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• 20. Abstract

~ ursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contained in the recomsended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington , D. C. 2031.1$. The purpose of a Phase I investigation is

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

• investigation is intended to identify any need for such studies.

Based upo~ the field cqnditions at the time of the field ini~~~~ion
and all ~‘ailable engiØeering data , th# Phase I repor~ addresses thehydrauli~ , hydrologic1! geologic, geot~chnic , and strt~otural aspects of
the dam/ The engine~~ing techniques, employed give a/reasonably
accurate assessment óf the conditions of the dam. It should be
realized that certain engineering aspects cannot be fully analyzed
during a Phase I inspection . Assessment and remedial measures in the

• report include the requirements of additional indepth study when
necessary.

~
‘Phase I reports include project information of the dam and
appurtenances, all existing engineering data , operational procedures ,

• hydraulic/hydrologic data of the watershed, dam stability, visual
inspection report and an assessment including required remedial
measures .
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PREFACE
t

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations . Copies of these guidelines may be

• obtained from the Office of the Chief of Engineers, Washington,
• D.C. 20314. The purpose of a Phase I investigation is to

identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving

• 
• 

topographic mapping, subsurface investigations testing, and
• detailed computational evaluations are beyond the scope of a

Phase I investigation; ~iowever, 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 reser-

• voir was lowered or drained prior to inspection, such action,
while improving the stability and safety of the dam, removes
the normal load on the structure and may obscure certain
conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a darn 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 darn 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 spiliway design flood is based
on the estimated “Probable Maximum Flood” for the region
(flood discharges that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions
that are reasonably possible), or fractions thereof. Because
of the magnitude and rarity of such a storm event, a finding
that a spillway will not pass the design flood should not be
interpreted as necessarily posing a highly inadequate condi-
tion. The design flood provides a measure of relative
spillway capacity and serves as an aid in determining
the ne’ed for more detailed hydrologic and hydraulic studies,
considering the size of the darn, its general condition
and the downstream damage potential .

-
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PHASE I INSPECTION REPORT
NATIONAL DAlI SAFETY PROGRAM

• Name of Dam : Lake of the Woods
State: Virginia

• County: Orange
Stream: Flat Run
Date of Inspection: 29 November 1978

BRIEF ASSESSMENT OF DAN

Lake of the Woods Darn is an earthen dam approximately 65 feet
high and 1475 feet long. The darn is owned , operated , and

• maintained by Lake of the Woods, Inc. and was designed by
Bauer Engineering, Inc. The lake is used for recreation by
Lake of the Woods residents. The visual inspection and
review of engineering data, made in November 1978 and

• January 1979, indicate no deficiencies requiring emergency
attention.

The spillway will pass 67 percent of the Probable Maximum
Flood without overtopping the dam, which is considered inadequate
but not seriously inadequate for the “intermediate” size-
“high” hazard classification of Lake of the Woods Dam.
Review of stability calculations and visual observations
made in the field indicate no evidence of embankment instability
or piping of an emergency nature. However, if an emergency
condition developed that would require draining the reservoir;
the inability of the reservoir drain to empty the reservoir
in a reasonable period of time is considered an undesirable
condition. A study should be instituted immediately to
determine an alternate method to drain the reservoir.

It is recommended that the finger drain outlets at the toe
be located and opened into the drainage channel along the
toe of the dam. The epoxy patches in the spillway that are
no longer adhering to the concrete should be repaired,
especially around the sluice gate. Rock should be placed
over the seepage and erosion area at the end of the right
spillway wall beside the stilling basin. The area behind
the left spillway wall, where settlement has occurred,
should be filled with soil, compacted, and seeded. The
following minor maintenance items should be accomplished as
part of the yearly maintenance program: fill and seed bare
areas on the embankment, remove small trees from the drainage
ditch at the toe, replace disloged or missing riprap, remove

