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PREFACE

This report is prepared under guidance contained in the
Recammerded Guidelines for Safety Inspection of Dam, for Phase 1
Investigations. Copies of these guidelines may be cbtained fraom
the Office of Chief of Engineers, Washington, D. C. 20314, The
purpose of a Phase I Investigation is to identify expsditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based
available data amd visual inspections., Detailed investigation, am
analyses inwolving topographic mapping, subsurface investigations,
testing, and detailed camputational evaluatiuns are beyond the scope
of a Phase 1 Investigation; however, the investigation is intended to
identify any need for such studies.

In reviewing this report, it should be realized that the reported
cordition of the dam is based on cbservations of field conditions at
the time of inspection along with data available to the inspection
team. In cases where the reservwoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normmal load on the structure and may obscure
certain conditians which might otherwise be detectable if inspected
under the nommal operating enviromnment of the structure.

It is important to note that the comdition of a dam deperds on
nurerous and constantly changing internal and external corditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will continue to represent the
cordition of the dam at same point in the future. Only through
frequent inspections can unsafe conditions be detected and only
through contimied care and maintenance can these corditions be
prevented or corrected.

Phase 1 inspections are not intended to provide detailed hydrologic
and hydraulic analyses. 1n acoordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximam
Flood” for the region (greatest reasonably possible storm runoff), or
fractions therecf. Because of the magnitude and rarity of such a
stormm event, a finding that a spillway will not pass the test flood
should not be interpreted as necessarily posing a highly inadequate
cordition. The test flood provides a measure of relative spillway
capacity axd serves as an aic in determining the need for more detailed
hydrologic anmd hydraulic studies, considering the size of the dam, its
general condition and the downstream damage potential.
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PHASE 1 REPORT
NATIONAL DAM SAFETY PROGRAM

BRIEF ASSESSMENT OF DAM

Name of Dam: Lake Caroline Dam

State: Virginia

Location: Caroline County

USGS QUAD Sheet: Hewlett, Virginia

Coordinates: lat 37° 59.2' long 77° 30.4'

Date of Inspection: April 20, 1981

3
Lake Caroline Dam is a homogeneous earthfill structure about 1425

ft long and 48 ft high. The principal spillway consists of a 400 ft
long reinforced concrete overflow weir. The weir overflows onto a 20
ft wide concrete apron 1.5~2.0 ft below the weir crest. The concrete
apron is also used as a roadway for access across the dam. The dam is
an intermediate size structure and is assigned a significant hazard
classification. The dam is located on Stevens Mill Run, in Caroline I

County, Virginia. The lake is used for water supply and recreation,

and is owned and maintained by the Lake Caroline Association.

Based on the criteria established by the Department of the Army,
Office of the Chief of Engineers (OCE), the appropriate Spillway Design
Flood (SDF) for the dam is the % PMF. The spillway will pass 100 percent

of the Probable Maximm Flood (PMF) without overtopping. The spillway

is rated adequate.
The visual inspection did not reveal any problems which would

require immediate attention. The dam is considered stable &nd a .. -

stability analysis is not required. X emergency operation and warning




" plan should be developed. Furthermore, a staff gage shou.d be

installed to monitor water levels..\\\—,Small sapplings growing in the

riprap on the upstream slope stnu]).d\'be removed. Bare areas present

along the downstream toe and areas of sparse vegetation on the downstream . -
slope should be reseeded. Seepage along the downstream toe should be

monitored during routine maintenance. It is also recommended that

attempts be made to halt shoreline erosion in order to prevent sediment

buildup in the lake. For monitoring purposes it is recommended that the

downstream beaver dam(s) be removed, so as to prevent submergence of
drain outlets.

Prepared by:

SCHNABEI, ENGINEERING ASSOCIATES, P.C./
J. K:l'.I"IM'L'NS & ASSOCIATES, INC.
S ) )
; s 7
\",/ Pt "-'/t /" %"
Ray E. Martin, Ph.D., P.E.
Comorwealth of Virginia

Submitted by: Approved:
Original signed By® Originzl signed bya
Carl S. Anderson, Jr. Ronald E. Hudson
Carl S. Anderson, Jr., P.E. Ronald E. Hudson
Acting Chief, Design Branch Colonel, Corps of Engineers

Cammander and District Engineer

Recammended by:

Orfginal signed By
JACK G. STARR SEP 2

Jack G. Starr
Chief, Engineering Division




Lake Caroline

Overview Photographs
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SECTION I - PROJECT INFORMATION

1.1 General

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

1.1.2 Purpose of Inspection: The purpose is to conduct a Phase I

inspection according to the Recommended Guidelines for Safety Inspection

of Dams (see Reference 1, Appendix VI). The main responsibility is to
expeditiously identify those dams which may be a potential hazard to
human life or property.

1.2 Project Description:

1.2.1 Dpam and Appurtenances: Caroline Lake Dam is a homogeneous

earthfill structure approximately 1425 ft long and 48 ft high.* The
crest of the dam is 21 ft wide, and side slopes are approximately 3
horizontal to 1 wvertical (3H:1V) on the upstream slope, and 2.5H:1V on
the downstream slopes of the dam. Field measurements indicate the
downstream slope approaches Z4%H:1V locally. A 7 ft wide berm is shown
on drawings at elevation 194 msl along the upstream slope. The crest

of the dam is at elevation 210 msl.

* Height is measured from the top of the dam to the downstream toe at
the centerline of the stream.




The dam is keyed into the foundation and there is a rock toe

drain. An internal drainage system was not provided. Existing vegetation

on the embankment slopes and riprap along the upstream slope at normal
pool levels provide slope protection.

The principal spillway consists of a 400 ft long rectangular shaped
reinforced concrete overflow weir. The weir discharges onto a 20 ft
wide concrete apron 1.5-2.0 ft below the weir crest. The spillway apron
also serves as a roadway across the dam. The weir crest elevation is
198 msl. An 8 ft wide low flow weir is located at the center of the
principal spillway at elevation 197.75 msl.

The discharge channel below the weir apron is a grouted riprap
channel at a 7.5% slope. The channel width varies fram 400 ft at the

weir to 300 ft at the lower portion where it discharges to Stevens Mill

Run,
A 24 inch diameter butterfly valve which is used to drain the lake

is located approximately 150 ft upstream of the dam centerline

approximately 800 ft from the right abutment with an intake elevatior.
of 170 msl. The drain pipe is a 324 ft lony, 24 inch diameter duct.ile
iron pipe with anti-seep collars at 18 ft intervals. The 1nvert

A

elevation at the outlet structure is 162.5 msl. (See Plate 4,

Appendix 1.)
A water supply lintake pipe, located approximately 700 ft frar.

the right abutment, passes through the embankment and discharges intc

the water treatment plant immediately downstream of the: dam. The

water supply pipe is 8 inch ductile 1ron with anti-seep collars 18 ft
on center. The water supply 1s controlled by an eight inch gate valwe

at an invert elevation of 170 msl.

h-&—.—-—__..m s o 4.
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1.2.,2 location: Lake Carzline Dam is located on Stevens Mill
Run aprroxinately 1% miles south of Ladysmith, Virginia on U. S.
Route 1. (See Plate 1, Appendix I.)

