

slopes with & Th-foot berr at elevation 725.5.
3 be eliminated if the weak silty alluvium is removed
rortion of the floodplain on the left

berm
nl.y
Cz >
wide
from

at eleva-
downstrezm
berms cuu:
the upper

L. Provide am cverfill of 1.0-foot across the floodplain to compensate
for residual foundation end embankment consolidation after con-

struction is camplete.

Prepared by:

: 7
g )
/‘Y’.’gz_—-—// 3 48 vgl K Q

Edgar F/ Steele °

Civil Engineer

Reviewed and Approved by:

} ?J:’ go —

Lorn P. Dunnigan’
Head, Soil Mechanics Laboratory

Attachments

ce: :
Louis S. Buttom, Jr. (4)
Arthur B. Holland, Broomall, PA
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'
DETAILED GEOLOGIC INVESTIGATION OF DAN SITES
Drilling Supplement i
GENERAL
.
sue Virginia County _Amherst oW =% Se. = T_=__R_T_: watershes LxZf2lo River
0%
Subwatershed Thrashers CZEQKM class _(H’—ng’s_t)‘ Site number._z_.. Site group -‘— Structure ciass
-2, -1, etc.
investigatee by L. 22clk, Geologist _ Equipment usec _F2ildirs 507 drill . Date
(signature anc titee; | (1ype, size, make, mogei e€ic,
SITE DATA
Recreation and
Drainage area size €280  sq mi., 43352  acres. Type of structure __Earth £413  purpese Flood control
i Direction of valiey trencd (downstream) southeast Maximum height of fill 69.4 feet. Length of fill 815 feet. .
Estimated volume of ccmpacted fill required 252 ’700 yards
i STORAGE ALLOCATION
Volume (ac. ft.; Surface Area (acres; Depth at Dam (feet)

Sediment 477 36 24

R 1274 78 58

Total 1751

SURFACE GEOLOGY AND PHYSIOGRAPHY
tainous

Physiographic description __Inner Piedmont ~Topolraah¥nm i . Attitude of beds: Dip — —— Strike___——
Steepness of abutments: Left__zg_ percent; R:ght _66 percent. Width of floodplain at centerline of cam 460 feet

General geology of site:

The drill holes showed that granite rock is present in conjunction with the

|4
_ granite gmeiss and pegmatite, Also that 2 fault occurs on the left zbutment ;i
with quartzite and chlorite schist present below the fault zone. ‘

_ Centerl ne of the dam
e centerline showed the depth of the GM alluvial cobbles
e o range from 8.5 feet to 13.0 feet. This layer is underlein
by weathered granite gneiss and saprolite that ranges in depth from 13.0

| Y

Rock types present in the flood plain are granite gneiss, granite and syenite.

( ;. _On the right side of the flood plain the granite is weathered. Depth to

VII-1
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unweathered granite in the flood plaim raagee from 13.5 to 22.0 feet.

On the left abutment highly fractured and wezthered granite extends to
depth of €3.0 feet or approximately to elevation 650. A void occurs

at depth 55.0 to 36.5 with elicksnsiies present. This void with
slickensides is considered to be a fzult. It is in quartzite. Czlorite
schist and weathered chlorite schist occur below the fault surface.

In this area the depth of perm=zile rock rangzs to 55.0 feer or to
elevation 688. Wwater lﬂsaes &8s mcosured :n:o¢gh standard pneumatic
testing equipment range to over 20 gpm. In this fractured permeable

area core recovery is low. It ranges down to 22 percent at depth oi

48 feet in DE 23.

The steep rignt sbutment has granite gneiss present. DH 28 emplaced

on this abutment showed this rock to have 100 perceant to 9€ percent
Trecovery below depth of 30.0 feet. Tnis drili hoie had impermeable

rock below depth of 55.0 feet or elevation 707. The rock is unfractured
below depth of 53.3 in DK 28.

Eleven holes were placed or the dam centerline. These are numbered
DH 21 through D 31.