I
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• any large debris from the reservoir area and spillway , and
t install a staff gage to monitor reservoir levels above

normal pool.
original signed. byi

MICHAE L BAKER, 1~., INC. SUBMITmD: ~~~~ ~~ WALSH~/7 ~~~~~~~~~~~~~~~~ James A. Walsh
• 

~~~~~~~~~~~~~~~~~ U~~ ’~~— Chief, Design Branch
____________________________ Original signed by~Michael Baker, III, P .E. RECOMMENDED: ~ ANE IL. GOODWIll
Chairman of the Board and Zane M. Goodwin
Chief Executive Officer Chief , E1~~~%4~~ d.I~~gned by:

APPROVED: T~ni1g1~~~ T.. ThL1 I A1
Douglas L. Bairer
Colonel, Corps of Engineers

• District Engineer
Date: MAR 19 1979

MICHAEL ~~~~
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PHASE I INSPECTION REPORT
NATIONAL DAlI SAFETY PROGRAM

NAME OF DAN: LAKE OF THE WOODS ID* VA 137O1

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 through-

• out 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 Darns. The main responsibility is to
expeditiously identify those dams which may
be a potential hazard to human life or property.

1.2 Description of Project

1.2.1 Description of Dam and Appurtenances: Lake
of the Woods Dais is a homogeneous earthfill
dam approximately 1475 feet long and 65 feet
high. Seepage control is provided by an
8 inch perforated C.M.P. which extends from
abutment to abutment along the base of the
dais approximately 30 feet downstream from the
centerline (see Plate 2). A cutoff trench
and filter drains provide additional seepage
control at the downstream toe and beneath
12 inches of riprap on the upstream face.

The overflow spillway located in the left
abutment area consists of a concrete ogee
weir, 40 feet long and 6.5 feet high, with a
paved chute spillway, approximately 135 feet
long on a 3 horizontal to 1 vertical (3:1)
slope. All outflow from the dam is through
this overflow spiliway. The chute spillway
discharges into a 30 foot wide by 65 foot
long stilling basin. The weir crest elevation
is 317.5 feet M.S.L.

A two—foot-square sluice gate is located at
• the left end of the concrete weir and is used

primarily to flush sediment that accumulates
O behind the weir.

• NAME OF DAM: LAKE OF THE WOODS
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The lake can be drained by means of a 12 inch
ductile iron drainpipe which extends through
the dam and outlets into a small stream at
the downstream toe of the darn. The drain is
controlled ~

,y a 12 inch plug valve located
about 15 feet upstream of its outlet. The
plan and typical sections of the dam are
shown on Plates 1, 2, and 3.

1.2.2 Location: Lake of the Woods Dam is located
on Flat Run just upstream of Virginia State
Route 3, 7 miles northwest of Chancellorsville,
Orange County, Virginia. A Location Plan is
included in. this report.

1.2.3 Size C1assificatiq:~~ The maximum height of
the darn is 65 feet above the old streambed
of Flat Run . The reservoir volume to the
top of the dam is 14,160 acre-feet. Therefore,
the darn is in the “intermediate” size category
as defined by the Recommended Guidelines~ ~~~

• Safety Inspection of Dams.

1.2.4 Hazard Classification: A treatment plant is
located in the floodplain approximately
0.4 mile downstream from the dam. Because of
the proximity of this plant, loss of life
could result in the event of failure of the
dam. Therefore, the dam is considered in the
“high” hazard classification as defined by
Section 2.1.2 of the Recommended Guidelines
for Safety Inspection of Dams. The hazard
classification used to categorize dams is a
function of location only and has nothing to
do with its stability or probability of
failure.

1.2.5 Ownership: Lake of the Woods Dam which is
situated in a private residential community
is owned, operated, and maintained by Lake of
the Woods, Inc.

1.2.6 Purpose: Lake of the Woods Dam is a privately
owned recreational facility.

1.2.7 Design and Construction History: The existing
facility was designed for the owner by Bauer
Engineering, Inc. of Chicago, Illinois and
constructed by Shoosmith Bros., Inc.

NAME OF DAM: LAKE OF THE WOODS
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1.2.8 Normal Operational Procedures: No formal
