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PREFACE

This report is prepared under guidance contained in the Recouended
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.



PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

BRIEF ASSESSMENT OF DAM

Name of Dam: Wheat lands
State: Virginia
Location: Frederick County
USGS Quad Sheet: Stephens City, Virginia
Stream: Crooked Run
Date of Inspection: 29 October 1980

Wheatlands Dam is an earthfill structure approximately 680 feet
long and 71 feet high. The dam is owned by Mr. J. L. Bowman and F. L.
Glaize of Stevens City, Virginia. The dam is classified as an
intermediate size dam with a significant hazard classification. The
principal spillway is a 72-inch corrugated metal pipe (CMP) serving as
a drop-inlet that passes into a 60-inch CMP that passes through the
dam at low level. The emergency spillway is an open channel earthen
cut left of the left abutment. The reservoir was designed to provide
recreation.

Based on criteria established by the Department of the Army,
Office of the Chief of Engineers (OCE), the Spillway Design Flood
(SDF) is the PMF. The spillways will pass 100 percent of the PMF or
100 percent of the SDF without overtopping the crest of the dam with
normal pool established at the present condition. The spillways are
adjudged as adequate.

In 1978, the 72-inch CMP drop-inlet was damaged during an ice thaw
draining the lake to its present lake level. A portion of the
upstream slope eroded as part of that failure.

The visual inspection revealed no problems that required immediate
remedial measures. However, a professional engineering consultant
should be retained to inspect the 60-inch CMP spillway. 4-It is
suspected that damage may have occurred to the pipe when the 72-inch
drop-inlet failed. This should be accomplished within 12 months.

There is no regular maintenance program or warning system. It is
recommended a maintenance program and warning system be established.
The maintenance items listed in Section 7.2 should be accomplished as
part of the regular maintenance program within the next 12 months.
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If the dam is to be reconstructed to original desi-n conditions,
the eroded portions of the upstream slope must be restored. Also a
stability analysis for the steady seepage condition is recommended.

Plus, the spillway should be checked and redesigned, if necessary, to

insure there is no overtopping of the non-overflow section for the PMF.

Submitted By: Approved:
Original signed by Original signed by-,
Original AsW61ig bLTC Leonard C. G'eor

JAMES A. WALSH, P. E. DOUGLAS L. HALLER
Chief, Design Branch Colonel Corps of Engineers

District Engineer

RecouTeded By Date: FEB 13 1981ur ginal signed by

JACK G. STARR

JACK G. STARR
Chief, Engineering Division
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SECTION 1

PROJECT INFORMATION

1.1 GENERAL:

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

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I
inspection according to the Recommended Guidelines for Safety

Inspection of Dams (Reference I, Appendix VI). The main
responsibility is to expeditiously identify those dams which may be a

potential hazard to human life or property.

1.2 Project Description:

1.2.1 Dam and Appurtenances: Wheatlands Dam is an earthfill

structure approximately 680 feet long and 71 feet high. The crest of
the dam is 30 feet wide with a crest elevation of 626 ft. msl. The
upstream slope is 2 horizontal to 1 vertical (2H:lV) with riprap
protection between elevations 616 and 622. The downstream slope is
2.5H:IV. The embankment is keyed into foundation rock but there are
no foundation drains.

The principal spillway is a 72-inch CHP serving as a drop-inlet
which passes into a 60-inch CMP running through the dam at low level.
The design crest of the principal spillway was elevation 616. Since
the ice thaw in March 1978 removed the upper portion of the
drop-inlet, the crest of the drop-inlet is at elevation 585. The pipe

outlets into a small stilling pond below the dam. The invert
elevation of the outlet pipe, which is partially submerged in the
stilling pond, is elevation 556.44.

The emergency spillway is an open channel earthen cut left of the
left abutment. The crest of the emergency spillway is at elevation
619.75 and is approximately 200 feet wide.

A 24-inch CMP, with an intake elevation of approximately 558, is
available for dewatering the reservoir. A butterfly valve, located at
the bottom of the 72-inch drop-inlet, when operated, will drain the
reservoir.

1-1
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1.2.2 Location: Wheatlands Dam is located on Crooked Run about
1/2 mile northwest of the intersection of Clarke, Warren and Frederick
Counties. A location map is provided in Appendix I.

1.2.3 Size Classification: The dam is classified as an
intermediate size structure as defined by Reference 1 of Appendix VI.

1.2.4 Hazard Classification: The dam is located about 1-1/2
miles upstream of Nineveh, Virginia, which has several homes along the
stream bank. Therefore, a significant hazard classification is given
for this structure according to guidelines contained in Section 2.1.2
of Reference I, Appendix VI. The hazard classification used to

categorize dams is a function of location only and has nothing to do
with their stability or probability of failure.

1.2.5 Ownership: Mr. J. L. Bowman and Mr. F. L. Glaize of

Stevens City, Virginia.

1.2.6 Purpose: Recreation.

1.2.7 Design and Construction History: The dam was designed by

Gilbert W. Clifford and Associates, Inc. The contractor was Whitker
Construction, Bayse, Virginia, which was supervised by Soil
Consultants, Merrifield, Virginia. The 72-inch CMP principal spillway
partially collapsed in March of 1978 when an ice thaw caused the thick
ice to crumple the pipe causing the water level in the reservoir to
lower from approximately 616 to 585. The wrecked portion of the CMP
was removed and placed in the emergency spillway.

1.2.8 Normal Operational Procedures: Water passes automatically
through the principal and emergency spillways as the reservoir rises
above the spillways crests.

1.3 Pertinent Data:

1.3.1 Drainage Area: The dam controls a drainage area of 3.0

square miles.

1.3.2 Discharge at Dam Site: Maximum flood - A sudden drawdown

caused by a partial collapse of the principal spillway in March 1978
allowed the water level in the reservoir to drop 30 feet. Since the
drawdown, the reservoir has risen only about 3 feet after a storm.
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Pool level at top of dam

Principal Spillway ..... .............. ... 291 cfs
Emergency Spillway ..... .............. ... 8125 cfs

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

TABLE 1.1 DAM AND RESERVOIR DATA

Reservoir
Elevation Capacity

feet Area, Acre, Watershed, Length
Item msl acres feet inches miles

Top of Dam 626 250 4300 26.9 1.62
Emergency Spillway
Crest 619.75 172 3030 18.9 1.56
Principal Spillway
Crest (original) 616 142 2410 15.1 1.48
Principal Spillway
Crest (Actual) 585 37.6 376 2.4 .78
Streambed at Down-
stream toe of dam 555+ - - - -

1-3



r

SECTION 2

ENGINEERING DATA

2.1 Design: The dam was designed by Gilbert W. Clifford & Associates,

Inc., Fredricksburg, Virginia. The design data reviewed included the

following:

a. As-built drawings, Appendix I. A site investigation was

performed along the centerline of the dam, on both abutments and in proposed

borrow areas. Exploration consisted of 18 borings. Bag samples and drive

spoon sampling were taken in overburden. Double barrel NX core were taken in

rock. Permeability tests were also performed in rock in two borings. Boring
locations and logs are shown on the drawings.

b. Construction Specifications.

c. Post-construction study performed by Law Engineering Associates
of Virginia, McLean, Virginia, Appendix V. Law Engineering performed a

post-engineering study to evaluate seepage through the embankment. Major wet

areas had developed on the downstream slope. Portions of this study were

made available for this report. A site investigation was performed.

Exploration consisted of five borings along the centerline of the dam and six

test pits on the downstream slope and toe. Disturbed and three undisturbed

samples were taken. In four borings, sealed observation wells were installed

to monitor water level readings. A phreatic surface through the dam was

developed. Soil indices and a classification were performed on several

samples. Compression indices, effective PHI angles, and Standard Proctor

Moisture-Density values were determined based on soil indices and empirical

relationships. A Consolidated-Undrained Triaxial Shear Test was performed on

one of the undistrubed sample.

There are no other known available design data or post construction
engineering data.

2.2 Construction: The dam was constructed under the direction of Soil

Consultants, Inc., Merrifield, Virginia. Available information (Appendix IV)

consisted of inspection logs, a moisture-density relationship per Method D,

ASTM D-698, and field density tests. There are no other known construction

data.

2.3 Evaluation: There is sufficient rudimentary information to assess
foundation and embankment conditions. However, there are no stability

analyses.
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SECTION 3

VISUAL INSPECTION

3.1 Findings:

3.1.1 General: The results of the 29 October 1980 inspection are
recorded in Appendix III. At the time of the inspection, the weather was

fair and cool. The temperature was 450-550 F. and the ground conditions
were dry. The pool elevation was about 580 feet msl, 26 feet below designed
normal pool. The tailwater was at approximately 559 feet msl. There was

flow through the principal spillway by way of leakage around the drawdown
butterfly valve and through seams in the vertical drop-inlet pipe. A prior

inspection report by Law Engineering performed in 1976 is included in

Appendix V.

3.1.2 Embankment: The embankment is in good condition. A sketch

showing a plan view with inspection comments is provided on Plate I, Appendix
III. The crest serves as a dirt road.