1.2.3 Size Classification: The dam is classified as an "inter-

mediate” size structure based on its height and maximm lake storage
potential.

1.2.4 Hazard Classification: The dam is located in a small

camunity, and based upon the proximity of the water treatment plant
located immediately downstream, the dam is assigned a "significant"
hazard classification. The hazard classification used to categorize
a dam is a function of location only and has nothing to do with its
stability or probability of failure.

1.2.5 Ownership: The dam is owned and maintained by the Lake
Caroline Association.

1.2.6 Purpose: Provide water supply and recreation to the Lake
Caroline community.

1.2.7 Design and Construction History: The dam is desianed

and constructed under the supervision of American Realty Service
Corporation. The structure was constructed by Bailey and Associates
and campleted in 1968.

1.2.8 Normal Operation Procedures: The principal spillway is

ungated, therefore, water rising above the crest of the weir is
autamatically discharged downstream. Normal pool is maintained at
elevation 198 msl at the crest of the weir., The 24 inch diameter

valve at intake elevation 170 msl is manualiy operated amd is used to

&




lower the lake below normal pool. The 8 inch diameter valve at
intake elevation 171 msl is manually operated and is used as a
secondary control on the water supply intake.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 9.6 square miles.

1.3.2 Discharge at Dam Site: According to Mr. R. J. Miller, the

maximm known flood at the dam site occurred in August, 1969 as a
result of Hurricane Camille. The maximum pool rise was 7 ft (elevation
205). This corresponds to an approximate discharge of 25,928 CFS.
Principal Spillway Discharge:

Pool Elevation at Crest of Dam (elevation 210) 58,197 CFS

1.3.3 Dam and Reservoir Data: See Table 1.1, below:

Table 1.1 - DAM AND RESERVOIR DATA

Reservoir
Storage
Elevation Volume
feet Area Acre Watershed Length
Item msl Acres Feet Inches Miles
Crest of Dam 210 586 8265 16.2 2.5
Principal Spillway
Crest 198 273 2821 5.5 2.3

Streambed at Down-
stream Toe of Dam 162 - - - -
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SECTION 2 ~ ENGINEERING DATA

2.1 Design: The dam was designed and constructed under the
supervision of American Realty Service Corporation, Memphis, Tennessee.

L The embankment was initially designed by Robert D. Sayre and Associates,
Richmond, Virginia and later modified by G. K. Jewell and Associates,
Oolumbus, Ohio prior to its construction.

A subsurface investigation was conducted at the site by Mr. Robert
D. Sayre, P.E., Rictmond, Virginia in July, 1968, for the design of
the project. The purpose of the investigation was to determine the
subsurface soil and rock conditions for the dam embankment and spillway.
A subsurface profile is shown on Plate 2, Appendix I, but the report
was not available for review. Additional geotechnical engineering ?
analyses were performed by G. K. Jewell and Associates, Columbus, Ohio
to analyze the soil conditions and stability for a modified ambankment

section. This report and the soils laboratory test results are included
as Appendix IV.
The dam was originally designed as a hamogeneous, compacted earth

fill embankment with a 20 ft wide cutoff trench approximately 65 ft

upstream from the embankment center line, a combined principal-emergency

spillway at the left abutment, and a blanket drain below the toe. The

modified embankment design shown on Plate 12, Appendix IV eliminated
the blanket drain and reconmended a rock toe. Upstream and downstream
slopes were designed at 3H:1V and 2.5H;1V, respectively with a 7 ft

wide upstream berm at elevation 194 msl, 4 ft below the normal pool level.

Details are provided on Plate 3, Apperdix I.

L-——--——.__.‘ — PR S




A review of the design data indicates the dam was founded on
overburden with the cutoff trench excavated to fresh rock (non-
rippable rock). No permeability test data was included with the
information reviewad. Details of the cutoff trench are provided
on Plates 2 and 3 of Apperdix I. No internal drainage system was
indicated in the design data reviewed. The spillway is a cambined
principal-emergency spillway between Stations 14+00 and 20+00 at the
left abutment. The spillway is concrete lined over the crest with
upstream and downstream channels lined with riprap. Details of the
spillway are shown on Plates 2, 5 and 6, Appendix I.

The laboratory test data describing the engineering properties
of the borrow materials fram the amergency spillway area whichwere used
to construct the ambankment are included in Appendix IV, Plates 1 through
Plate 11. The shear strength parameters of this material determined by
remolded, unconsol idated-undrained and remolded saturated consolidated- 1

undrainad triaxial compression tests are as follows: i

Borrow Source Soil Shear Strength Parameters ,

Friction Angle Cohesion 1

Brergency spillway SW - SC g =170 1200 ps£(1) |
Brergency spillway SW - SC g=21° 1200 psf(2)

Brergency spillway SW - SC g'= 38° 0 psf(2) '

(1} Remolded Unconoolidated-Undrained Triaxial Compression Test (WU) ,
(2) Ramolded, Saturated, Oonsolidated Undrained Triaxial Compression

Tests (CU)
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A stability analysis was performed on the dam section by G. K. Jewell
and Associates and the results are included in Appendix IV. The conditions
analyzed were: as-built (or emd of construction case), steady state
seepage for the downstream slope, and rapid drawdown for the upstream
slope. Minimmm values of strength parameters fram the laboratory test
results were used for the stability analysis. Effective strength values
obtained fram the CU test were used for the analysis of rapid drawdown
and steady state seepage conditions and values fram unconfined campression
tests and UU tests were used for the analysis of the as-built condition.
The results of the stability analysis are:

Cordition Factor of Safety
As-built 3.0f
Steady State Seepage 1.3
Rapid Breakdown 1.25

The specifications for Lake Caroline Dam required that the borrow
materials to be used for embankment construction have a Plasticity Index
not less than 10 percent, a maximum dry unit weight greater than 110 pcf
and particle sizes less than 6 inches in diameter. The selection of
suitable borrow materials was to be under the direction of the engineer
at all times. Soils in the proposed emwergency spillway borrow area
were reported to be weathered gneiss which after soaking for 24 hours,
classified as an MH material acoording to the Unified Soil Classification

System, ASTM D-2487. The material 1in the cutoff trench and ambankment

-10-
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was to be canpacted to 97 percent of Standard Proctor maximum dry
density according to ASIM D-698. Before caompaction of the embankment
fill, the moisture content was to be brought to plus or minus 2 percent
of the optimum moisture content. Fill material was to be placed in
successive lifts not exceeding 6 inches in campacted thickness.