• operational procedures are followed for this

dam since it is a recreational facility.
Normal pool elevation of 317.5 feet M.S.L. is

• maintained by a concrete ogee overflow weir
that is the only spillway. The two-foot-
square sluice gate and the 12 inch reservoir
drain are opened annually to flush out

• sediment deposits.

1.3 Pertinent Data

1.3.1 Drainage Area: The drainage area of the Lake
of the Woods Dam is 7.23 square miles.

1.3.2 Discharge at Darn Site: The maximum discharge
through the spillway is not known.

Spiliway:
Pool level at top of dam . . . . 3801 c.f.s.

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

TABLE 1.1 DAlI AND RESERVOIR DATA

Reservoir
Capacity

Elevation Area Acre- Watershed Length
Item feet M.S.L. acres feet inches feet

Top of dam 325.0 625 14,160 36.7 14,600
Spillway crest 317.5 500 9880 25.6 13,400
Streambed at centerline
of dam 260± - - -

I
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SECTION 2 - ENGINEERING DATi~

2.1 Design: The design data reviewed included the following:

1) As-built drawings of the dam including plan,
• elevation, typical sections, structural

details, boring logs, and test pits.

2) Partial construction report documents including
revisions that were made to the side slopes
and compaction requirements (Appendix V).

3) Final inspection report by the designer,
Bauer Engineering, Inc., at time of construction
completion (Appendix V).

4) Partial hydraulic and hydrologic design data
by Bauer Engineering, Inc., including a flood
routing for Probable Maximum Flood (PMF), was
reviewed and is discussed further in Section 5.1.

5) Soils exploration reports by Dames and Moore
(Appendix VI).

6) Stability analyses by Dames and Moore, and
Bauer Engineering, Inc. are discussed further
in Section 6.2.2 (Appendix VII).

All design data reviewed was borrowed from the owner.

2.2 Construction: The dam was built by the Shoosmith Bros., Inc.
and was completed in March 1968. As-built drawings,
change orders, and material requisitions were available
for review. The as-built drawings were verified in the
field.

According to correspondence reviewed from the owner’s
file; it is apparent that during construction of the
embankment, 95% of modified density was difficult to
maintain. It was decided that, although 95% compaction
would be strived for, a lower limit for compaction of
92% to 93% would be permissible. Dames and Moore of
Chicago, Illinois, performed field explorations and
laboratory tests during construction. With the relaxation
of compaction requirements, it was decided to flatten
the final slopes to 4:1 upstream and 3.5:1 downstream.
These were the final slopes as indicated on the as-
built drawings. The final inspection of the dam,
spillway, and appurtenant structures was made by the

• design engineer on 6 March 1968.

NAME OF DAM : LAKE OF THE WOODS
11



— — - -.~-—~~~— -~~~~~ ‘~~~—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

• 2.3 Operation: There is no formal operating procedure for
this dam. However, the two-foot-square sluice gate
located in the spillway is operated on an annual basis
to flush out sediment deposits as is the 12 inch reservoir
drain.

The filling of the reservoir commenced in 1967 according
to the report by E. D’Appolonia in October 1969 (Appendix V1
pp. 5-18). Although there was some concern about the
“slow rate of filling of the reservoir,” D’Appolonia• felt that additional filling time should be allowed
before concluding the lake would not reach its normal
pool elevation without expensive remedial or artificial• filling measures.

Bauer Engineering, Inc. conducted an inspection (see
report and check list in Appendix V) in August 1970 at
the request of the developer, Boise Cascade Corporation,
and stated that in general the dam appeared to be in

• excellent condition.

2.4 Evaluation:

2.4.1 Desi9n: The as-built drawings were adequate
to aid in the assessment of the stability of

• the dam. Stability calculations for the
earthen section of the dam are included in
Appendix V1I. Design calculations for
different conditions were available for the
concrete weir and adjoining retaining walls
of the spillway.