There are no signs of surface cracks, unusual movement, sloughing, or

misalignment. A portion of the principal spillway riser pipe collapsed
during a Spring 1978 ice thaw. The pipe is a spiral wound type corrugated
metal. It unraveled during failure creating an eddy current. The current

eroded a large portion of the area embankment. Presently, there is a scarp
about 20 feet in height with a near vertical face. A road was cut from the

left abutment to the riser on the upstream slope about two-thirds down from

the crest. (See overall photo provided at the beginning of the report and
Photos. No. 2 and 5, Appendix II). There is erosion due to eddy currents and
animal burrows around the discharge pipe.

The right upstream and downstream abutments have a dirt road that

traverses the contact. The left downstream abutment is buttressed with fill

and is well vegetated with grass.

There are two wet spots as identified and described on Plate II,

Appendix I. The drawings show a toe drain; however, the owners say no drain
was constructed.

The upstream slope is lightly vegetated with field grass and brush. Also

there are several Sycamore saplings on the dam. The downstream slope is well
vegetated with field grass. The crest is bare. (See Photos. No. I and 3,

Appendix II).

3.1.3 Outlet Works: As previously noted, the 72-inch CMP riser pipe

collapsed in March 1978. The damage was caused by an ice thaw. The
principal spillway crest was lowered to approximately 585 from 616. Portions

of the metal sheeting unraveled into the outlet pipe. The 72-inch CMP was

observed to be leaking at two levels below the crest. A tree limb is resting

in the existing drop-inlet crest. (See Photo. #6, Appendix II). The 24-inch

3-1
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CMP intake pipe is controlled by a butterfly valve at the bottom of the
72-inch drop-inlet principal spillway. The control stem is broken and
inoperable. The valve is closed but the seal is leaking. The 60-inch
principal spillway outlet is partially submerged. (See Photo. No. 7).

3.1.4 Emergency Spillway: The control section is in natural ground with
a few rock outcrops. A severed portion of the damaged 72-inch CMP drop inlet
riser (principal spillway) presently sits in the control section. (See
Photos. No. 9 and 10). The approach channel is grassed and in good
condtion. The discharge channel is steep and heavily wooded.

3.1.5 Instrumentation: There is no instrumentation on the dam.

3.1.6 Reservoir Area: The reservoir slopes are mild. The area above
the original pool elevation is heavily wooded. There are no signs of slope
failure. There is no shoreline debris. The inspection team was unable to
determine if there is a sedimentation problem. No sedimentation was observed
or reported. An overall view of the reservoir is provided at the beginning
of the report.

3.1.7 Downstream Channel: The downstream channel is narrow and shallow
with a wide, flat flood plain. (See Photo. No. 8, Appendix II). Several
homes are located in Nineveh, Virginia, about 1.5 miles downstream.

3.1.8 Evaluation: Overall the dam appears in good condition. However,
it is suspected that damage may have also occurred to the 60-inch CHP
principal spillway when the 72-inch riser pipe failed. A professional
engineering consultant should be retained to inspect the pipe for integrity.

Also the visual inspection revealed certain preventive maintenance items
which should be scheduled as part of an annual maintenance program. These
are:

a. Vegetative cover should be established on the scarp by the 72-inch
riser-pipe to protect the exposed embankment from erosion.

b. Riprap should be placed around the discharge end of the 60-inch
principal spillway to protect the downstream toe from further erosion from
discharge flow eddy currents. The animal burrows around the pipe should also
be backfilled and seeded.

c. Cut all brush and trees on the embankment to the ground.

d. The unraveled corrugated metal in the 72-inch riser pipe should be
removed. Also the tree limb resting on the intake should be removed and the

invert equipped with a trash rack to prevent further damage due to debris.

e. The damaged control stem to the emergency gate should be repaired and
made operable.
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f. The severed portions of 72-inch CMP in the emergency spillway should
be removed. Trees in the discharge channel should be thinned to reduce the
potential for debris to collect and dam flows through the spillway.

g. A staff gage should be placed in the reservoir area to visually

monitor pool elevations.

I
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SECTION 4

OPERATIONAL PROCEDURES

4.1 Procedures: The original design normal pool was established at

elevation 616. Because of the failure of the principal spillway drop-inlet
in March 1978, the reservoir is now controlled by the 72-inch CMP crest at
approximately elevation 585. The reservoir provides minimum recreation.
Water passes automatically through the principal spillway as the water level

rises above the principal spillway crest. Water will also pass automatically
through the emergency spillway when the water level in the reservoir rises
above elevation 619.75. A 24-inch emergency drawdown butterfly valve is
located in the principal spillway intake structure.

4.2 Maintenance: There is no regular maintenance program.

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

evacuation plan for Wheatlands Dam.

4.4 Evaluation: The dam does not require an elaborate operational and
maintenance program. However, a regular maintenance program should be
initiated and documented. An emergency operation and warning plan should be
developed. It is recommended that a formal emergency procedure be prepared
and furnished to all operating personnel. This should include:

a. How to operate the dam during an emergency.

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

the downstream area is necessary.
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SECTION 5

HYDRAULIC/HYDROLOGIC DATA

5.1 Design: None were available.

5.2 Hydrologic Records: None were available.

5.3 Flood Experience: The maximum flow at the dam site is not
known.

5.4 Flood Potential: The 100 Year Flood, 1/2 PMF, and PMF were
developed and routed through the reservoir by use of the HEC-lDB
computer program (Reference 2, Appendix VI) and appropriate unit
hydrograph, precipitation and storage-outflow data. Clark's Tc and Rcoefficients for the local drainage area were estimated from basin

characteristics. The rainfall applied to the developed unit
hydrograph was obtained from U. S. Weather Bureau Publications

(References 3 and 4 of Appendix VI).

5.5 Reservoir Regulation: Pertinent dam and reservoir data are
shown in Table 1.1.

Water passes automatically through the principal and emergency
spillways as the reservoir rises above the spillways crests.

The storage curve was developed based on areas obtained from a
U. S. Geological Survey Quadrangle Map. Rating curves for the
principal spillway, emergency spillway, non-overflow section of dam
and the drawdown outlet were developed. In routing hydrographs
through the reservoir, it was assumed that the initial pool level was
at the principal spillway crest. Two tables, 5.1 and 5.2, show the
principal spillway at elevation 616.0 (original design) and 585

(present condition).

5.6 Overtopping Potential: The probable rise in the reservoir
and other pertinent information on reservoir performance is shown in
the following table:
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Table 5.1 RESERVOIR PERFORMANCE (original design)

Normal 100 I/ 112 PMF PMF 2/
Item Flow Year

Peak flow c.f.s.
Inflow 3 3062 8732 17464
Outflow 3 2605 3380 11611

Maximum elevation

ft. msl 616 617.31 623.03 626.75

Non-overflow section
(el 626.0)
Depth of flow, ft - - - .75
Duration, hrs - - - 2.0

Velocity, fps 3/ - - - 4.1
Tailwater elevation

ft. msl. 559+ - - -

Table 5.2 Reservoir Performance (present condition)

Normal 100 1/ 1/2 PMF PMF 2/
Item Flow Year

Peak flow c.f.s.
Inflow 3 3062 8732 17464
Outflow 3 127 257 5939

Maximum elevation

ft. msl 585 594.5 617.93 624.54
Non-overflow section

(el 626.0)
Depth of flow, ft -...

Duration, hra - - - -

Velocity, fps 3/ -...

Tailwater elevation
ft/ msl 559+ - - -

I/ The 100 Year Flood has one chance in 100 of occurring in any given year.
2/ The PMF 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.
3/ Critical Velocity

5-2



5.7 Reservoir Emptying Potential: A 24-inch gated outlet at elevation
556 ft. mal is available for dewatering the reservoir. The low level opening
through the intake structure will permit withdrawal of about 65 cfs with the
reservoir at present normal pool (585) and essentially dewater the reservoir
in less than 6 days. This is equivalent to an approximate drawdown rate of
3.3 feet per day based on the hydraulic height measured from normal pool
divided by the time to dewater the reservoir.

5.8 Evaluation: Based on the size (intermediate) and hazard

classification (significant) the recommended Spillway Design Flood is 1/2 PMF
to the PMF. Because of the risk involved, the PMF has been selected as the
SDF. The spillways will pass the PMF without overtopping the crest of the dam
under the present conditions of the storage pool.

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

DAM STABILITY

6.1 Foundation and Abutments: Wheatlands dam is located within the
Valley and Ridge province of the Appalachian Highlands. The bedrock in the
area of the dam consists of fissile clay-shale identified as the Martinsburg

Formation of Ordovician Age. Outcrops of the Martinsburg are bluish gray but
turn to yellow on weathering due to oxidation of the ferruginous constituents
in the shale. The Martinsburg shale is believed to mark the trough of the
Massanutten Synclinorium, one of the major geologic structures of the Valley
of Virginia.

Borings performed both by Gilbert Associates and Law Engineering
encountered brown decomposed shale to medium hard to hard fracture gray
shale. Permeability tests performed by Gilbert indicated the rock to be
relatively tight. Rock outcrops on the downstream right abutment and in the
emergency spillway consist of thinly bedded, blue and oxidized yellow shale.
The abutment outcrops strikes N30W with a near vertical dip. The spillway
outcrop also strikes N30W with a vertical dip. The strikes are near
perpendicular to the axis of the dam. The dam axis is N850E.