Centerline of the Pipe

The drill holes placed on the pipe centerline showed alluvial GM and SM
material to range in depth from 10.5 to 14.0 feet. Below this is
weathered gneiss and saprolite that ranges in depth to 25.5 feet.

Granite, granite gneiss and syenite are the rock types occurring below
the pipe centerline. This rock is unfractured from the dar centerline
upstream. It is fractured to depth of 19.4 feet downstream as shown
by DH 321 and DH 322.

The rock on the pipe centerline is impermeable except for a zome of

permeable rock in DH 321 (Station 4400 centerline pipe) that extends
from 15.0 to 18.0 feet in depth. All drill holes ahow good recovery
with almost all runs placing 100 percent of the core in the core box.

DH 321 through DH 324 were placed on the pipe centerline.

Seepage Drain

The two drill holes placed in the approximste area of the seepage drain
showed the granite gneiss hard rock surface to be at 15.0 feet in depth.
This is overlain by GM material and weathered granite gneiss. Recovery

of core is generally good. The gneiss is permeable to slightly perme-
able to depth of 26.0 feet.

- VII-2
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Drili holie 521 wap piaced in the appronimate drazin areas on the righs
side of the £lood plain.

o e

Emergency Spiliway

Tne sever Itill holes pilaced in the emerpgency spillway showed the top
of gracite and fracture granite to range froxw 14.0 feet above grade
to below grade. Om the spillway centerline this rock is 14.0 sbove
graie upstream from the dam centerline, On the cutside edge of the

cut granite ocecurs above grade downstream from the dam ceateriine.

On the outside edge of the cut the granite is fracturad from 7.0 to
3.0 feet beiow the top of rock. Below this frectured zone hesre the
rock is highly fractured. Thus it appezrs that in thiz area the
granite becomes more fractured with depth. On the emergency spillway
centerline the granite is fractured and weathereé from top of rock to

. below grade. Above grade in the emergency spillway cut rock recoveries

and RQD are low.

DE 221 through DE 227 were emplaced {n the emergency spillway cut.
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DETAILED GEOLOGIC INVESTIGAT.Oh 0 DAKN SITES
WATEPSHED SUBWATERSHED I COUNTY STATE
T..E8 3 - l [ S t 1 | bxbhorge Vdwmdnd
SITE NC. | ©.TE GROU® STRUCTURE CLASS , INVESTIGATED BY: (SIGNATURE OF GEOLOGIST! 'DATE
2 é >4 & : + ) Do che _14,135

FOR IN-SERVICE UST QLT
INTERPRETATIONS AND CONCLUSIONS

1. The zome of permesble rock that occuss oz the left sbutzeat from etation
1485 to statizs 3455 or the dam ceaterlire &axl tc elevatioz 655 depth endzngers
the capstility of the daz to holéd water. Secondary permesbilicty due to fault-~
ing 1s kigh. Consideration of either grcuting ttis area or removal of this

rectured rock below cutoff must be implemented. This measure can be
terzinated several feat below elevation 688.

2. Of lesscer concern to the empoundment ability of the dam is the fractured
perneable grenite and gneiss on the right side of the flood plain and oo the
right abutment from station 8+00 centerline of the dam to the top of the dam
on the right abutment. This permeahkle ares extends to 38.0 foot dapth in
the flood plain and to 55.0 foot depth on the right abutment. Parts of this
area are considered to be capable of taking grout using the rule of thumb
that grout can be pumped into rock where the water take is 10 gpm or over
under moierate pressuTe. The necescity of grouting this ares is to be
considered,

3. Emplacement of a toe drain in the permesble & material may prove necee-
sary to insure removal of water from the downstream slope of the embankmant
if positive cutoff 4is not to be obtained through extemnsive grouting of both
abutments.

4. The alluvial ML and @ material occurring in the f£flood plain shculd have
sufficieat bearing stremgth to hold the weight of the embankment.

5. The cutoff should be taken belovw the & elluvium into weathered granite
gaeiss axd ssprolite. Exteansion of the cutoff to hard gneissic rock in the
flood piain fro= staticn 5475 to station 7+25 snould be coasidered even
though this will extend excavation to a depth of 22.0 feet.