2.4.2 Construction: The construction reports and
correspondence reviewed indicated that construc-
tion methods used were in accordance with
design criteria.

2.4.3 Operation: Operations performed by Lake of
the Woods personnel are considered adequate
for this structure.

I
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SECTION 3 - VISUAL INSPECTION

3.1 Findings

3.1.1 General: The field investigation was made on
4 29 November 1978. The weather was cloudy and

rainy. The lake was at elevation 317.0 feet
M.S.L. (0.5 foot below normal pool). The
embankment and the appurtenant structures
were found to be in good overall condition• and do not require immediate remedial action.

3.1.2 Darn: The embankment was in good condition
• except for small areas on the crest and

downstream face which have sparse topsoil and
vegetation. These areas should be topsoiled
and seeded. There is scattered driftwood on
the riprap which should be removed. The
stone riprap dislodged in a few small areas
should be replaced.

The wet areas at the toe of the dam and on
the slopes of the collection ditch nearby are
probably caused by the finger outlets from
the filter drain being partially blocked by
topsoil. The outlets should be cleaned out
and extended to the ditch where necessary.
Trees growing in the ditch and dumped tree
stumps should be removed.

• 3.1.3 Appurtenant Structures: The intake portion
of the reservoir drain is submerged. The
plug valve and outlet pipe appear to be in
good condition. There was no flow from the
outlet pipe (Photo 1).

The concrete spillway functions adequately in
spite of minor deterioration which includes
epoxy patching in nine areas with clear

• leakage at two locations. There are small
• • popouts of aggregate on the crest of the weir

and in the spillway. Minor settlement (less
than 2 feet) of the backfill adjacent to the
left (north) wall should be corrected by the
addition of compacted soil and seeding. The

• clear seepage and eroded area at the end of
the right wall beside the stilling basin
should be covered with roclc to prevent
further erosion. There is ~ome clear leakagein the patched stem of the weir adjacent to
the slide gate. Photos 2-6 show the deteri-

• oration of the spiliway.

NAME OF DAM: LAKE OF THE WOODS
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3.1.4 Reservoir Area: The slopes in the reservoir
area are apparently well vegetated with minor
erosion.

3.1.5 Downstream Channel: The outlet channels for
the reservoir drain and spillway are in
satisfactory condition. There is some minor• erosion on the slopes where clear seepage is
present downstream from the spillway.

3.2 Evaluation: None of the above items is serious enough
to represent an emergency condition. However, the
following items should be completed within a year from
the date of this report. Erosion control and seeding
of bare areas should be included in the annual inspection
and maintenance program. The repair of the filter
drain outlets, elimination of trees growing in the

• downstream drainage ditch, removal of the pile of tree
stumps, and repairs in the spillway area should also be
completed.

I

I
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 Procedures: Operational procedures are generally
discussed in paragraphs 1.2.8 and 2.3. The owner opens
the slide gate on the face of the concrete weir in the

4 spillway and the reservoir drain annually to flush out
sediments.

4.2 Maintenance of Dam: Maintenance of the dam is provided
by personnel of Lake of the Woods, Inc.

• 4.3 Maintenance of Operating Facilities: Maintenance of
the operating facilities is also provided by the owner.
As previously mentioned, the slide gate on the weir in
the spillway and the reservoir drain are operated and
checked annually.

4.4 Warning System: At the present time, there is no
formal warning system or evacuation plan in opera-
tion. It is recommended that a formal emergency
procedure be prepared and prominently displayed, and
furnished to all operating personnel. This should
include:

1) How to operate the darn during an emergency.

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

3) Procedures for evaluating inflow during
periods of emergency operation.