The spillway was designed as an overflow weir structure consisting
of reinforced concrete weir, a reinforced concrete overflow apron
below the weir and a 400 ft wide discharge channel with a plunge pool
at the end of the channel. The discharge channel was designed with
a 12 ft wide concrete channel along the centerline with an earth over-
flow channel.

The spillway apron was designed as a roadway for access across the
dam, and the spillway was designad to accomodate the Probable Maximam

Flood with a 4 ft freeboard. Details of the spillway are presented

on Plates 5 and 6 of Appandix 1.

2.2 Construction: The ambankment was constructed by Bailey and
Associates of Stafford, Virginia. No construction records are available
for this structure. Fileld i1nspection was under the direction of Robert
D. Sayre and Assoclates, Rachmond, Virginia. Acocording to Mr. Sayre,
the only construction jroblem he could remember was same difficulty in
ocontrolling water withuin the cutoff trench in order to abtain the
specified compaction.

2.) Evaluation: Design drawings are representative of the structure,
however, hydrologic and hydraulic calculations were not available for
evaluation. There is sufficient information to evaluate ambankment

stability and the foundation corditions.

-11-
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SEHCTION 3 - VISUAL INSPHCTION

3.1 Findings: At the time of inspection, the dam was in good
condition. Field observations are outlined in Appendix III.

3.1.1 General: An inspection was made on April 20, 1981. The
weather was partly cloudy and windy with a temperature of 65° F. The
pool and tailwater levels at the time of the inspection were 198 and
162.5 msl, respectively, which corresponds to normal pool and tailwater
elevations. Ground conditions were damp at the time of inspection
as a result of early moming light rain. No previous inspection reports
were available.

3.1.2 Dam and Spillway: The upstream slope was moderately

vegetated with grass while the downstream slope was sparsely vegetated
with grass and includes same bare areas. Scattered small sapplings

were growing between the riprap. The crest of the dam was occupied

by a paved road used for access to residences around the lake shore.

The road appeared to be in good condition. Field measurements indicate
the upstream slope to be 3H:1V and the downstream slope to be 24H:1V

at the center of the dam. Riprap, consisting of 1 to 3 ft fresh granite
gne1ss boulders, placed on the upstream slope appears to be in good
condition. The riprap is visible below pool level and extends 5 to 7 ft
above pool level on the upsetream slope. The embankment appears to be
oconstructed of residual material oconsisting of silty sand and clayey
silty sand mixtures visually classifying SM to SC in accordance with

the Unified Soils Classification System. No surface erosion was observed
on the embankment slopes except for minor surface washing at scattered
locations along the downstream slope.

Saturated or wet areas were encountered along the toe of the down-

-12-
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stream slope beginning about 455 ft to the right of the principal spill-
way and extending an additional 305 ft. Some discoloration and flow
estimated at 1 to 2 gpm were observed originating in an eroded V-notch

at the extreme right side of the saturated area. This is shown in the
Field Sketch, Sheet 1 in Appendix III. The bottom 5 ft¥ of the downstream
slope is essentially void of vegetation and is very moist, extending from
the V-notch to a point 325 ft! left of the notch. No sloughing or

bulging of the slope was observed in this area.
The abutments were well vegetated and only minor erosion was

observed on the upstream right abutment. Surface soils in the surround-
ing area included fine to medium clayey sands and sandy clays.

An overflow spillway and apron are located at the left abutment and
consist of a 400 ft wide concrete weir with a 8 ft wide by 3 inch deep
low flow notch. No signs of deterioration were noted and the concrete
appeared to be in good condition. There was no separate approach channel
to the spillway. The reservoir area upstream of the weir was riprap
lined and appeared to be in good condition. The discharge channel is
approximately 300 ft wide and slopes at about 7.5 percent. Immediately
downstream fram the weir, the discharge channel is occupied by the
access road which crosses the dam crest. The road is concrete through
the spillway area and bordered by a cable guardrail along the downstream
edge. The discharge channel is lined with stone riprap and grouted along
the center portion below the roadway. Evidence of severe erosion during
Hurricane Camille is still visible in the lower reaches of the discharge
area. It was reported that 11 ft deep gullies were carved into the
discharge channel below the concrete section. These have been backfilled

with riprap and concrete slurry and appeared stable.

-13-




No toe drain outlets were observed because water was backed up
into the plunge pool area from obstructions downstream. The lake drain
discharge pipe was also sulbmerged and not observed. The emergency
gate consists of a 24 inch butterfly valve. An 8 inch discharge pipe
for an existing water treatment plant is located approximately 100 ft

to the right from the lake drain. It is controlled by an 8 inch gate

valve. The gate and butterfly valves on the water intake structure and
drain facility were in good operating condition according to Mr. Miller.

3.1.3 Reserwoir Area: The reservoir area was free of debris

and the perimeter consisted of lawn area and wooded sections. (Over-
view Photograph, Page 3). Some shoreline erosion was observed near

the right end of the dam. The reservoir is located in a natural valley
with side slopes at approximately 10H:1V. No sediment build-up was

observed.

3.1.4 Downstream Area: The downstream channel is located in a

heavily wooded flood plain with 5H:1V side slopes above the channel

banks (Photograph No. 5, Appendix II). The channel is approximately
2 ft deep with 1H:1V side slopes. A water treatment facility for the
Lake Caroline comunity and U. S. Route 1 are both located immediately ;
below the dam.

3.1.5 Instrumentation: No instrumentation (monuments,

observation wells, piezameters, etc.) was encountered for the structure.

A staff gage consisting of painted numbers on the lake drain intake

structure was no longer visible because of weathering of the paint.
3.2 Evaluation: Owverall, the dam was in good condition at the

time of the inspection.
3.2.1 Dam and Spillway: The vegetative cover on the abutments

and upstream embankment slope's appeared well maintained. The small
14~
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sapplings growing in the riprap on the upstream slope should be removed.

The observed bare areas along the downstream toe and areas of sparse

vegetation on the downstream slope should be seeded. Seepage at the toe

area is apparently the result of a properly functioning rock toe drain. y
It is recommended that this seepage be monitored during routine

maintenance to verify that detrimental surface erosion has not developed
along the downstream toe. If such corditions should develop, a

Professional Engineer with an expertise in Geotechnical Engineering

should be contacted to evaluate the problem and make recammendations

for required corrective measures. The minor surface erosion on the right
upstream abutment contact does not require any attention. The overflow
spillway is functioning well. A staff gage should be installed to monitor
water levels. For monitoring purposes it is recommended that the down-
stream beaver dam(s) be removed, so as to prevent the submergence of

drain outlets.

3.2.2 Reservoir Area: Shoreline erosion should be halted to

prevent sediment buildup.
3.2.3 Downstream Area: A breach inthe dam during extreme flooding

could damage the water treatment facility and U. S. Route 1.




SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: The normal storage pool is elevation 198 msl
or 3 inches above the crest of the low flow weir. The lake provides

S S

recreation and water supply as its principal uses. Water passes

‘_‘_7

autamatically through the spillway as the water level in the reservoir
J rises above the spillway crest. A 24 inch butterfly valve and discharge ‘
pipe are provided to drawdown the reservoir below normal pool.

4.2 Maintenance of Dam and Appurtenances: Maintenance is the

responsibility of the owner. Maintenance consists of inspection,

debris rawval, mowing of vegetative cover and repair. Maintenance

is routinely performed.

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

system or evacuation plan for the dam.

4.4 Evaluation: The dam and appurtenances are in good operating
cordition, and maintenance of the dam appeared to be adequate. ‘

An emergency operation and warning plan should be developed. It
1s recommernded 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.




SECTION 5 - HYDRAULICS/HYDROLOGIC DATA

5.1 Design: Lake Caroline Dam was designed as a single
purpose dam. Hydrologic and hydraulic data were not available.

5.2 Hydrologic Records: There are no records available.

5.3 Flood Experience: According to Mr. R. J. Miller, the flood

of Augqust 1969 resulting from Hurricane Camille created an increase of
7 ft* above normal pool (elevation 205 msl?).

5.4 Flood Potentials: 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 fram the most severe cambination of critcial meteorologic
and hydrologic corditions that are reasonably possible in the region),
or fractions thereof. The Probable Maximum Flood (PMF) and % PMF and
100 year flood hydrographs were developed by the HBEC-1 method (Reference
4, Appendix VI). Precipitation amounts for the flood hydrographs of

the PMF and 100 year flood were taken fram U. S. Weather Bureau

Information (Reference 5 and 6, Appendix VI). Appropriate adjustments
for basin size and shape were acoounted for. These inflow hydrographs
were routed through the reserwvoir to determine maximum pool elevations.

5.5 Reserwoir Regqulations: For routing purposes, the pool at the

beginning of flood was assumed to be at elevation 198 msl. Reservoir
stage-storage data and stage-discharge data were computed from construction

plans and U.S. G. S. topgraphic maps. Floods were routed through the
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reserwoir using the spillway discharge up to a pool storage elevation
of 210 msl. Discharges above pool elevation 210 msl were routed
over the non-overflow section of the dam.

5.6 Overtopping Potential: The predicted rise of the reservoir

pool and other pertinent data were determined by routing the flood
hydrographs through the reservoir as previously described. The

results for the flood conditions PMF, % PMF and 100 year flood are shown
in the following Table 5.1:

TABLE 5.1 - RESERVOIR PERFORMANCE

Hydrograph

Normal 100 Yr.
Flow Flood % PMF

Peak Flow, CFS

Inflow 9 6921 18,423
Outflow 9 4312 13,794

Maximum Pool Elevation
Ft, msl 198 200.5 203.1

Non-Overflow Section
(Elev 210 msl)
Depth of Flow, Ft - - -
Duration, Hours - - -
Velocity, fps* - - -

Tailwater Elevation
Ft, msl 162.5 173.4 176.2

* Critical velocity




5.7 Reservoir Bmptying Potential: A 24 inch diawcter gate at
elevation 170 ms]l is capable of draining the reservoir through a 24
inch outlet pipe. Assuming that the lake is at normal ponl elevation
(198 msl) and there is 9 cfs inflow, it would take approximately 40 1
days to lower the reservoir to elevation 170 msl. This is equivalent
to an approximate drawdown rate of 0.02 ft/day based on the hydraulic
height measured from normal pool to the invert of the drawdown pipe
divided by the time to dewater the reservoir.

5.8 Evaluation: The U. S. Army, Corps of Engineers quidelines
indicate the appropriate Spillway Design Flood (SDF) for an inter-
mediate size, significant hazard dam is the % PMF to PMF. Because of
the risk involved, the ¥ PMF has been selectexl as the SDF. The spillway
will pass 100 percent of the PMF without overtopping the crest of the
dam,

Hydrclogic data used in the evaluation peitains to present day

conditions with no consideration given to future develomment.
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SECTION 6 - DAM STABILITY

6.1 Foundation and Abutments: The dam is located along the

eastern edge of the Piedmont physiographic province of Virginia. This
site is underlain by a thin veneer of Pleistocene terrace deposits and
Recent alluvial soils. These sediments consist of a heterogeneous
mixture of sand, silt, clay and gravel materials. They are underlain
by residual soils, which are derived from the in place weathering of the
underlying granite gneiss bedrock of Precambrian age. A profile and
description of the materials encountered in the design test borings are
included in Plate 2, Appendix I. Bedrock exposed below the spillway
consists of differentially weathered and jointed granite gneiss. The
formation observed was essentially horizontal. No faults have been
identified in the immediate area.

The design report and drawings show the embankment being founded
on overburden with a cutoff trench extending to the top of fresh or
non-rippable rock. The trench was planned to have a 20 ft wide bottom
and 1H:1V side slopes.

Based upon the design geologic data anmd performance history of
the dam to date, a stable foundation is assumed. Gradual consolidation
of underlying soils would be expected during application of fill
materials. The underlying soils had probably essentially consolidated
under the applied load not long after campletion of construction.

6.2 Emnbankment:

6.2.1 Materials: Design drawings show the dam as a homogeneous
earth fill embankment. Laboratory tests performed on borrow materials
show the fill ranging from well-sorted sands (SW) to clayey sands (SC)

in acoordance with the Unified Soil Classification System. It was noted
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in the design report that once this material was broken domn and

soaked for several days, it became a highly plastic silt (MH) . It

was specified that all fill material in the cutoff trench and (fbaarsrent
was to be placed in “successive layers of not more than 6 inches degth
loose measure" and "compacted to a minimum of 97% of the standard
proctor density.” It was further specified that, "Tanmping rolloers
shall be used for compacting the earthfill to the above density.”

6.2.2 Subdrains and Seepage: Earthwork specifications reqguilred

that the subgrade for the embankment be prepared by "scalping” to a

6 inch depth or deeper if so indicated on the drawinus (Plate 2, Zjgendiiy
I). The subgrade was to be cleared of all loose ané obicct:onable
material. The cutoff was to extend to fresh or non-rijppable rock. No
mention was made of the natural permeability of the bedrock, however,

in the presence of joints and fractures natural j(ermecabilities would b
expected to range from low to high.

To control seepage, a rock toe drain was specified in design as
shown on Plate 2, Appendix I. Gradation specifica*ions are included in
Appendix V. 1In attempt to prevent piping arcund the lake drain and
water supply pipes, anti-seep collars were included. The seepage observed
along the downstream is apparently the result of normal functioning of
the rock toe drain.