6. The fractured and weathered granite and gneiss occurring above grade in
the exergency spillway cut should be marginal rippsble. Recoveries range
from 70 percexnt to O parcent. RQD percentages range up to 50.

7. BEeard granite occurs vmder the proposed riser location at elevation 684.0.
With the bottom of the pipe at the riser held to 692.0 this would necessitate
8 feet to place the riser foundatica on hard granite with 100 perceat tecovery
and 90 percent RQD. Placement of the riser foundation above elevation 694.0
would entzil a wider footing placed on weatbared gneiss and saprolite. The
blov count on this weathered material is 1l blows to the 1/2 foot.
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8. Placement of the pipe will be on G¥ material thet 4s uncerlain by
weathered gneiss.

€. The elevation of nard gneiss at the bezt locatioz s 677.7. This
will necessitate approximstely 12 feet of excavatiocn to place the bent
on rock.

10. The majority of borrow material will have to be taken frcm the
exargency spillvay cut and from the suggested torrow areas. It
sugsested te place in the plans sufficient borrow area to hezve at least
twice the material needed to coastruct the embankment.

This enteils incorporating into the plass the two suggested borrow areas

on the left side of the stream below permanent pool elevation. It would
also be advisable to place in the plans the majority of the larger
suggested borrov area on the left abutment above permanent pool elevation.
This should not necessitate the purchase of additional lancé since at
pPresent the county is in the process of purchasing this arez for recreation.

A borrowv area that could be discounted if sufficient materisl is con-
sidered available is the borrow area dowustrear from the daz on the right
abutment.

Correlation of the borrow material to zomes iu the £111 is given in the
s0il correlation chart.
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9. The elevation of bard gneiss at the bext loczatioz is 677.7. This
will necessitate zprroximarely 12 feet of ercavatico to place the bent
on rock.

10. The majority of borrow material will have toc be taken from the
exargency spillvay cut and from the suggested torrow arezs. It is
suggested te place in the plans sufficient torrow area to heave at least
twice the material needed to coamstruct the embankment.

This enteils incorporaticg into the plans the two suggested borrow areas

ou the left side of the stream below permanent pool elevation. It would
also be advisable to place in the plans the majority of the larger
suggested borrov ares om the left abutment a2bove permanent pool elevation.
This should not necessitate the purchase of additiomal lané since at
present the county is in the process of purchasing this arez for recreation.

A borrow area that could be discounted if sufficient materisl is con-
sidered available is the borrow area downstrear from the dam on the right
abutment.

Correlation of the borrow material to zomes iu the £111 is given in the
soil correlation chart.
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DETAILED GEOLOGIC INVESTIGATION OF DAM SITES
GENERAL

sate_Virginia County ._Amnerst =T ¥, ==, Sec. ==, T==_ RTT__ : Watershed Buffalo River

Creek y
Subwatershed _Thrashers ~~ “fug cass 038 Site number_i__ Site group _I__ Structure class c

(FP-2, WP-1, etc.)
Investigated ty L. Mack, Geologist fquipmen! use¢ JOhn Deere 176 backhoe on L Date.
: (signature and Lye) (Type, size, make, moce!, eic.)

: 4000 trac%?fEGDH}iis Chalmers #9 dozer

_ Recreation and
Drsinage area size _0.80 sq mi, 4352  acres. Type of structure . Earth fill purpese __F100d control

Direction of valley trend (downstream) SOUtheast + Maximum height of fill 69.4 feet. Length of fill 815 fre:
252,700

Estimated volume of compacied fill requited yards

STORAGE ALLOCATION

Volume (ac. fL) Surface Area (acres) Depth at Dam (feet)
Sediment 477 : 36 24
Ficodwater 1274 78 58
Total 1751 -

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiographic description __Lnner Piedmont . TopographyMOUNtainous _ attitude of veds: Dip __—— Strike

Steepness of abutments: Left 22  percent, Right ____66 __ percent. Width of floodplain at centerline of dam 460 feet
General geology of site: ____Buffalo River Site No. 2 is located approximately 7 1/2 miles north-~

west of Amherst, Virginia, It is north of Route 60 on Thrashers Creek.