4.5 Evaluation: Operational procedures are considered
adequate for the existing facilities at Lake of the
Woods Dam.

I
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SECTION 5 - HYDRAUL.LC/HYDROLOGIC DATA

5.1 Design: Partial hydrologic and hydraulic design calcula-
tions were obtained from the owner. According to the
design calculations , dated October 1966 , by Bauer
Engineering, Inc., the dais and spiliway will pass the
PMF with a maximum reservoir elevation of 324.2 feet
M.S.L. The spi].lway discharge capacity was computed by
Bauer Engineering, Inc. using a weir coefficient of 4.0
for all reservoir heads and a weir length of 50 feet.
This would yield a maximum discharge at the top of dam
elevation of approximately 4100 c.f.s.

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

5.3 Flood Experience: No records of high stage were avail-
able for this report. However during the heavy rains
of July 1969, the reservoir was being filled and rose
an additional 6 inches as a result of this rainfall.
(Appendix V, p. 10.)

5.4 Flood Potential: Performance of the dam and reservoir
by routing the PMF, the 1/2 PMF, and the 100-year flood
is shown in Table 5.1.

Surface area and storage capacity data were obtained
from the design data. Outlet discharge capacity hydro-
graph and routing determinations were computed as part
of this report for comparison with design assumptions
and calculations. Flood routings were started assuming
the reservoir level was at normal pool (elevation
317.5 feet M.S.L.).

5.5 Reservoir Regulation: Pertinent dam and reservoir data
are shown in Table 1.1, paragraph 1.3.3.

Regulation of flow from the reservoir is automatic
under normal conditions. Normal pool (elevation
317.5 feet) is maintained by the crest of the overflow
weir in the spillway. Normal outflow from the reservoir
passes through this spil].way, except for flow through
the reservoir drain and slide gate when opened.

5.6 Overtopping Potential: The overtopping potential was
evaluated by combining three separate inflow hydrographs• for each flood analyzed. One inflow hydrograph represented
inflow produced by direct runoff from rainfall over the
lake surface area of 0.78 square mile. A second
inflow hydrograph represented 3.40 square miles of

NAME OF DAN: LAKE OF THE WOODS
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watershed in the upper regions of the watershed, which
was lagged 2 hours based on travel time behind the lake
runoff hydrograph. A third inflow hydrograph repre-
sented the remaining 3.05 square miles of watershed,

• which included primarily the watershed around the lake.
This watershed, having a short time of concentration,
was lagged only 0.5 hour behind the lake runoff hydro-
graph. These three hydrographa were combined and
routed through the reservoir to determine the outflow
hydrograph.

The probable rise in the reservoir and other pertinent
information on the reservoir performance in various
hydrographs are shown in the following table:

TABLE 5.1 RESERVOIR PERFORMANCE

Hydrograpbs
Item Normal 100 Year 1/2 PMF PMF

Peak flow, c.f.s.
Inflow — 5996 12,609 25,218
Outflow - 543 2769 13,804

• Peak d cv., ft. M.S.L. 317.5 319.6 323.6 326.7
Spillway

Depth of flow, ft. (a) - 1.4 4.]. 6.1
Avg. velocity, f.p.s. - 6.5 11.4 14.0

Non-overflow section
Depth of flow, ft. - - - 1.7

• Average velocity, f.p.s. - - - 3.5
Duration of
overtopping, hrs. - - - 6.3

Tailwater d cv., ft. M.S.L. 262.0 - -
(a) Estimated depth at ogee weir based on critical depth.

5.7 Reservoir Emptying Potential: Neglecting inflow, the
reservoir elevation may be lowered from normal pool
(elevation 317.5 feet M.S.L.) to elevation 310.5 feet
M.S.L. in approximately 45 days by use of the two-foot-
square, sluice gate outlet on the face of the weir and

• the 12 inch diameter reservoir drain. The reservoir
below the sluice gate invert of elevation 310.5 feet
M.S.L. can only be lowered by use of the reservoir
drain with a maximum discharge (pool level at elevation
310.5 feet M.S.L.) of 11 c.f.s. Again neglecting
inflow, it would take 1 year to lower the reservoir

• from elevation 310.5 feet M.S.L. to the invert of the