6.2.3 Stability: The dam is 48 ft high and has a crest width of
approximately 21 ft. Design slopes are 2.5H:1V on the downstream side
and 3H:1V on the upstream side. Measurements taken at.-the center of the
dam indicate the downstream slope is 2%H:1V. A 7 ft wide berm exists on

the upstream slope at approximately elevation 194 msl.
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€.2.4 Seismac Stability: The dam is located in Scismic Zone 2,

Therofore, according to the Recorended Guidelines for Safety Inspection

of bDams, the dam is considered to have no hazard from earthquakes
vrovided static stability conditions are satisfactory and conventional

safety margins exist.

6.3 Evaluation: An accurate check on the stability of this

i

structure can be made from the available design data (Appendix IV},

The data reviewed were found to be generally acceptable. The stability
analysis for the downstream slope under steady seepage conditions
assuring seepage emerging on the embankment indicates a factor of ’
safety of 1.3. This value is slightly less than the recommended factor

of safety of 1.5 included in the Recommended Guidelines for Safety

Inspection of Dams, Reference 1, Appendix VI. Based upon the design

data, addition of a toe drain and performance history of the structure,
including water levels exceeding the SDF, we believe further stability

analyses will not be roquired. For the upstream slope a factor of
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7.2 Recamenacd Romedial Measures:

7.2.1 BEmervency Operation and Warming Plan: It is recammended

that a formal emergency procedure be prepared, prominently displayed,
and furnished to all operating personnel. This should include:

1} How to operate the dam during an emergency.

2) Who to notify, including public officials, in case
evacuation from the downstream is necessary.

7.3 Required Maintenance:

24~




7.3.1 A staff cage should be installed to nonitor water levels,

7.3.2 Small sapplings growing in the riprap on the upstrcam
slope should be raioved.

7.3.3 Barc arcas present along the downstrcam toe and areas of

sparse vegetation on the downstrcam slope should be reseeded.

7.3.4 Scepage along the downstream toe should be monitored

during maintenance to verify that detrimental surface erosion has not
developed along the downstream toe. If such conditions should develop,
a Professional Engineer with an expertise in Geotechnical Engineering
should be contacted to evaluate the problem and make recommendations for
required corrective measures.

7.3.5 Attempts should be made to halt shoreline erosion in

order to prevent sediment build up in the lake.

7.3.6 For monitoring purposes, it is recommended that the downstream

beaver dam(s) be removed, so as to prevent submergence of drain outlets.
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APPENDIX 1I

PHOTOGRAPHS




Photograph No. 1 - Seoallway
Note Access Road Across Soillwav

Photograph No. 2 - Low Flow Weir

I11-1




Photoxaraph .

1

DORNSE Tyoam !

‘ace of

N ¥id

Nam




photograph No. 5 - Water Treatment Plant
Tmmediately Downstream
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APPENDIX III

FIELD OBSERVATIONS
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G. K. JEWELL AND ASSOCIATES
] ' ;%/J (/r/l;y.«}u///f:y %//J///’aﬁ/,!

198 CHITTENDEN AVENUVE -
COLUMBUS. OHIO 43201

TELELPHONE 2Ds 3748

G K JEWELL. P L WILLIAM W HC.WAN PE
- BURR D BENEDICT JR P E TREVOR P CRAIG. PE

October 18, 1668
. ‘ 1112

American Realty Service, Inc.
P. O, Box 4831

Crosstown Station

Memphis, Tennessee 38104

Attention: Mr. Robert Sanderson -

Re: Lake Caroline Dam
Fredericksburg, Virginia

Gentlemen:

Submitted here is the report of the work done on the Lake Caroline Dam, i
This work has been done in accordance with an agreement reached in the meeting
between Mr. FRobert Sanderson, Mr. Robert D, Sayre and Mr, G, K. Jewell, on
- August 22, 1968, Mr. Robert D. Sayre's report of July 1968, which was loaned
to this office by American Realty Service, is also enclosed.

Please contact this office if you have questions in connection with
any phase of this work,

Very truly yours,
G. K. JEWELL AND ASSQCIATES

VU Epodlfyetbifn

V. V. Rajadhyaksha

l \( N T,
VVR/ea :

Submitted: 3 copies
cc: Mr. Robert D, Sayre

Fnc: Soil Study and Embankment Design
Lake Caroline Danm
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INTRODUCTION

At the request of Mr. Robert Sanderson, Mr., G. K, Jewell met with ?
representatives of the Anerican Realty Service and Mr. Fobert D, Sayre, the L
soils consultant for the proposed Lake Caroline Dam, to discuss the need for
a blanket drain below the toe of the proposed embankment. As a result of
this meeting, Mr. Jewell agreed to determine if strength data were availzble
in the files.of G. K. Jewell and Associates for soils comparable to the soils
with which the proposed embankment will be constructed. If such data were
available, stability analyses were to be performed to determine the factor
of safety of the structure without a blanket drain, These considerations
were contained in a letter submitted to Mr., Sanderson on August 23, 1968,

Strength data for material comparable to the project soil were not
available in the files of G. K, Jewell and Associates, and samples of the h
proposed borrow material were requested so that laboratory tests could be r
performed. The soil received for testing was obtained from the emergency
spillway area. A testing program was developed for the proposed borrow
material, and subsequent to the completion of this program, stability analyses

were performed.

LABOPATORY TESTING
Dased upon visual identification, the proposed borrow samples were
found to be similar and were mixed. The following amount of testing was

performed on the combined sample.

Visual Identification

Liquid and Plastic Limit

Sieve Analysis

Sieve and Hydrometer Analysis

Standard Proctor Compaction Test

Unconfined Compression Test

Unconsolidated-undrained Triaxial Compression Tests

Consolidated-undrained Triaxial Compression Tests i
with pore-pressure measurements, '

W) ) b bt et e s
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The results of the liquid and rlastic limit test are given on Plate 1,

Results of all other tests are presented in curve form on Plates 1 through 9,

ANALYSIS AND RECOMMENDATIONS

The soil in the proposed émergency spillway borrow area is reported
to be weathered Raltimore gneiss. The soil when air-dried aﬁpears to be
granular upon visual examination, but upon the addition of water and applica-
tion of finger pressure, tends to brezk down into a fine-grainéd soil, A dry
sieve analysis resulted in the gradation presented as Curve 2 on Plate 1,
Curve ) on Plate 1 shows the gradation of the soil after it has been soaked
in water overnight and agitated in & standard mixing cup used in the prepar-
ation for an hydronmeter test. When a plastic limit test was performed on a

sample by adding water directly to an air-dried specimen, the soil does not

_appear to be plastic, but when sozked for several hours, a specimen of soil

had liquid limit and plastic limit valucs of 59 and 44 percent respectively,
It was also noted, that compacting the soil at practical moisture content
values does not break down the soil significantly, After compaction, the
gradation of the soil is more like that of Curve 2 than Curve 1 (Plate 1).
Therefore, it is believed that at the time of construction of the embankment,
the borrow soil will be represented by Curve 2 but that aftgr passage of
time, the gradation of the embankment soil will lie somewhere between