The drawings show the dam is keyed into rock. Soil Consultants Inc.,
directed construction and records are in Appendix IV. The core starts at
elevation 540.0+ and extends to elevation 616.0+. The width is 25 feet and
tapers to 10 feet with elevation. The drawings also show a foundation toe
drain. The construction logs recommend that the rock toe drain should be
installed. However, the owners reported that no drain was installed.

Law Engineering conducted a post-construction study (Appendix V) to
evaluate wet spots that had developed on the downstream slope. The pool level
at the time of their study was elevation 599. The present pool level is 18
feet lower and no wet spots were observed during the visual inspection in the
areas noted by Law.

The visual inspection did reveal additional wet spots not noted in Law's
report. One spot is located at the left downstream toe adjacent to the left
abutment and extends into the downstream area. The left downstream abutment
is a fill to channel emergency spillway flows away from the toe. A second wet
spot is located 10 feet up the slope from the discharge pipe. It is suspected
the wet spots are due to flow through the embankment existing in the slope,
because there is no foundation drain. However, flow through the foundation is
possible. Even though permeability tests indicate tight conditions, the
bedding is near perpendicular to the dam axis. This condition encourages
seepage by providing near direct flow channels through the dam. This has been
a problem with another dam in the Winchester Area with similar foundation
conditions.
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6.2 Embankment:

6.2.1 Materials: The contract drawings show an earth embankment with a

central cutoff core. As per a Soil Consultants inspection report (March 4,
1976 letter), the embankment has a silty clay core with a silty clay and shale

zone on the upstream side and more shaley material on the downstream side.

Borings B-i through B-4 were performed by Law Engineering along the

centerline of the dam. These borings were drilled through the core and show
embankment material to be a clayey silt and silty gravel with shale

fragments. Soil classifications ranged from (GM) to (ML). Wet unit weights
were in the order of 123.1 to 134.0 PCF. Natural moistures ranged from 15.8
to 30.6 averaging 21.1%. Atterberg limits varied very little with an average

LL - 40 and PI = 12. A Consolidated-Undrained Triaxial Shear Test was run on

an undisturbed soil sample. The following shear parameters were determined:

PHI C

Total Stress 17o 0.2 KSF

Effective Stress 23o 0.3 KSF

Test specifications had an average initial saturation of 87 percent with an

average wet unit weight of 123.1 PCF.

Borrow areas are not designated on the drawings. However, five borings

(P-l through P-14, and B10) were performed in the immediate reservoir by
Gilbert & Associates during design. These borings encountered clayey silt

with shale fragments classified as (CL). The classifications on the drawings

indicate soil property tests were performed. However, no data is available.

The material is relatively the same encountered by Law Engineering's borings
and was more than likely the designated borrow source. Borings along the

centerline of the dam and in the emergency spillway indicate excavated

materials to be the same nature.

The specifications required fill to be compacted to at least 95 percent
Method D, ASTM D-698. The maximum layer-thickness after compaction shall be
9-inches and the moisture content shall be within optimum moisture plus or

minus 2 percent.

Soil Consultants performed three proctors, each representing three

portions of the dam, the upstream slope (designated Front), the central core

(Core), and the downstream slope (Back). The follow moisture-density
parameters were determined:

Dry Density Optimum Moisture

Upstream Slope 106.4 PCF 18.0%

Central Core 94.1 25.0

Downstream Slope 117.4 12.8
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Field densities were performed to monitor compaction. Overall compaction
was 100.2 percent. Approximately 54 percent of the tests exceeded 100 percent
compaction.

6.2.2 Stability: There are no stability calculations. The dam is 71
feet high and 340 feet wide. The upstream slope is 2H:IV and the downstream
slope is 2.5H:IV. The dam was designed for a normal pool elevation of 616.
As a result of the damaged intake structure, the present normal pool is at
elevation 580. The maximum storage pool is 619.75, the elevation of the
emergency spillway. The upstream slope experienced a sudden drawdown during
the collapse of the riser without experiencing any detrimental effects.

As part of Law's Study, observation wells were installed in four borings
and a phreatic surface was developed. The pool level at the time of their
study was elevation 599. Flow is shown to exit the downstream slope at
elevation 575. The present pool is 18 feet lower and no wet spots were
observed during the visual inspection in the areas noted by Law. The two wet
spots observed during the visual inspection had an approximate elevation of
568.6 for the one by the left abutment and 566.7 for the one above the
discharge pipe.

6.2.3 Seismic Stability: The dam is located in Seismic Zone 2.
Therefore, according to the Recommended Guidelines for Safety Inspection of
Dams, (Reference I, Appendix VI,), the dam is considered to have no hazard
from earthquakes provided static stability conditions are satisfactory and
conventional safety margins exist.

6.3 Evaluation: There is insufficient information to adequately evaluate
the stability of the dam. The dam is engineered but there are no stability
calculations. However, visual inspection revealed no instability problems.
Also, the upstream slope experienced a sudden drawdown without any detrimental
effects.

Under present pool conditions the embankment is more than adequate.
Therefore, in light that the dam is engineered, the visual inspection revealed
no problems, and the size of the embankment for the present pool, a stability
check is not required. Overtopping is not a problem because the spillways can
pass the design flood.

However, if the dam is to be reconstructed, the eroded portions of the
upstream slope must be restored. Also in light of the wet spots on the
downstream slope and no foundation drain, a stability analysis for the steady
seepage condition is recommended. Also the spillways should be checked and
redesigned, if necessary, to insure there is no overtopping the non-overflow
section.
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Field densities were performed to monitor compaction. Overall compaction
was 100.2 percent. Approximately 54 percent of the tests exceeded 100 percent
compaction.

6.2.2 Stability: There are no stability calculations. The dam is 71
feet high and 340 feet wide. The upstream slope is 2H:lV and the downstream
slope is 2.SH:IV. The dam was designed for a normal pool elevation of 616.
As a result of the damaged intake rises, the present normal pool is at
elevation 580. The maximum storage pool is 619.75, the elevation of the
emergency spillway. The upstream slope experienced a sudden drawdown during
the collapse of riser without experiencing only detrimental effects.

As part of Law's Study, observation wells were installed in four borings
and a phreatic surface was developed. The pool level at the time of their
study was elevation 599. Flow is shown to exit the downstream slope at
elevation 575. The present pool is 18 feet lower and no wet spots were
observed during the visual inspection in the areas noted by Law. The two wet
spots observed during the visual inspection had approximate elevation of 568.6
for the one by the left abutment and 566.7 for the one above the discharge
pipe.

6.2.3 Seismic Stability: The dam is located in Seismic Zone 2.
Therefore, according to the Recommended Guidelines for Safety Inspection of
Dams, (Reference I, Appendix VI,), the dam is considered to have no hazard
from earthquakes provided static stability conditions are satisfactory and
conventional safety margins exist.

6.3 Evaluation: There is insufficient information to adequately evaluate
the stability of the dam. The dam is engineered but there are no stability
calculations. However, visual inspection revealed no instability problems.
Also, the upstream experienced a sudden drawdown without any detrimental
effects.

Under present pool conditions the embankment is more than adequate.
Therefore, in light that the dam is engineered, the visual inspection revealed
no problems, and the size of the embankment for the present pool, a stability
check is not required. Overtopping is not a problem because the spillways can
pass the design flood.

However, if the dam is to be reconstructed, the eroded portions of the
upstream slope must be restored. Also in light of the wet spots on the
downstream slope and no foundation drain, a stability analysis for the steady
seepage condition is recommended. Also the spillways should be checked and
redesigned, if necessary, to insure there is no overtopping the non-overflow
section.
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SECTION 7

ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: There is sufficient rudimentary information to

assess foundation and embankment conditions, but no stability calculations.

The visual inspection revealed no findings that proved the dam to be unsound.

There is no regular maintenance program and warning system. However, the dam

is in good condition and there is no immediate need for remedial measures.

Corps guidelines indicate the appropriate Spillway Design Flood (SDF) for an

intermediate size significant hazard dam is the PMF. The spillway will pass

the PMF without overtopping the crest of the dam under the present condition

of pool storage. Overtopping is not a problem because the spillway can pass
the design flood. A stability check is not required.

7.2 Recommended Remedial Measures: It is recommended that a regular

maintenance program be established and documented. A formal emergency

procedure should be prepared and furnished to all operating personnel. This

should include how to operate the dam during an emergency, and who to notify

including public officials, in case evacuation from the downstream area is

necessary. Also a professional engineering consultant should be retained to
inspect the 60-inch diameter principal spillway. It is suspected that damage

may have occurred to the pipe when the 72-inch riser pipe failed. This should

be accomplished within 12 months.

The inspection revealed the following maintenance items that should be

scheduled by the owner during a regular maintenance period within the next 12

months.
a. Vegetative cover should be established on the scarp by the

72-inch riser-pipe to protect the exposed embankment from erosion.

b. Riprap should be placed around the discharge end of the 60-inch

principal spillway to protect the downstream toe from further erosion from

discharge flow eddy currents. The animal burrows around the pipe should also

be backfilled and seeded.

c. Cut all brush and trees on the embankment to the ground.

d. The unraveled corrugated metal in the 72-inch riser pipe should

be removed. Also the tree limb resting on the intake should be removed and

the invert equipped with a trash rack to prevent further damage due to debris.

e. The damaged control stem to the emergency gate should be repaired

and made operable.

f. The severed remnants of 72-inch CMP in the emergency spillway

should be removed. Trees in the discharge channel should be thinned to reduce

the potential for debris to collect and obstruct flows through the spillway.

g. A staff gage should be placed in the reservoir area to visually
monitor pool elevations.