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reservoir at elevation 275.0 feet M.S.L. In the event
of an emergency, the reservoir coult not be emptied in
a reasonable time because of the small size of the
reservoir drain (12 inch diameter pipe).

• 5.8 Evaluation : Lake of the Woods Darn is classified according
to COE criteria as an “intermediate” size-”high” hazard
structure requiring passage of a spil].way design flood
equal to the PMF. The spillway will only pass about
67% of the PMF without overtopping.

However according to design data computed by Bauer
• Engineering, Inc., the spiliway will pass the PMF with

a maximum reservoir elevation about 0.8 foot below the
top oL dam. The differences between the computations

F for the design and the computations completed as part
of this report can probably be attributed to methods of
analyses, difference in weir length of spillway , and
difference in peak and volume of hydrographs. The peak
used for the design hydrograph was 19,300 c.f.s.
compared to the 25,200 c.f.s. used for the hydrograph
listed in Table 5.1. The assumptions used in computing
the design hydrograph are not known.

Therefore, the hydrographs computed as part of this
report (shown in Table 5.1) were used in the evaluation
of the spillway adequacy because they were considered
to more accurately depict the actual conditions found
in the field.

The inability to empty the reservoir in a reasonable
period of time is considered undesirable and an alternate
means of draining the reservoir during an emergency
condition should be investigated.

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

I
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SECTION 6 - DAN STABILITY

6.1 Foundation and Abutments: There is 3 feet of alluvial,
silty sand and gravel (SP/GP) in the bottom of the

• stream valley with 5 to 8 feet of sandy silt at higher
elevations nearer the base of the hills overlying gray,
highly weathered gneiss. The slopes in the abutment
area are covered by 5 feet of reddish-brown, clayey
silt overlying brown and gray, sandy silt with rock
fragments (decomposed rock) to a maximum depth of
50 feet. The top of the bedrock is gray and brown,

• highly weathered gneiss.

6.2 Stability Analysis

6.2.1 Visual Observations: No evidence of insta-
bility in the embankment, cut slopes, or
concrete structures was observed. The only
deficiencies observed were the partial settle-
ment of the backfill adjacent to the left
wall of the concrete spillway, and clear
seepage and erosion at the end of the wall on
the right side (see Photo 6). The flow, from
the filter drain and clear seepage in the
vicinity of the toe of the darn and parallel
drainage ditch, occurs in several areas to
the right of the reservoir drain outlet
apparently from the covered granular finger
outlets. The flow from the collector ditch
into the stilling basin for the spillway was
measured at 4 g .p .m., which was not considered
excessive.

6.2.2 Design Data: The slope stability was checked
in 1967 by the Swedish Circle Method for the
homogeneous dam embankment. The analysis was
computed by Dames and Moore. The embankment
section chosen for these analyses had a crest
elevation of 325.0 feet M.S.L., upstream
slope of 4:1 ratio, and a downstream slope of
3:1. The following shear strength parameters
were assumed for the foundation and embankment
soils:

C Unit Weight

~ (p.s.f.) (p.c.f.)

V
Homogeneous Embankment 20° 200 115
Foundation (Assumed ) 28° 300 120
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The shear strengths for the embankment were
determined from the consolidated, saturated,
undrained, triaxial shear and direct shear
tests. The embankment soil on the slopes was
assumed to be saturated. The homogeneous
soil was assumed to be compacted to 90% of
the maximum dry density. The parameters of
the foundation soil immediately underlying
the embankment were assumed. The minimum
safety factors computed by Dames and Moore
for the homogeneous embankment were 1.66 for
the upstream slope and 1.35 for the downstream

• slope. Computations for the downstream slope
assumed steady seepage with a straight phreatic
line extending from the water level (equal to