Curves 1 and 2. £Evidence of this phenomenon was also found while consolidating
a test specimen for a femolded consolidated-undrained triaxial compression
test. The test specimen continued to consolidate under a constant pressure
for longer than 24 hours., This indicated that the apparently coarse-grained

particles continued to break down to finer particles under the confining load,

G. K. JEWELL AND ASSOCIATES
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A1l of these observations indicate that the sample is mainly cormposed of

weathered rock particles which are in the process of breaking down to soil,
Stability analyses based or the results of the remolded laboratory
tests were performed on the dam section, propcosed in Mr. Robert Sayré's report
of July 1068, after deleting the downstrezm drainage blanket. The conditions
for which the analysis was performed were: as;built and steady seepage for the
downstream slope, and suidden drawdown for the upstream slope. Effective
strength values obtained from the consolidated-undrained triaxial compression
tests were used for the analysis of the sudden drawdown and steady seepage
conditions. The minimum value obtained from the results of unconfined com-
pression and unconsolidated-undrained triaxial compression tes ., were used
for the znalysis of the as-built condition, Following are the minimun
acceptable factors of safety considered for this project and the minimum

values obtained for the various conditions of analysis:

Factor of Safety

Condition Acceptable Actual
As-built 1.3 3.02
Steady seepage 1.5 1.33
Sudden drawdown 1.2 1.25

For the stability analyses, it was assumed that seepage would occur
through the embankment and would break out on the downstream slope. Because
of the granular-like nature of the fill material, seepage through the embank-
ment is possible even though there appear to be granular materials below the
embankment which could act as an in-place blanket drain, Generally, the
embankment was safe using the strength values determined in the laboratory,
It was found, however, that the toe of the embankment, in the zone where

seepage might emerge, was potentially unsafe, and analyses at this location

G K JEWELL AND ASSOCIATES
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resulted in the factor of safety of 1.3 which is listed in the foregoing r
table. If the toe were to slough, the rest of the embankment would be V
endangered.

The rock toe material has been designed as a filter to prevent the
embankment material (in a granular-like condition) from infiltrating into the
rock toe and causing piping. It should be noted however, because of the
peculiar nature of the borrow soil, there may be no protection from infiltra-
tion if the embankment soil in the form of Curve 2 should deteriorate, in
time, to the condition represented by Curve 1,

Based upon this i;vestigation, it is believed that the blanket drain,
which was origin?lly designed for the downstream slope, may be omitted, but
that a rock toe should be placed as shown on Plate 12, The rock toe should
be composed of materials having the gradation limits shown as the hatched zone
on Plate 1 and should be covered with 4-inch layer of borrow soil, Actually,
the rock toe will be necesséry only if seepage occhs through the embankment

and breaks out on the downstream slope.

It is believed that the soil proposed for borrow will erode severely,
The surface of the completed embankment should be protected from erosion as
quickly as possible.

A concluding statement in connection with the soil evaluated for this
project is appropriate. It has been observed that the borrow soil deteriorates
under pressure, especially when wet. These conditions will occur when the
soil is used in a water-retaining embankment. It is possible therefore, that
the structure and the characteristics of the borrow soil will change, The
results of thesé short dufation tests do not neceséarily indicate the long-

term strength characteristics of the soil in a broken down condition., It is

G. K. JEWELL AND ASSDCIATES
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repeated that it is impossible to evaluate the long-term performance and the
safety of this embankment based upon the information developed in the course
of this investigation. It would be desirable therefore to determine if threse
materials have been used locally for earth structures and if there are per-
formance records available in connection with the long-term behavior of these
soils, If such information is available, it should be used to determine if

additional modification of the design seqtion is desirable.

G X JEWELL AND ASSOCIATES
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STANDARD PROCTOR COMPACTION TiST

Project: Lake Caroline Dam

Location: Fredericksburg, Virginia
Test Pit: Emergency Spillway Sample: Bag

Material: See Plate 1 and report.

Hammer: 5.5 pounds - _ Blows: 25/layer
Drop: 12 inches Layers: 3 “
Optimum Moisture Content=27.5% Maximum Dry Density=95.2 pcf
Unit Weight vs Moisture Content
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PLATE 2 i
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Bttt UnrolG NG D COMPE RS TON VLT

Project: lake Caroline Dum

loucation: Fredericksburg, Virginia

Boring: Emergency Spillway Sumple: Bag

Material: See Plate 1 and report,
Moisture Content: 27%

Size: 5.59" x 2,83" dia.

Unit Dry VWeight:

Unit Wet Weight:

95 pcf

120 pcf

Stress vs Strain
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L TEIAMNTAL O rSST1ON 10T L 2 DEDOED SAMPLE
Project: lake Caroline
Location: Fredericksburg, Virginia
Boring: Emergency Spillway Sample: DRag
Material: See Plate 1 and report,
Initial Moisture Content: 28% Unit Dry Weight: 95 pcf
Size: 5.59" x 2.83" dia, Unit Wet Weight: 121 pcf
Vertical Stress - tsf
o 1.5 3.0 4.5 6,0
j Test Conditiong: '
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TR TANTAL COblissSION

P DD SAVPLE

Project: lake Curcline Dam
location: Fredericksburg, Virginia
toring: Imergency Spillway Sample:  Bug
Material: 3See Plate 1 and report.
Initial Moisture Content: 27% Unit Dry Weight: 05 pcf
Size: 5.59" x 2.83" dia. Unit Wet Weight: 120 pcf
Vertical Stress - tsf
o 1.5 3.0 4.5 6.0
f 1 t | NN RN [ ‘ i
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TRIANIAL COMGRIOETON

GLTLLYIomv e SAMPLE

Axial Strain - %

Shear Stress - tsf

Project: lake Caroline Dam
location: Fredericksburg, Virginia
foring: Emergency Spillway
Material: See Plate 1 and report.
Initial Moisture Content: 27%

Size: 5.59" x 2.83" dAia.