7-1
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If the dam is to be reconstructed to original design conditions, the
eroded portions of the upstream slope must be restored. In light of the wet

spots on the downstream slope and no foundation drain, a stability analysis
for the steady seepage condition is recommended. The spillways should be
checked and redesigned, if necessary, to insure there is no overtopping the
non-overflow section for the PMF. t

7-2
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APPENDIX II

PHOTOGRAPHS



PHOTO #1 CREST

PHOTO 2 UPSTREAM FACE



AL1

PHOTO ~3 DOWNSTREAM FACE

PHOTO #4 MARSHY/BOGGY WET
ARLA [4ON TOE OF DAM



. -!! -4 4.5'

Al4

PHOTO #5 ERODED AREA ON U/S
SLOPE AROUND (DAMAGED)
PRINCIPAL SPILLWAY INTAKE

~N

PHOTO *6 72- INCH DIA. PRINCIPAL
SPILLWAY (DAMAGED) INTAKE



11'

all

PHOTO #7 60- INCH DIA. PRINCIPAL
SPILLWAY OUTLET

PHOTO # 8 PLUNGE POOL a DOWNSTREAM
AREA



*404

PHOTO # 9 EMERGENCY SPILLWAY

PHOTO i0 EMERGENCY SPILLWAY
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CONSTRUCTION RECORDS
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UEL: 17M) 60-31:0

October 10, 1975

.lr. Tom O'Tcole
Gilbert Clifford & Associates
. 0. Box 5425

Fredericksburg, Virginia 22401

RE: Wheatlands Dam
Job No. 4894

Dear Tom:

The toe drain as shown was not installed, how-
ever it should be put in.

The cut off core st.rtL: ..L rlov.tion 5400 +width 15.0' + -aL'Tation 565.0 +. Core is 25r

wide I tapers to width of 10.0' * at Elevation
616.0-+. The core was built on the old c-nterline.

Dick has furnished the following notes:

SHEET 3 of 9

1) A rock toe drain could be and should be installed.

2) Back of dam should be seeded promptly.

3) Trash rack was not installed in front of 24" cmp.
Needs to be.

4) Trash rack on Riser was not correct - needs to be

redone.

5) Out flow channel 3ho,jll have rock or small rip-
rap along sides to maintain channel from silta-
tion. Also-chan.nel ..euds to be dredged out after
recent rains.

LIKE PrOP"
.t.

.
OF

L $ 
ANX D'FFERENT

.L



MIr. Tom O'Toole
October 10, 1975 Page 2

6) No inspection was made of the rip-rap at front of

dam.

SHEZT 4 of 9

Berm built of spillway soil and rock - if you want to
show.

This was put in to guard back of dam toe from possible
wash out and as a place to put spillway cut materials.

This was not inspected so would have to be located if desired
to be placed on final drawing.

Road entrance from east-across spillway and across dam
top not shown. Perhaps not wanted on this drawing.

Otherwise - Sheet 4 seems O.K.

Very truly yours,

Glenn V. Wilson
Executive Vice President

... .gmb



CONSL MN'TH. IC. :3 .-UNJVEA STREET. P 0l tX $0 #M IFNIFIki.D, VIRGINIA 2211Is
TEL: 1703) bOO-31 10

M4arch 4, 1976

Tom O'Toole
Clifford & Assoc. Inc.
P.O. Box 5425
Frodericksburg, Va. 22401

Dear Tom,

In reviewing the Plans on *Wheatland Dam, I note a
few changes that should be put an the final plans.

1. The cutoff core ex~ten~ds to the water line. Act-
ually it is a zoned, fill to the waterline, wi4,,h a canter
silty clay cora, wit-h silty clay & shale an the upstream
side and more shaly material on the downstraam side.

2. The toe drain *aas not installed. I think it
should have been, but if there is any seepa'e, it can
easily be installed. You should advise Claize & Bowman,
that if they obsan-e any seepage a toe drain should be

3. There is a b-i etwaen the downztrrnam side of the
emerge-cy Sai 'way k.nd the dr.This will have to be located
in the f;eld.

As I told vou ::y phone the dam looks good and is about
one fourth !ull! Thes valve is not completely closed.!!
with the s::co! o the -tnree 2.tans it was constructed
according to You: pIans.

You~s very truly,

Gl.enn V. Wilson
Execu4tive Vice President



gilbert w. clifford & associates, inc.
ROUTE ?7 AT flqr * PO BOz CAI * PEOS" " S3U.G 5 AG.N.A 22401 * 703/752.$01!

BOARO OF OIRECTORS G".lT W CFPWORO P E TWOMA J 0 TOOLE P E EARL I SurlgLANQ. P g.

August 14, 1975

Mr. James wman & Mr. Fred Glaize

RE: Frederick County
Wheatland Earth Dam

DeLr Sir:

Subsequent to our discussion and my visit to the site on Wednesday August
6, 1975 and my return visit on Monday August 11, 1975, it is apparent that
several matters require clarification.

1. Normtal Water Level: As we all know the original design called for
normal water level to be 606.00. At your request, the possibility of raising
to the 6t6.00 elevation was investigated. rt was stated at that time that the
northern finger of the reservoir possibly would be off your property. From my
field reconnaissance on Monday it is evident that it definitely will be.

Another matter of consideration in raising the water level is the effect
on the springs feeding the reservoir. At 606.00 it is questionable as to the
adequacy of the springs. To add on additional ten feet may result in further
compounding the problem. Naturally, we all recognize the unpredictability of
springs and! hopefully this will not present problems in the future, but it
definitely is of concern to us.

2. Roadway over'dam: As you will recall t-he Virginia Department of
?i;hways will not accept a road over a spillway and dam into their system.
Therefore, the type of road originally designed over the dam was to a private
road with dual lanes 22' in width and 8' shoulders. In the vicinity of the
spill-day it must be borne in mind that the road will be subject to flooding.

Therefore, assuminq the normal water level is to be 616.00 and the top
of dam at 626; for the roadway over the daam to be forty foot wide, the 24
Lnch pipe will have to be lengthened by 8 1/2 feet and the 60" 14 feet. This
will permit a 2.1 slope on the upstream side and a 2 1/2 to 1 on the down-
scream. This is the reccimmended design.

6.91 ,'- ... 4.; IT fl..,,, 2,
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- .. -:4r. ae 3oman a *Ux. Fred Slaizo
Paqe 2
Au ust 14, 1975

:f after you have had time to review this please contact us as to what
course of ac.ion you wish to pursue.

Very truly yours,

GILBERT W. CLIFFORD A ASSOCIATES, I1C.

Thomas J. O'Toole, P.Z.
Vice-President

M.
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RESULTS OF IN.PLACE DENSITY TESTS

lfrATLMNDS DAM
I.. ,s..eI

_ .- R!CK CCt,-Y. VIRGINIA

. LAEL MAIIMU ANM -S L. BOWA

7[ST WET PERCENT DENSI MAXIMUM OPTIMUM PERCENT
NO LOCATION ELEVATION DENSITY MOISTURE DENSIT D Y MOISTURE COMPAC.o.PCF MOSU E PCF l DENSITY PERCENT TION

PCF

7/30/75

D-71 CORE 57512 114.80 20.4 95.35 94.1 25.0 101.3

-22 COPE 575± 115.20 20.7 95.40 94.1 25.0 101.4

-23 FRONT 575. 117.30 18.6 98.85 106.4 18.0 93.0

-24 FROIT 5751 119.10 17.6 101.30 106.4 18.0 95.2

0-25 LACK 575- 130.40 12.8 115.60 117.,  12.8 98.5

0-26 BACK 5751 130.90 12.3 116.55 117.4 12.8 99.3

-27 CORE 582t 114.45 19.5 95.80 94.1 25.0 101.8

0-28 CORE 582- 115.00 19.7 96.10 94.1 25.0 102.0

0-29 FRoN 582* 1 120.50 16.2 103.70 106.4 18.0 97.5

D-30 FRONfT 582- 120.80 15.7 1014.40 106.4 18.0 98.0

0-31 BACK 582* 129.50 12.2 115.40 117.4 . 12.8 98.3

0-32 &ACX 582t 129.00 11.7 115.50 117.4 12.8 98.4
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TEL. 703 560-31 10

F!ILD CISITY TEST qEPCRT

CL:E1T: Fred Glaize, and James Bowman REPRT DATE: September 16, 1975

P..EC: lrheatlands Dam Site TEST DATE: 8/29 & 9/2 & 9/8/75

LOCATICN: Fredrick Co., Virginia WEATHER:

PmOx.CT No: SCI Job No. 4884

FIELD DATA LAS DATA

:b. Field FielA (1) Opt'mn (1) OJT,,LUa Pexce't roat.onS
De.sity Mist.-e biste - Density C=TPaction

3-41 118.30 11.0 12.8 117.4 100.7 Front, 605

3-42 115.20 13.0 ' 18.0 106.4 108.2 Core, 605

D-43 117.95 10.7 12.8 117.4 100.4 Back, 605

D-44 117.65 11.6 12.8 117.4 100.2 Front, 6.0

3-45 117.80 11.8 12.8 117.4 100.3 Front, 610.