the spillway crest) on the upstream slope to
the filter drain which is based on an adequate
performance of the drain. The filter drain
is located on the foundation just downstream
from the crest.

The upstream slope was also checked at a
later date by Bauer Engineering, Inc. A
factor of safety of 1.726 for an upstream
slope of 3:1 was calculated by the method of
slices for a 0.05g seismic factor.

There was no available explanation for the
different slope stability criteria used by
the two consultants.

The stability analyses data are presented in
Appendix VII.

6.2.3 Operating Records: The reports of several
inspections of the dam from 1969 to 1972 by
engineering firms are included in Appendix V.
A few clear seepage zones in the vicinity of
the toe of the dam were observed along with
erosion areas, slow filling of the reservoir
due to possible water loss, clear leakage
through cracks in the spiliway, and other
minor conditions. Remedial measures were
recommended for the deficiencies and some
were undertaken by the owner, as indicated by
the epoxy patching applied to the cracks in
the concrete weir.

6.2.4 Post-Construction Changes: No significant
alterations to the dam were apparent since it
was constructed.
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F 6.2.5 Seismic Stabilit~ : Lake of the Woods Darn is
located in Seismic Zone 2 near the line of
demarcation with Seismic Zone 1. Therefore,
it is considered to have no hazard from
earthquakes according to the Recommended
Guidelines for Safety Inspection of Dams,

F provided st~t~c stability conditions aresatisfactory and conventional safety margins
exist.

6.3 Evaluation: The embankment section chosen is similar
to the as-built drawings except the downstream slope
was constructed at a 3.5:1 ratio which would result in
a higher safety factor than previously calculated (1.35)
for steady state seepage with headwater at the spillway
crest. None of the available calculations indicate
that stability under rapid drawdown conditions was
performed. The 4:1 slope on the upstream side is
usually adequate except in cases where the soil strength
is extremely low, which is not the case for Lake of the
Woods Dam based on available information. However,

• good engineering practice requires that stability under
rapid drawdown should be examined.
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SECTION 7 - ASSESSMENT/REMED IAL MEASURE S
A

7.1. Dam Assessment: The darn will pass approximately 67% of
the PMF without overtopping which is considered inade-
quate but not seriously inadequate according to criteria
established by the Recommended Guidelines for ~~~Safety Inspection of Dams for an “intermedi~~e” size—“high” hazard category.

Stability analyses were available (Appendix VII) for
review. The stability analyses indicated sufficient
factors of safety. No evidence of sloughing or seepage

4 indicating embankment distress was observed during the
field inspection. The embankments appeared uniform in
section with no bulging or areas of depression evident.
The grass cover on the embaniQuents was in good condition
with the exception of a few small bare areas.

• The spillway appears to be functioning adequately.
Epoxy patching is leaking (clear) in several places on
the weir. There are also small popouts of aggregate on
the crest of the weir and in the spiliway . These items
are not considered to deter proper spillway operation.

7.2 Recommended Remedial Measures: It is recommended that
continued maintenance of the concrete surfaces in the
spillway be provided. The clear leaks in the weir and
around the slide gate should be patched where the old
epoxy patching is no longer adhering to the concrete.

An alternate means of draining the reservoir in case of
an emergency should be investigated immediately by a
consultant since the reservoir cannot be drained in a
reasonable period of time. In addition, the stability
of the upstream slope under rapid drawdown should be

F examined.
• The finger outlets from the filter drain should be

located, cleaned, and extended to the drainage ditch
aiong the toe of the dam. The drainage ditch should be
cleaned of the tree stumps and other debris, and main-