Sample: Bag

Unit Dry Weight: 95

pcf

Unit Wet Weight: 120 pcf

1.5 3.0

Vertical Stress - tsf

6.0

Tast LCorndifions:
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\ TRIANIAL COMPRINSION TEST- -R2MOLDED S/MPLY- Wi POPL it s Urlk 20 HINRNTS
Project: lake Caroline Dam
’ Locaetion: Fredericksburg, Virginia
Boring: Emergency Spillway Sample: Bag
) Material: See Plate 1 &and report,
Initial Moisture Content: 28% Unit Dry Weight: 04 pcf L 4
Size: 5.57" x 2.83" dia, Unit Wet Weight: 121 pcf
Vertical Stress - tsf
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‘ l TRIAXIAL COMPRISSION TIST--F20OLDID) SAMPLT--WITH PORI-PRESSURL PEASUN EMENTS ;

Project: Lake Caroline Dam
Location: Fredericksburg, Virginia
Boring: Emergency Spillway Sample: Bag

Material: See Plate 1 and report,

b
Initial Moisture Content: 28% Unit Dry Weight: 93 pcf
Size: 5.58" x 2.83" dia. Unit Wet Weight: 120 pcf
Vertical Stress - tsf
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i TRIAXIAL COMPRESSION TIiST--RiDIDITD) SAMPLY --WITH PORI-DPRESSURE MEASURIMENTS
Project: Lake Caroline Dam
location: Fredericksburg, Virginia
Boring: EImergency Spillway Sample: Bag
i Material: See Plate 1 and report.
Initial Moisture Content: 28% Unit Dry Weight: 93 pcf
Size: 5.58" x 2.83" dia. Unit Wet Weight: 120 pcf
Vertical Stress - tsf
o 1.5 3.0 4.5 6,0
[ — T
~— Teg t ,onditdorL:
, \\ Tegt performed or] a |[remoided
G T safpt TAB‘bT ta—68%
J H o N‘j Standhrd| Prbctior,] cansdlidated
2 by anfl sheared unldrdindd
v g
1 PSS tsfiTontimh SUrE;
' / & = \ O yming
4 10 4 1
ol [ ) ] -~
r 2  SIIE Z Y
~ v
5 |f 1 2 $
vl ol
- X B
20
] 4
Sketch
Total] Stireds —
“ Effecftivie Strdss ] ] & F4
830 4 il 44 i
1 2 :
= .8 AL ;%/ . VLl
-
:n‘ \ ;..-j
F 1~
b + 13
£ 1.5 =3 ’
s 1. =
- ~ DN
)
\..
\
I\
i
3.0 4.5
—_ Normal Stress - tsf S




| TRIANIAL CUMERIGSTION 2ooT--hinallrD DAY LY —oWiTH PORV-RISLUn L P00 s
Project: Llake Caroline Dam ;
location: Fredericksburg, Virginia
Foring: Fmergency Spillway Sample: Bag
- |
Material: See Plate 1 and report.
Initial Moisture Content: 27% Unit Dry Weight: Q5 pecf “
Size: 5.58" x 2.83" dia, Unit Wet Weight: 121 pcf
Vertical Stress - tsf
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Shear Stress - tsf

Project: Lake Ceroline Dam

location: Fredericksburg, Virginia

MOHR STRENGTH ENVELOPE

Removlded Unconsolidated-undrained Tr . _al Compression Tests
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Proilect: Lake Caroline Dam

Location: Fredericksburg, Virginia
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APPENDIX V

EARTHWORK AND TOE DRAIN SPECIFICATIONS




EARTRWORK - - : ‘ )

-«
-

-1.1. CL~AALLG AAD i ihG: : ' : ] ’ .

- ’ ,.‘ (1) Work Included: Tne work under this Section includes furnishing
all *ooor,.maLer*aLs and equipment ifor clearing and grubbing the site
To be occupied by the permanent construction and the surface areas of

. all borrow and waste areas.

(2) Clearing:  The areas to be occupied by permanent construction
'togehner with the suriace areas of 'zll borrow pits and stockpile sites
shall be cleared of all trees, stumps, roots, brush, fences, poles,
rubbish and other objectionabie material. 'Such material shall become
the property of the Contractor and snall be burned, removed from the
job site or otherwise disposed of as approved by the Engineer.

{ o (3) Burning: All raterial to be burned shall be piled neatly and

’ " when in suitable condition shall be burned completely. Piling for
burning shall be done in such a -wanner and in such locations as to
cause the least possible fire risk. Burning snall reduce all msterials
to ashes. The Contractor shall at ‘all times take special precautions
to prevent the spread of fires beyond cleared areas and shall have

- available equipment for use in preventing and suppressing fires.

1.2, EXCAVATION

¢~ (1) VWork Included: This section of work shall include the stripping
""" of the work area as shown on the érawings, the removal and disposition
of unsuitadble waterials from the work area, the excavation of the cut-
oy . : ~ off trench, preparation of the ewbankment foundation area for backfill
’ -and the backfilling of all areas other than the .embankment proper and
around structures. : ' Co

(2) Stripping: After the work area has been cleared and grubbed,

- . ‘it shalil be stripped of sod, topsoil, organic material or other
: objectionable material to a minimum depth of one foot or to a i
greater cepth if topsoil exists to such greater depth. j

. ; Suitable topsoil shall be stockpiled for later use upon the embank-

" ment or other filled areas. Objectionsble material and excess topsoil
shalil be dzsposed of within the reservoir area as directed by the
nag‘ueer.» o . y o K




. on the drawings. -

Al -

cuoes
(3) f, avation of Foundastion and Cut-off Trench: Excavation shaill
be to the lines anc grades shown on the drawings or as establisned
by the Engineer. During the progress'of the work it may be found
éesirable.to Vary -the slopes or Gimensions of the excavations shown

‘All excavations for the embankment, cut-ofi trench or structures
shall be under conditions free from flowing, standing or seeping
water. . During-the progress of the work the surface shall be main-

"tained so that it shall be well érained at all times. The excavation
- snall be maintained in the. above-stated condition until such time as

the embankment or structure Las been constructed thereon., No excavation
sH314 be made into ‘rozeﬂ materials without the written permission of
the’ Ennlneer. . . : .. o

t e

-

(4) :Digposition of Excavateé Material: Excavated material suitable

‘for use in the fill area may be used directly for that purpose or
stock-piled for such later use. All such material must be approved
for use by the Engineer. Materials excavated from the embankment
foundation shall not be used in the construction of ewmbankments with-
out the express permission of the Engineer. Excess or undersirabie

‘excavated material shall be wasted within the reservoir area in the

general vicinity of the comstruction as directed by the Engineer. All
such waste areas shall be fine gracded to dérain properly and present a
neat BPPEornnCe. -

- .

(5)' Excavation for Buried Structures: 1f the material at or below the

"normal grade of the bottom of the st ructure is unsuitable for foundationm,

it shall be replaced to such dep;ns and widths as necessary with stablized
gravel.. . S . : :

(6) " Preparation of Foundation-Subgrade: The subgrade for the embank=
ment shall be prepared by scalping to a six inch (6") depth or deeper
if so indicated on the drawings, compacting and leveling so that the
surface materials of the foundation will be as compact ‘as hereinafter

- specified for the embankment proper. Surfaces upon which the earth-

£ill ecbankzent is to be placed shall be cleared of all loose and ob=
jectionable material ia an upproved manner by hand work or other
eifective means. .