3-46 110.15 15.3 18.0 106.4 103.5 Core, 610

0-47 110.45 15.6 18.0 106.4 103.8 Core, 6.0

3-48 115.30 11.0 12.8 117.4 98.2 Back, 610

:-49 115.10 10.7 12.8 117.4 98.0 Back, 610

3-50 115.70 11.0 12.8 117.4 98.5 Front, 616

A=xe tests results re.reent srt checks only.

:ita: -.sities .- orted in gzs per cubic foot, dry.

..-. density in -lidance wit--: ASTM-D-698-70 C

Tcstinq Ttdic.xn:

listributio: ./"" * /,'"

-2 char& C Ance-son
Dir ct'- Technical Servict

LIKS PSOPLZ.SOILS ARS u)IFFZRE.VT
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c:ONSS LT'A NT -C. 200 JUNIPER S "REEr. P0. O 86. MERPIFIELO. VIRGINIA 22116 "
TEL. 170) 560-3110 felt

FIELD CeST? TEST REOCRT

CLI&,T: Fred Glaize, and Janes Bowman REPORT OATE: September 16, 197

PROJECT: Wheatlands Dam Site TEST DATE: 8/29 & 9/2 & 9/8/75

LOCATION: Fredrick Co., Virginia WEATH:,

PROJECT NO: SCI Job No. 4884 T

FIELD DATA LAS DATA

1,b. Field Field () Cptuim t) M Maxlm Percent ITcat ions
Density Moisur-. Moisture D ensity Carpaction

n-S1 115.75 10.9 12.8 117.4 98.6 Front, 616

0-52 116.20 10.5 12.8 117.4 98.9 Front, 616

D-53 106.10 14.3 18.0 106.4 99.7 Core, 616

D-S4 107.05 14.3 18.0 106.4 100.6 Core, 616

D-55 114.70 10.0 12.8 117.4 97.7 Back, 616

D-S6 113.20 10.0 12.8 117.4 98.0 Back, 61'

D-57 114.65 9.8 12.9 117.4 97.6 Back, 616

D-53 i05.65 ' 13.5 18.0 106.4 99.3 Core, 616 4

Above tests results -mpesent spt c-:eks only.

Ntat D-sities rerted in puxs per cubic foot, dry.

Mac.i.r--n density L a rd- w-i-: ASTM-D-698-70 C

?esti. ednn
Distx_ ±'ion; -.. .

~. .* V
'( LC!t1ACk k. Andt. rort
Uir,.ctM1e? tcc.iL Services

LIKZ pEOPLSOI.$ Ass MIFFZ.pWVT"
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RESULTS OF IN-PLACE DENSITY TESTS -

Wh.tlandz Oam Site

Fredrick Co., Virginia

GOaize Develorent, Co.

-=- ~AST.%-D-699-70 C ili

TEST. WET DRY MAXIMUM OPTIMUM PERCENT
NO LOCATION ELEVATION DENSITY PERCENT DENSITY LAB DRY MOISTURE COMPAC-

PCF MOISTURE PCF DENSITY PERCENT TION
I I PCF

D-6 3 + 00 J 559' 111.30 13.5 i 98.10 94.1 25.0 104.3

D-7 2 . 75 559' 109.90 14.7 87.05 94.1 25.0 93.5

o-a 2 + 50 559' 108.60 15.8 85.10 94.1 25.0 90.4

D-9 Retast I
0-7 559' 112.30 13.4 99.00 94.1 25.0 105.0

D-10 Petest
D-8 559' 112.00 13.7 98.50 94.1 25.0 104.5

II

I I

' I

I I I _ _ _ __

"'-Richard C. Anderson -

Director: Technical Servi-ces

.- ,-. ....... . . .,..i.. .. 14..
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4 - 3N -4tj 1 :,% -T%4. I.-C. =a JUNIPEA STNtftf. P..rr"INIFELU. ViAGNgA 221 It
TEL 17CUlI W31 0

Jab tName e nd Location- . .. /d4

Convraclot

df Saik

Unified AASHO

Matsoal Mark _______________Classificatia ________Clssiftatio

Source of Material

Natural Water Content_____ % Natural Dry Density - PCF Specic Cnawnty

Liquid Limit _________% Mlastic Limit _______% Plasticity Index __________

IL Test Procedure Use&-________ _________________________

C. Test RasultL. Maximum Dry Density _ ~ 4-. ( PCV OPtiMum WAtr Content 2.5 .0%~

I t II 1

VATO COX=TT PLRCZffOFC!M !W4
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", b" July 14, 19

RESULTS OF IN.PLACE DENSITY TESTS

Wheatlands Dam

_Zrs~dick Co., Virginia

Glaize Development, Inc.
ASTM-0-698-70 C ,o

Ttsr WET DRY MAXIMUM OPTIMUM PERCENI
No. PLOCATION ELEVATION DENSITY ERCENT DENSITY LAB DRY MOISTURE COMPAC.

PCF MOISTURE PCF DENSITY PERCENT TION
.. P______ ____F

7/7/75

0-11 2 1 50 564 + 114.65 15.4 99.40 94.1 25.0 105.8

0-L2 3 4. 00 564 . 113.80 16.0 98.05 94.1 25.0 104.0

D-13 3 + 50 !564 +_ 113.70 16.4 97.70 1 94.1 25.0 103.8I I

D-14 2 + 50 5689 113.65 15.9 98.001 94.1 25.0 104.0

D-15 3 + 00 569 + 114.60 16.6 98.25 94.1 25.0 104.4

D-16 3 + 50 i568 + 113.40 "16.0 97.70I 94.1 25.0 103.8
7/9/75

D-17 0 *- 25 Cradle 113.00 19.9 94.25 94.1 25.0 100.0for
0-18 0 + 65 Pipe 113.40 19.4 95.00 94.1 25.0 100.9

D-19 1 + 10 K 113.70 20.3 94.55 94.1 25.0 100.5

D-20 1 + 40 113.20 20.2 94.20 94.1 25.0 100.0

L

._Rchi.r:1 C. Andersonl
Dirvctor; Technical Services

II

.4 .' - " -



SOIL CO,SLLT.,NTS. INC.

* mtV i.0 vcr.:n a 22116, 4994

July 14, 1

RESULTS OF IN.PLACE DENSITY TESTS

IFZATLJVDS DA.4 S TE

Fredrick Co., Virgin-a
I v.Ie, l.d

Glaize Development, Znc.
%STm-D-698-70 C e l

TST.. WET DRY MAXIMUM OPTIMUM PERCENT
NO.T LOCATION ELEVATION DENSITY MOISTUR DENSITy L DRY MOISTURE COMPAC-

NPCF PCF PERCENT TION

7/9/75
' Above

D-21 0 + 25 Cradle 121.95 12.0 108.80 106.4 18,0 102.3

D-22 0 4, 65 " 121.60 13.2 107.45 106.4 18.0 100.9

D-23 L + 10 • 121.50 12.7 107,85 106.4 18.0 101.4

D-24 1 + 40 a 121.80 12.6 108.20 106.4 18.0 101.7

D-2S a + 25 1 Over 120.00 14.2 105.10 106.4 18.0 98.7

Pipe
D-26 0 + 65 a 120.60 14.4 105.45 106.4 18.0 99.0

D-27 1 + 10 a 119.S0 14.8 104.10 106.4 18.0 97.8

D-28 1 + 40 0 119.10 14.7 103.85 106,4 18.0 97.6

Il

i i
* TSTerncl evte



SOIL CONSLLTANTS, 133C..

fuly 14,

RESULTS OF IN.PLACE DENSITY TESTS

;r-EATLA NIDS DAM SITEI ... . .... !!,

Fredrick Co., Virginia
Glaize Development, Inc.

ASTX-0-59-70 C . _______

WET DRY MAXIMUM OPTIM',UM PERCEZ.
TEST: LOCATION ELEVATION DENSITY PERCENT DENSITY LAS DRY MOISTURE COMPAC
NO.* PCF MOISTURE PCF DENSITY PERCENT TION

PCF_ _ _F__ PCF _

7/9/75
Above

D-21 0 + 25 Cradle 121.95 12.0 108.80 106,4 18,0 102.3

D-22 0 + 65 121.60 13.2 107.45 106.4 18.0 100.9

D-23 1 + 10 121.50 12.7 107,85 106.4 18.0 101.4

D-24 1 #- 40 121.90 12.6 100.20 106.4 18.0 101.7

0-25 0 + 25 over 120.00 14.2 105.10 106,4 18.0 98.7
I Oep2

D-26 0 + 65 * 120.60 14.4 105.45 106.4 18.0 99.0

D-27 1 + 10 U 119.50 14.8 104.10 106.4 18.0 97.8

0-2? 1 + 40 0 119.10 14.7 103.85 106.4 19.0 97.6

I I
I

I
I ,

-- ... ,..,."."....i ,__,,,!,._____ _____.L._.__,_,__ ... .