The rock underlying the site is coarse-grained gneiss. The major minerals present

Jn_:his_gnaiss_arLax;hnclasg_ieldap.ang_aangmg_c_a_lcic plagioclase feldspar,

Jhiotite mica, quartz, and some muscovite mica. As a cursory megascopic examination
with a hand-lense shows considerable twinning in the feldspar the most proper name

_for the underlying rock is a coarse-grained quartz manganite gneiss.

This metamorphic_gneissic rock is cut_by munerous intrusions of igneous pegmatite
(' » This'is a white colored dike xock that has the major mineral of feldspar with
ounts of_quartz and mica. The dikes—dfc generall generally narrow, never appearing

to be over five feet in width.
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Thrashers.Creek flows in strongly entrenched meanders. During the two

recent hurricanes, Camille, 1969, and Agnes, 1972, considerable scouring
took place in the stream channel. At the dam siie the effect is to make
the channel degrading. :

Deep aliuvvial cobbles and gravels are present in the stream channel. The
slopas of the stream valley above the floodplain are steep with shallow
soils znd rock outcrops occurring. The higher elevations in the area are
have z gentle to moderately steep rolling topog *apﬁ, with deeper soil
occurring here. -

Methods and Procecdures

1. The backhce part of this geologic investigation was made during planning
stage of the watershed. As the final dimensions of the dam were not "firmed
up" at this stage in planning, discrepancies exist on the "35's" as to the
height of the top of dam and the width of the emergency spillway cut.
Attention is called to this in notes on the plan of the dam.

This backhoe investigation is to be followed by a drilling program in
operations.

2. Soils to be used for borrow material are classified accdrding to the

'Unified System and the U. S. Dept. of Agriculture System. The use of this

latter system is only to provide a grouping of the soils for correlation;
of the samples. |

Centerline of the Dam
Weathered coarse-grained gneiss occurs below the selected dam centerline.

On the left abutment from the top of the dam to station 4+00 on the dam
centerline, shzllow residual soil occurs. This soil has from 1.3 to 2.9
feet of red clayey silt over weathered gneiss. This weathered gneiss is
thoroughly rotten rock and does not eftect backhoe refusal till below 5.0
feet from top of ground.

The flood plain is present from station 4+00 to station 8+65 on the dam
centerline. In the area transected by the centerline of the dam a narrow
low alluvial terrace occurs from station 4+00 to station 5+25 on the dam .
centerline. Since the soil on this low terrace is indistinguishable from
the remaining alluvial soil in the flood plain, alluvial soil layers are
correlated across the flood plain,

The top alluvium layer is a brown-red clayey silt (ML) that extends to a
depth.that ranges from 1.6 to 5.0 feet. Below this is a layer of mottled
gray and yellow-brown silty clay (ML and CL) that ranges in thickness from
1.0 to 6.5 fect. Below this layer is a layer of subrounded cobbles and
gravels of undetermined thickness. The top of this layer ranges in

VIiI-12
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'élevation from 694.0 to 690.0. The reach of the backhoe was insufficient

to effect complete penetration of the cobble and gravel layer. Deepest
penetration was to elevation 685.0.

The right side of the flood plain has a coarser-grained alluvial soil than
the left side. On the right side an SM layer overlies the cobbles and
gravels.

The right abutment is steep with shallux soil and gneissic rock outcrops
occurring from the toe of the abutment to the top of the dam. From the
right abutment toe at stztion 8465 on the dam centerline to station 94+00

on the dam centerline this right abutment has a 100 percent slope.. From the
right of station 9400 to the top of the dam the slope is 50 percent.

Test pits numbered TP 1 through TP 11 were used to investigate the center-
line of the dam.