The surface of the subgrade, immediately prior to placing the fill,

‘shall have all surface water removed, soft and unstable areas ex-

cavated and shall be properiy moistened and sufficiently clean to
obtain a suitable boad with the earthfill, ' '
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ENBARIMENT @

(1) Work I iucluoec- The work uncder this Section includes furnishning
all labor, mau@f;ulsl ecuipment ané transportation ngcessary to com-
ient to the lines and grades shown

111 oI the cut-oif trench.

plete the conpacted eartnhrill embaniy
on the crcw*ngs, incluéing Lhe backfi
(2) Eorrow'sites other tnhan those, desig*=

ted on the plans shall recguire
the approval of the Engineer priox to excavati

ion in that area.

Clearing, grubbing and stripping.of the borrow areas snall be as recuiread

by other sections of t i .

The Engineer shall designate the ceoths of'cut in all parts of the

borrow pits; cuts shall then be made to such Gepins. The earthfill
material delivered on the édam embanxment shall be eguivalent to a

mixture of materials obtained from an approximately uniform cutting

from the full height of the desigrnated fiace of the borrow pit excavation.

The type oi equipmen{ usec¢ and the Contractor's operation in the excava-

tion of borrow material shall be such as will produce the reguired uni-
formity of mixture of the borrow mat als. The plasticity index of the

borrow macterie. shall not be less than 10% All &ry, hard lumps of soil

Irom the borrow pit shall be broken Gown so that the largest dimension of

the lump is .iess than three (3) inches.

t

xcavatec -surfaces of borrow pits shail be graded to slopes not steeper
nan 1 1/2 to 1. The bovrow pit shail be cperated so as not to impair
he'use;u;ﬂess or mar the aynenrance .of . any of the property of the Owner.
rrow pits will be maintaineé with sufficient slopes to prevent stand-
ing water and snall be provided with érainage ditches to convey storm’
ural outlets. Seepage zones, if encountered within tne borrow
T be controlied by properly ‘placed drains to prevent the borrow
fron becoming wet, weak and compressible. .

The sejection of suitable borrow ma;erlals Sﬂull be Uﬂoer the direction

-

of the Engimeer at all times. Materials having a dry weignt of less than

110 oounéé per cubic foot shall not be used in the enbankments. Particies .

;_J
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6 inches in cGiameter shell hot be used in making the embank-

3]

wen

(3) Placing Fill Material: Fill material shall be placed in successive
layers of not more than 6 inches depth loose measure, placed approximately
norizontel for the full length and width of the section. A .crown of 2%
slope shall be malintained on the cross-section of the f{ill area to provade
drainage.. Materials shall not be.placed on areas softened by standing

water., If it is necessary to provide a break in the length of the earthfill,

the er's of the sections shall slope not more than 4 to 1. No frozen .
materiel shall be placed irn the fill nor shall the erbankment be placed
on frezen ¢round. 1Ii the suriace of a-previously acceptea 1lift of embank-

ent Lecunes wet and unstedle, such meterial shall be renoved and replaced
to such extent as directed by the Engineer without further compensation.

-~
. .
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helore cuinpacCiion 1L the 111 arces, i€ LLIIOW maiterials chiell be
DrouGnt 1o from 2% below 1o 2% above Cpilinad molsture content.
Opiinum moisture shall ‘be cef Let water content wWnich will
result in a mexinum dry unit weight of ihe s0il when subjected to
the Standard Prociror Coipaction Test, AASHO T-99 or A.S.T.M. D-698B.

ined as

-
18
x

1 _ . Optimun molisture content for tne borrow material shall be determined by
the Englineer based on compaction control curves. Field density tests
will elso be periormeG on naterials pliaeced in the compacted fill Guring
construction. Materiel which Goes not contain sufficient moisture to )

-meet the wbove reguiremnents shalil be sprirkied with water at the borrow
site or on the ewbanknent as directed by the Engineer. Materials contain-
ing excecs moisture shall be dried to meet the above limits prior to
compaction. Drying oI wet materials shail be accomplished by the use
of plows, discs, harrows, scarifiers or powe*—c.lven mixing machines

" as approved by the Engineer. .

The material in the cut-off trench cnd embar; rxment shall be compacted to
i i 97% oif the standard procror-density.

amping rollers shall be used for compacting the earthfill to the above

ensity. The Contractor shall at all times maintain sufficient compacting
eguipmnent operating on the fill to balance the numbers of hauling eguip-
ment used to deliver and spread the borrow material.

Wren each laver of loose waterial has been prepared:to the moisture

wtent herein provided,. it shall be compacted by passing the compacting

ier, as specified above, over the ;ave* a minimum of six times. Each

s snall overlap the preceding pass by not less than one foot. If tests
indicate that less than the reguired degree oI compaction has been

obtained by this method, the weight of the roller may be increased, tne
umber of passes of the roller may be increased, or the thickness of the
layer of material may be decreased. ’

It shall be the responsibility o the Contractor to ‘properly bond each
succeeding layer of material to the layer previously rolleé down. If
lied surface of any layer is too smooth.or too dry to bond properly
) with the succeeding layer, it shall be roughened by harrowing and moistened
- - to the satisfaction of the Engineer beiore the succeea,ng layer is placed
irn the £ill.

P

1.4. . BACKFILL AROUND STRUCTUKES:

Materials placed against, over and around thne permanent concrete
structures shall be clzssified as "Backfill around Structures."
Applicabie provisions of Section 1.3. "Emnankment" shall apply to

this work except that material shall be pliaced in layers not to exceed
four inches loose measure &nd compacted by mechanical taopers.
Mechanized eguipment such as hulldozers or iront end loaders shall not
be used t. push backfill raterial against trhe completed masonry. Care
i.oii be teken to hring all f:i11 up evenly.

T . L ¢
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5.1. WORK INCLUDED:

Tris item inclules all labor, ecu:
listed as provicéed py the Owier,
~

-ciflicetion
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.6. of these specifications shall - ;

: 5.3. 7T0Z DREIN FILTER:
. - = = Y s : -~ ~ - . -~ . = '~ . .
Thne sané ior the toe Grain filter shall corniorm to the foliowing gracdat.ong

Passing 3/86" sieve . 100%
FPassing NO. 4 sieve _ . G5 - 100%

: Passing No. B sieve - °, 85 - 100% .
Passing No. 30 sieve - .60 - 90% f
Pas§ing No. 50 sieve ..45'f 70% ]
Pacsing No. 200 sieve : .0 5% maximuam

The gravel for the toe érain filter shall be crushed rock or pit run gravel
coniorming to Virginia Department of Highways grading No. 19 or 20, except
that the amount of material passing the No. 200 sieve shall not exceed 5%.

be free from dirt

us o Silter shail
T "filter srall be compacted to the
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