- Rich ad C. Anderson
Director: Technical Services
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POST-CONSTRUCTION STUDY
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LAW ENGINEERING ASSOCIATES OF VIRGINIA
Geotechni~cl and Mastriela Engineers

P. o. DRAWER G 1 7913 WESTARK DRIVE I MCLEAN. VIRGINIA. 22101 (1703) 7904700

November 21, 1980

U. S. Army Engineer District
Geotechnical Engineering Section
803 Front Street
Norfolk, Virginia 23510

r.TTENTION: Mr. David A. Pazza, P. E.
Chief Engineer

SUBSJZCTI Information Pertaining to Wheatlands Zam
LETCO Project No. W-0-2982

D4ar Mr. Pezza:

in regards tc our telephone conversation of Fovemter 19, 1980.
we are sending you the .nclojed information. Mr. Frei Glaize,
1i1, has authorizid us to send selected appeniices to our
1976/17 ptudy of the da.. The appendices which we have been
authorized to release include the bcring logs and the labcra-
tory test data. He has also authorized us to send copies of
field test results conducted by, and letters written by Soil
Consultants, Inc. during construction cf the dam in 1975.

If you h&vp any questicns regarding this informatizn, or if we
can be of further Esslstance, please contact %is.

Very truly yours,

LAW ENGINEERING hSSOCIATES OF VIRGINIA

Herald W. Van Aller
jeotechnical Engineer

o a, Jr.. . E.

General Partner

cc MIr. re laize

AT' ANlA *SI RMINMM * €NAR t C • OLUMUIA • JAC NVI4 * MiAM, * h4%HVILLL * ORLANC40 * ALCIGH. T AMPA WASMINOTO". Q. C.

.-. s'Je J 4I s ._ , ~i 4Whk 4,4.. "', ,,



3.4 Groundwater

The elevation of the reservoir at the time of our investigation was approxi-
mately +599 MSL. Water level readings were recorded in sealed observation
wells located in the soil test borings. The water level in these casings
were monitored during our field operations and prior to our field oermeabillty
tests. Water level readings are shown in Table I.

TABLE I

WATER LEVEL READINGS

Elevations in Feet, TSL

Boring No. 12-20-76 12-23-76 12-30-76 1-4-77

BI Dry Dry Dry

82 591.8 592.7 592.0

83 587.0 588.9 591.4 591.0

84 - - 597.2 596.6

Estimated water levels through the dam are shown on Drawing 2, "
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TEST BORING RECORD
N

APPROX. STRATUM or
ELEV. DEUh VISUAL SOIL DESCRIPTION D SR K CR S REMARKS

020 0.0

2 I.LL brown and gray c ysy silt and sity 2 10 22
ravel, race of mad and shale fragmanw

4.5 10 17

620
607 11 13

9.5 6

1Gs

14,5 10 ,26

610

L115 13 14

605

2U 3 23
6oo

=95 15 31

S.'

33.5 
i0Brown and geen decomposed SHAE 345 0 --

590

39.5 15 L ON

40.0
586 Barin Twinated 0 40.0'. 12-10-76 NOTE: Piezometer installed

to depth of 17.0'.

It

K- Sou Symbol Pse o..L BORING N'B3ER; B-1

D- S mple Depths CR DATE DRLLEDt 12-10-?6S

.4 - Penetracion in biow [SR Sample Spoon RscMovez JOB NUMdER: W..4 ,
per foot (ATM to in inche s W1HEATLANDS DAM

is1 S.grmboha Decribed l
Rer DOUBLE TOLL GATE, VtODqIA

22 Undisturbed Sample (AST D-15847 STATION L,00
CR -1%Core Rcovery, 'x 12 Water Lsee. time of boringor BX deignate bit 70

me (ASrA D.2113) M 14. wat Erd
00 4 Lo ofw

16 C Caved Depth of B094116

- -.I Jc, ,,., o



TEST BORING RECORD
APPROX STRATEN3

EL, EV. DEPTH VISUAL SOIL DESCRIPTION D SR I CR REMARKS
626 0.0

' I FIL, brown -ad gray deminpood ,", 1 10 54
a ilty day

620 12 3
6.5

FELL. light brown day'ey silt
and alty gravel with hale fr'qmeats
and ace offine and

615 11 14 i

610 16 14 24

606 21 16 17

600 2 10 14

sob 31 8 ¢€22

34.2. 12.23.76

590 36 12 1

S88 41 9 49

* 580 46 10 0
£
I . _

* 49.0
Se. Page 2

Continued oan Pep 2
K -Sil Symbols Page _I 4t BORING N'U3MBER: 3.2

D - Sample Depths " CK DATE DRILLED: 12-21.76

N - Penetration in blow • Sample Spoon Recovery JOB NUMBER: W4S7

pet root (A o'h 8 in inches
DbsIsd) 18 S Svmbols DescTibed Seioj WOUALA GD E DAvd____________DOURLE TOLL GATE, ,IRGIONIA

22 Undistubed Sample (ASI D-1587) STATION 2*)
CR - Cove Recovery, NX 12 WaeLvltmofbinof aX deignates bit 70 Wter Levei. tmeosiuW

.. e(ASrA 1>2113) 14 Water Level
00 Lae of Water
x 15 C Caved Depth of Baoing

Mai.



TEST BORING RECORD

APPROX. STRATUM
ZLEV. DEPTH VISUAL SOIL DESCRIION D SR K C I RD4ARKS

576 50.0 Continued from Page 1 -

875 Very stiff orange and brown allty CLAY with

same shale fragments (CL) 5 29
(Posble Fil)

570 58.0 55 0 L
Medium bard to bard frac:turd pay SHALE 100

13%

60.0 Sing Terminated 9 60.0', 12-22-76

60 NOTE: Plezometer installed
to depth of 80.0'.

K. Sad Symbl Pag of B ORING NV0ABER: 9-2

D- Semploe Dept's Ci DATE DRILLED: 12.21.76
IJ JOB NIULMBEI : W41-I491

N - Penetration In blou Sample Spores R.eovorR
per foot (A.S'ITN is in InblchesDI)S4) 18 SL ,.ymbols Dm,'ed Uhfo.r WTh'"L DS DAM

2 iDOUBLE TOLL GATE. VIRGINIA

CR - % Core Recoery. NX Undisurbe Sample (ASTM D~1t567) STATION 2.00

of BX desgatm bit 70 1 water Loved, time ot boring
A"e(ASTM D-2113) 14 Water Lwd

1005 Lam Of water
CC Cved Depth of Borln8



TEST BORING RECORD
N

APPROX. STRATU.M o
ELEV. DEITH VISUAL SOIL DESCRxprION D sa x C, a EMARKS

.626 0.0

625 FILL, brown and P ry siltY PaveI daY*Y silt
tawe of fine end and shale bIaV ,

At (dY)

620 6 13 38

a 14 21

01311 13 14

610 16 14 13

20.0'
0. 

24 RecoverY22.0'

23 15 15

26.0

600 FELL, brown daycy silt. tme- of 9avW. 26 15 20

30.0

595 FILL.brown siltY ravel with clayeY 31 1 16
silt. trau of und and shale fnment3

37.1', 12-23-76

583 41 14 24 NOT: (1) Hole dryattims

of boring.
; (2) Plezometst ini staled to a depth

€ MO46 1 33of 39 feet.

47.0 Sorng Temiasted 0 47.0'. 11-25-76

z. Sod m Pae .L of. BORING NU'ABER: 114

D- sample Depths oCl DATB DRILLED: 12.76

N. Pentmetion in bloa l R Smple SpOOe R JOB nTh4BZ: w4-1487
per foot (AST s18 in inebaD

D-_86)is__________ibe MO DOUB1LE TOLL GATE, VIRGDIL&
22 Undleted Sample ( ASTM D-1 U17 ST!ATION 26

Ca. Core RecoverY. NX Wae L.ti o orft
Or X designt bit 0O
fe (ASTh Du211) 14 WerLd

00 4 oof Wate
18 I C Caed DePchOf SatofW

71..



TEST BORING RECORD
A" ROU3TP.ntU or

EVI. DE? T, VISUAL SOIL DIESCROMON D BR K CR 8 R KsAXU

625 FL., brown and gray layey silt and silty
pal. with shale wmants 2 12 14

60 
is 23

7 12 is1

8.3
FILL grtay and black weathered shae . 5 65

615

13.0
FILL brown and pven silty pa've and 14. 12 27

610 clayey silt with shule fragments and organic

M 6 33'

6065 
20"S' 17" Recovery
22.5'

23.5 13 22

28.0
FIL, ULight brown elayey Alt and silty 2 13 16

595 gsravel win shale fapme sn

54. 13 17

44. 128

II

580
a t 44.5 14 tI

Coetinuad on ag 2
K Sadl Smols pp.i of B ORfIGNIMhI Ef:

O Sampe Depthe ost DATE RIALLED: 12--6

m fJOB NUMBER: W-6.1487.4 • Peetrtion in blows R.- Simple Space Reo

per foot (ASTM 1 in inebas WIEATLANDS DAIrD.16") 28 Lv bt ecrbdBlg DOV.BL.E TOLL GATE. V]ItGC'QA

22 Undisturbed Sample (AM D.O) STATION 4 00
CR- Core RaeoverY. XX T 1ts

ot NX deinates bit 7 0 1 Water Lewd. ume of bag
an (ASTM hl2113) 14 Wate Lied

100 IL LofWter
X to C Cavd Depthoflorla

-ALL---



TEST BORING RECORD

A"ROX.STRATrf C,
EMV. DEPTH VISUAL SOiL DZSC ION V Sit K CR II RMA

.JZL soE.. Continged 1%o, hat. I _________

75 FILL. ULht brown daye silt and siltY

53.0 gravel wit sbado bagmests

Very stiff orange ad boom lty CLAY Ka a 20
mac of "hale fragments (CL) -(Potble Fill)

570

70 
5910 16

62.5
Soft to modeatly hard pay

360

68.0
Boring Terminted 0 63.0', 12-9-76

NOTE: P zometer installed
565 to depth of 36.0'.