Centetline of the Pipe

The centerline of the prcposed pipa crosses the centerline of the dam at
station 6400 on the dam centerline end station 3+00 on the pipe center-
line. These centerlines form an 84 degree angle.

Alluvial soil occurs on the pipe centerline. This soil is similar to the
alluvium described on the dam centerline. It has the top brown-red ML
layer ranging in thickness from 2.0 to 4.5 feet with an underlying ML or
CL layer that ranges from sbsent to 2.0 feet thick. This finer sediment
overlies GM cobbles and gravels of undetermined thickmess.

Emergency Spillway

The emergency spillway cut is placed on the left abutment. Coarse-grained
weathered gneiss underlays the cut.

Shallow to deep residual soil i{s present in the cut area. The deep soil
raanges up to more than 14.2 feet in depth. This was as deep as the backhoe
could dig. The soil has from 5.0 to 8.0 feet of plastic bright yellow-red
clayey silt (ML or MB) overlying at least 8.0 feet of brown-yellow slightly
micaceous, glightly plastic to non-plastic sandy silt (ML or SM).

The shallow residual soi] ranges in depth from 2.5 to 5.0 feet in depth.
It has this depth of yellow-brown and brown-yellow ML and SM nacarial over
weathered gneiss.

Test pits numbered TP 201 through TP 220 were used to invastigate the
emergency spillway.
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The proposed borrow creas are located cn both abutments and upstream from
the centerline of the dam.

The largest borrow zrea is on the left abutment to the right of and up-
stream from the emergency spillway. Deep residual soil of the hayesville
series occurs on the beveled peneplaned surfaces in this area. This soil
has a B horizon of bright yellow-red clayey ailt (ML or Md) that is approxi-
mately 7.0 feet in thickness from botitom of topsoil (A horizom) to the
bottom of the B3y. Below this the C horizon of yellcw-brown silty sand
ranges up to 10.0 feet thick. Totel thickness of this layer could not be
determined due to the length of backhoe reach being less than 14.0 feet.

Upstream from the emergency spillway cut in this borrow area colluviel secil ‘
occurs in a long gently sloping draw. This colluvium has present at least
12.0 feet of red, yellow-red snd brown-red clayey silt (ML or MH). Olive
and yellow-brown mottles are present in some test pits below 8.0 feet.

This is the largest borrow area. It contains approximately 17 acres. An '
estimated 260,000 cubic yards of material is available in this borrow area.

A small borreow area occurs on the left side of the stream valley upstrean
from the centerline of the dam. In this area shallower residual and

colluvizal soil is present. The depth of these scils is approximately 9. 0 : ]
feet with the plzstic ML material extending down to 7.5 feet.

Also on the flood plain edge of this borrow area, alluvial soil occurs. '
This alluvial soil has 3.6 feet of ML and SM material over cobbles and
_gravels with water at approximately 4.0 feet.

An estimated 2.0 acres is present in this borrow area with an estimated
E 20,000 cubic yards of material.

This borrow area is almost entirely within the permanent pool erea. It is
separated from the larger borrow area by the steep slopes that border the
stream valley. In this area there are large rock sutcrops present on the
slopes. :

. On the left side of the flood plain approximately 1,500 feet from the
centerline of the dam a borrow area is proposed. This area has fairly
shallow colluvial soil present that ranges in depth for the plastic ML
material from 5.0 to 2.0 feet. This material is brown to brown-red. Also
included in this borrow area is some alluvial soil with a water table at
approximately 4.0 feet.

An estimated three acres is present in this borrow area with an estimated
25,000 cubic yards of material availadble.
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Another borrow area is located in a draw that opezs into the flcod plain
dovnatreag from the centerline of the dam on the right abutment.

Deep colluvial soil occurs in this draw. This is red ML or MH material
that raangee 6.7 to greater than 12.5 feet in depth. At the head of the

drav gray salt and pepper colored silty sand (SM) occurs below 6.7 feet
of plastic red colluvium.

Approximately 4.0 acres occur in this borfov area with an esti=mated
35,000 yards of material svailable.
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