K. Soi Symbol$ BORINo..2, U MBER: B

D • Sample Depths ".CR DATE DRILLED: 124.46

N. Paecrtlo is blova; Sample 8=010 e 'OS 41318 W4.146T
per foot (ASTM 18 I in AeN$P486 1 S. Simbol- Pmeibe sin. WlfE TLAN8 DAM
D-1_ ) DOUBLE TOLL GATE, VIINIA

ci ), ,,X22 Undisturbed Sample (ASTM 0-15671 TATZON 4.00
C- %Cor Recovery. b 7 I Water Laval. time of boeing

or RXdsgatsbt 7

size (AiTM D2113) 14 WaereLaval

00 4 Lous of Waers
16CCaved Depth of Borig

as. . .
I .. 15



TEST PIT RECORO

APPROX.
£LEV. STRATUM

(FL) DEPTH VISUAL SOIL DESCRIPTION REMARKS
598 (Pt.)

TOPSOIL
1.0

FILL, brown silty clay and clayey silt
with coare shale fragments

596

NOTE: Jar sample 0 8.0'.
690 .0 Test Pit dry at time of

e ncsliion.

SIZE OF TEST PIT:
2,X 10

ORIENTATION OF TEST PIT:
NORTH-SOUTH

-80- Water ew a noted

Water lewd at otie o(tecawudom TST PIT NUMBER: TP-i

Had Peeummate Test (7li) DATE EXCAVATED: 12,20-7G

T.V. Tonme Tat (TSv) JOB NU,,BER: W4-1487

F.D. Fiel Deniy Tea (ft) WHEATLANDS DAM
DOUBLE TOLL GATE, VIKG4LIA

Metbod of RIzaleom: sakie STATION 1.00

.I,



TEST PIT RECORD

APPROX
KLEV. STRATUM

(7t4 DIP"h VISUAL SOIL DESCRWTION REMARKS

TOPSOIL

PILL. brown sandy vity day with
ense shae and arni

4.0 NdOTE: Jar "=Pie at 3.0'.
Teat pit dry at time of
excavation.

SSG

SIEOF TEST PMT

OWENTTIONOF TEST PIT:

-Nr Wate. lewdI W noted

S Wane level as dmn of excavaion TEST PITM-ANXER: T

4p Hland Penecrouet Teat (71?) DATE IXCAVATZD: 12-20-74

T.V. Tanuae Tue (117) J1IUU: W1

F.D. Field Dmrnis Tue (754) WIEATLANDI DAM
DOUSLE TOLL GATE. VIRGU4A

Maesbod of zamvsdee Iaekho STATION 24W0

4 . ~~~I N M . . 1 : '-e 
a n nuAoI. ..L



TEST PIT RECORD

APROX.
BLIV. STRATUM

(FL) DOETIH VISUAL SOIL DESCRIPTION RIMAR9KB

TOPSOIL

111. brown sat clay nd elahey

out. us of pa et

NOT!: Jar sampjle 8.0,

SIZE OF TEST PIT:
2* z 10'

OFIL'(TATION( OF' TEST PIT:

NORTH-SOUTH

- Water levdl I mted

%Z-- Watr levela d e of tsc-i-te, TEST PIT .;VMBER: TP-3

Hand Pauemstr Tet (77
)  DATE EXCAVATZED: 12-20-7 1

T.V. Tonase Touo (7Ml JO! MU&:R; W--1487

P.D. Pleld DessitV T t (ft) WHIATLANDS DAM

DOUBLE TOLL OAT!. VIRGINIA
: letbo4 of xamti~tt; S,-.kla STATION 3*00



e4

TEST PIT RECORD

APPROX
ELEV. 57TLATUMl(F.) DEPTH VISUAL SOIL DEsCRtoON REMARKS

560 (Pt.) ____________________

TOPSOEL

1.0
L brown alty day

565 5.0
Brown silty CLAY with "hae

8.0

NOTE: Jar Sample 0 8.0'
546

SIZE OF TEST PIT:

21 X 10'

ORIENTATION OF TEST PIT.

NORTH-SOUTH

NOTES:

m Wate lo l m noted

'.t. WOW VOae lel at im of ezeavado TEST PIT NMBER: 1P.4

qp Mad husr.o ate Tat (g11) DATE EXCAVATED: 1 20-'6

T.V. T'ane Tat (isr) JOB NLIBUR: W-6-1467

P.D. i Dendt Tt (,L)

WIEATLANDS DAM
Method of Zascavim: t-khe DOUBLE TOLL GATE, VIRGDCA

STATION 300

II



CJ

TEST PIT RECORD

APPROX.
ELEV. STRATUM

(FL) DEPr. VISUAL SOIL DESCRIPTION REW4AKS5'75 (Ft.) ____________________

) TOPSOI-
1.0

FILL. ugiht brown iuty day,
o-ac. of -bal and organia

U-ndisturbed sample at 3.0'

570

80
NOM Too pit dry at tim of

sicantieft

56

SIZE Of TXST PIT:
2' X 10'

ORINTATION OP TEST PI'T

NORTH-SOUTI

- Water level as noted

%09 Wae level as time of ezxcmvad TEST PIT .NU BER: T

v Hand Penetrometr Tat ( 1?) DATE EXCAVATED! 1220-75

JOb Nd I1ER: W-61487
T.V. Tosan Te (TIFr)

P.D. Plad Dowy To& (FL) WWEATLANDS DAMi
DOL-BLE TOLL GATE, V'tGDJlA

Method of tuavedoo. lllog STATION 4-00



TEST PIT RECORD

APROX.
ILEv. STRATUM
(pt.) DEPTH VISUAL SOIL DESCRIPTION REMARKS

570 (Pt.)
0. 7 TOPSOIL

FILL, brow silty clay.
trace of' GhW*d thments

S"

6.0
NOTE: Jar mmpis at 8.0'

660

SIZE OF TEST PIT:
2'X 10l'

OPJENTA71ON Of TFEST PIT:

NORTH-SOUTH

NOTES:

-WlP Wate level W noted

".)a, Wa. level at tim of excalvad TESTT PITNN*'BZR: TP.4

qP Hand meaoaetw Teat (T F) DATE EXCAVATED: 12-20-.6

T.V. Toaenme Tea (1SW) JOB NUMBER: W4-1487

f.. elu Dematy Tot (L) WHEATLA.NDS DAM

DOLUBLE TOLL GATE, VRGIIA
Method of FZzesvad: Baecdboo STATION 4.00

4.,
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LETCO SQLL DATA REURr SHEET

SOIL exeprc i-Jk hAiLANDS OAA ao-Ido7
ourd.4i,J ;t~ - B-2
bAAeILE IrciN,'6iICArIGN a SS d20.0-21.5 FT.

SI 6v A4ALL6 Ir S~. ________

t I=AE #.w.n , i-ErCExT
L,.wMO6Ex RSiALtO FINESR

~32 0. 100.0 1 - 2
i4Il.d 9____.3___

.3 jj d6.7 _ _ _ _ _ _ _ _

4 37:s 1.4 ..----

10 51 .2 70.8
20 00.5 05.5

11 5 . Q 62.9 _____ _ _ _ _ _ _ _ _ _

ioc 70.4 5 o

i-EkCkiTALJc CLA5SIFICAT1UJ IS
21.6.' jk~AvEL 38.6Z SAND 5V9m r;IIES

&Aw INlovretE.148 Fr3?Wpo co"Afff



OAA103 510 ARMY ENGINEER DISTRICT NORFOLK VA F/6 13/13
NATIONAL DAM SAFETY PROGRAM. WHEATLANDS DAM (INVENTORY NUMBER V--ETC(U)
OCT 80 J A WALSH

UNCLASSIFIED NL22 IIIIIIIIII%!



LTCO SUIL ZATA REPCRT SHEET

SO~IL PRULPERYIES iOR VHEArLAIJos OAA 4I0-14b7
zjRIN iuojcER a B-3
bAmti'LS ICj,%TIFICArzoth - UD a 20-22 iT.

be"ECvuic QkiAviry a 2.71
iT Uoi adilwHT a 123.1 I ICI

.iATURiAL MO~ISTUREj Ct;NTSNtT a 21.5 PERCEi~T
Lee4~ tI Fi 0101.3 iCF vJLD RATIt; 0.669 P~ERCENT SAT.- 87.1

SIEV~E ANALYSIS r ~w
£i;d wCUN .w*T IaEiWCENT _________
i.uM5E.R RETAIiNED FINtER__________
.32 0. 100.0_________

34 24.1 82.5
.38 33.7 75.5

4 40.d 10.3
10 49.1 64.3
20 5d.f 57.7 '_________

40 05.4 52.4
ou 09.9I 49.1 1H
1oo 71.A 47.7
ZOO 73.0 46.9 ________________

eLASTICITY P?R.jERTIEST jF MAT. PASSING NOj. D SilcVE

vLASTIC LImIT IS as
L1li~ul! Li.-4lr is 39
eLASTICITY IoCEX IS 14
LL.,AIDITY IA'DEX a -0.29
rI/A-LIAE i'i IS a 0.91

A~m'IJA. SOIL PqjV BASE.D UN A8OvE DATA AND EMViRICAL 4ELACIDNSHIPS

Cj;ARSSSI~jN INDEX (C) IS 0.2o -

EFECTIvE riKI ANiGLc IS 33 4-U - A rEGREES
OL .AIND etw .CTUirl m.C4STURE IS 20.0 9
STAN"D rACT.2k .AX DENSITY IS 102.o PCi;

eErtCE4AGE CLASSIFICATI;rA IS
2,,;.7% GRAil. 23.4% SAN4D A0.9% FINES

vlvlrIl D ,CIL CLAssiEicAriDN is
Up SILTY kAvEl.

AASI-0 SAIL CLASSIFICAThMt IS
A-0 411Hi~ - jU INDEX Ur* 3 CLAYEY S.jILS

tAW V441"1rmwo tS't ,gCemp.,

- ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __L



-. UETCO SLIL CATA PVLOT SFEET

PA.wATE FuR bvwUATLANDS DAA .ac-Itdi

~A~.L~dLC~LiCA1~w 530 25.3-26.5 rT.

bi~C1,It *3AviTY *2.03
.AOM~AL vwl6ukE CU4Tve 22.0 erC~tf

b1:vE Aivu'LYSIS r-tr .r...

.34 li 110.0

2u 35.j 04.1
40 40 .0 5.

200 A(.4 5 1.9

rLASTtIIY IOI..tIERTIES GF MAT. iJASSIIG N'C. 40 S1I-vE

rLAbTIC LALT 15 30

rLASTICI±'( IaiZX 15 12
Li,;tiDlfY 1.4CtX - -0.65
rl/A-LlivE eI IS - 0.15

Aa.Aa6X. S31L PRUA. 5ASEC uN Acuim CATA ,'i0 i.PLICAL PELAMINS!-IrS

~'~S1Ji~I.'dEX (CC) 1S C.28
CFFZC-'LV &1il Ar.GLz 15 3J + JR - A r~E0PF--S

SCAP20 ipLC-,; UP,: OEi$TY IS 99. 6 PCF

rtrC~iirAG0 CLASStrICAIO6 IS
lo.71 OF.AvEL 31.4% SAND 51.9% FIN4ES

uaIHE0 UIlL CLASSiIVICATI~3t IS

AAS-0 Sw.il CLASSIFICATI 'N 1,;

A-*I~a #IiHltm littift I.uftw' or© LYVSI-



- L~~~LLCUSj;L U~CA 0 ECFT 3E---

S.&LIL r,:6HTI=S F-jRiWEI.ATLAN~DS DAm vo-1s87

.6A~rLi I:EiT&rICAfIr-N a SS A 3r.04.5aT.

zvECItaIC %;atAvirY a 2.oa
,.A7..JRAL ,owisTwkai cL Atari a 20.2 ri&rT

Slivi Ai4ALYSIS-

b I viaCum irl P~iCENT _________________

it-J.Ac:-- kTAL66D FliER _____ __________

32 .J. I0u.0 _______

3d 43.4 57.2 __________

4 51.0 49.1 ________

10 ou.0 40.8_________ _____

20 05.5 J5.3 ___ 4_________

40 cd.0 32.9 _________

00 9. IJ.0_____ _________

100 -11.0 2 r.9 d,

20 72.1 20.6

a-LASTICLTY Pka'ERTIES UF MAT. PkSSING Nu. AOil0

rLASrIC LImIT IS 30
LIULIO LI.41T IS 42
PLASTICITY INUDX 15 12
LIOUIDliY 1,#DEX - Ob
aI/A-LINE P-I IS - 0.13

A~PRA. SOIL PXPi. BASiD O~N AdU.VE ZATA ANO EY?~.41C.AL -'-LAICSJI$S

C ;me*SbIt'i 1!'CEX (CC) IS 0.29
EFt-ECLIvE r'HL Ai'uGL-- 15 33 + ; - 4 VDjULES
zAtAN 0.4CTWR wrif .%GiSTUE IS 22.3 %~
STAND PRLC7:jW AAX DENSITY IS 99.6 eCl-

r~m,C.4rAGE CLkESIi1CArION IS
5U.;l G;AVIL 20.1% SAN4D 2c.a. FINEb

6A'Irlid SOIL CLASSIPICAMNL IS
LA ILTY utwAvEL

AAsIrD SLAC CLASS[ FICATI~m IS
A-2-i diTH -jmiLvaP Is'eDEX 0

tAW 1NOINCIRlUG ?KT'TS.6 COui.&w,

3 a *. 'ski A



-LiTCU SuI1L U. S P.ikT

zAmrUL ULioTilCAajiN a UD v s5.i'j7.5 Fl.

-iE* ..Al ..EIGHT a 13A.*j 1JCF
.. iU-A *JIS-1.RE Z'j7 1 5.c diCE2.d

zlzvw: FC.j;4 #11. r I ____ ___ ____ __

0. 1 lu.0

2.3.2 10.5
10 '0.J54 .

.1.4 c/5 1.7
27.3

)cc ~ . 24.5., .

z J 2,2.0

Fog - .1 4 - .cnS O .

r;C"-iTAGE CLASS~rICAThjwi 15
e-.5. ..auAv--L 53*.;o SAh'D 22.64 FlniS

IAW £NS1042gRhNo IMIN COWMV



LcF. SCIL rLA7A OEe"T SHEET7

b0IL eRLI' tL~S F..' ewHEAThAi"S :)A.4 vb-IA,31

SA.~.rLE IL iZ tCATI'.'&- 0 0 D 20.5-22.5 iT.

ZiECIIC ikAvITY In 2.72
#I.; u:'ii rtEIFT In 133.1 er'Ca

.j;Y uailT I.T i iI.2 rCF VjID WA7iw a J.0 eEC-:, SA-,. ;2.A

QIzVZ AFiALYSIS 11rr*

":I:VE *Cam~ AT 1-xCE'iT

2. ;,U.o
4 AA.-) 07.0

10 03.0 64.0 ______

2u 15.6 45.21 _______
.10 62.5 40.4 1 ~ ~ -. ______

00 C5.0 3o.2
ICU 6*.I 3o.o
i2iJ 69.dI'I

In - nnu .. . f . t~ . I .

rLASTLCITY ?n..,i.ERTLES LdF MAT. PASSINGe Nu. 40 SIr-O

rLA$CIC LLi.IT IS 27
LI~uI:) LI4ir is .37
eLASTICIlY'bviDiX IS J0
LijUlDliY IAIi~cX a -0.97
.- I/A-L.,iE el IS =- U.84

A~aeN~A. Sill.L P4Le. BAS .D O.N Ad3UV-- LATA Ail) E..u~irICAL RLATIU.NSHIroS

(...m:-ZSI -'Ni..EX (CC) is 0.2A
z:rz;,= Ivr. ,r-! ANLEL li 31 + U4 - 4 EjGtfFEzi
~LA'N: r'nLCYaJI, A.T -.LISTE IS 20.~ 5
--CA&"D ,OftCCT.M AAX DEA'SITY 15 103.1I PCF

e- xC-rAGE CLASSIFICArioN is
;2.;g 3ikA,:L i2.49 SAmD. 35.19 FOES

witIidD Sw.IL CLAsSSFICACITiN IS
Vi.4 SILiY uutAoEL

AAS!4CI ;LDIL CLASSIFICArI.I IS
ik-2-4' ttj41 r Uqj.P 1,4CbJ( 0

LAW £WSI'stentmg Tsllft COMPANY



MOHR DIAGRAM FOR FAILURE CONDITIONS

i I i r

I I. I ' ,I

1 2 3 4 5 6 7 a 9 10
- Total Stress NOM TES SP ---- Effective Stress

STRESS4rRAfli CU.RVES 1

S2

-C

NORMAL STRESS, JEW

Sodl Claiflicaton Rrmyn q11w Grial If M, TRIAXIAL SHEAR TEST

$APL 14. (1) 1 (2 (3)jj- Tn.oeftums: Consolidated - tUndrai lod
Conrining Prsue Is 1.0i 3.0 i.0 Undisturbed
Initial Length. In. 5.44 5.23 15.32' Rateof Shee: .003 inpAv"
Initial Diameter, In. Z.o 2.63 1 3r toing: 3-3 -Depth- 20 - 22 T
WelUnit Weighs. P0 24.7 124.2 EKE. joem.;-6-1487 -zat.: Jan. 5, 1977
Moistue Conet. S. 22.7 20.6 21.2

Initial Void Ratio . 664 .642" 77Y50
Initial Pieet Sattlihon.% _23__ d LAW ENGINEERING TESTING COMPANY
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