tam ed to provide adequate drainage away from the dam.

The inspection revealed certain preventative maintenance
items which should be scheduled as part of an annual
maintenance program. These are:

1) Rock should be placed over the seepage and
• erosion area at the end of the right spillway

wall beside the stilling basin.
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2)  The area behin d the left wall of the spillway
where settlement has occurred should be
filled with compacted soil and seeded .

3) Fill and seed all bare areas on the embankment.

4) Remove all trees along the drainage ditch at
the toe of the dam .

5) Replace any dislodged or missing riprap along
the upstream embankment and approach channel
to the spillway.

• 6) Remove all driftwood and other debris from
•1 the reservoir area.

7) Install a staff gage to monitor reservoir
levels above normal pool.

S
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Photo 1: Head Wall Containing Filter Drainpipe (Left Side of
Photo) and Reservoir Drainpipe (Right Side of Photo)

L i Photo 2: Discharge Channel for Concrete Spiliway

Photo 3: Riprapped Approach Channel, Concrete Overflow Weir,
Lift Pedestal and Slide Gate

• Photo 4: Slide Gate on Downstream Face of Weir

Photo 5: Spillway, Stilling Pool, and Downstream Channel

Photo 6: Large, Wet Area on Left Abutment to Right of Spillway

Note: Photographs were taken on 29 November 1978.
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PHOTO 1. Head Wail Containing Filter Drainpipe (Left Side of Photo) and
Reservoir Drainpipe (Right Side of Photo)
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PHOTO 2. Discharge Channel for Concrete Spiilway
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LAKE OF THE WOODS DAM

PHOTO 3. Rlprapped Approach Channel , Concrete Overflow WeIr, Lltt Pedestal
and Slide Gate
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PHOTO 4. Slide Gate on Downstream Face of Weir.
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PHOTO 5. SpilIway, Stilling Pool and Downstream Channel
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PHOTO 6. Large, Wet Area on Left Abutment to Right of Spiliway 
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CHECK LIST
HYDROLOGIC AND HYDRAULIC DATA

ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS : 7.23 sg .mi.
317.5 ft. M.S.L.

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY) : j9880 ac. -ft.)
325 ft. M.5.L .

• ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): (14 160 ac. -ft.)

ELEVATION MAX IMUM DESIGN POOL: 324.2 ft. M.S .L .

ELEVATION TOP DAM: 325.0 ft. M.S.L.

CREST: Principal Spiliway

a. Elevation 317.5 f t .  M.S.L.
b. Type oyerflrIw typo r~rrrot0 ~p i llw ~y
c. Width 4b rt. crest wicltn
d. Length Approximately 210 ft.
e. Location ~pillover Outside left abutment
f. Number and Type of Gates 1 slide_g~ate (2- f t.-sq.) on left side

of weir (elev . 3~0.5 ft. M.S.L.Y 4

OUTLET WORXS: Reservoir Drain

a. Type 12-in. diameter ductile iron pipe
b. Location Exits at toe of dam near center of embankment
c. Entrance inverts 275.0 ft. M.S.L.
d. Exit inverts 265.7 ft. M.S.L.
e. ~nergency draindown facilities 2 x 2 ft. sluice

_qated outlet and
12 In. dip. blow-off Dipe

HYDROMETEOROLOGICAL GAGES: None at dam site

a. Type 
____________________________________________________

b. Location 
________________________________________________

c. Records -

MAXIMUM NON—DAMAGING DISCHARGE Unknown

Name of Dam: LAKE OF THE WOODS

3
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PROGRESS REPORT NO. 2

Lake of the Woods - - Darn Connructton

A~ of Apr11 21, 19b7

After being closed for the winter months, construction
on the main darn resumed AprIl 12, 1967. Although the work proceeded
slowly during the first week progress was steady.

Attaining the 95% (ModIfied AASHO) requirement remains a
serious problem. Great effort is required b~ the contractor to dry
and roll the variable soil encountered,

The compaction results indicate the following (as of 4/21/67):

Total tests taken 10
- - Bange of test results &4% to 101%

Number of tests passing 3
Number of tests failing 7
Number of failing tests improved

after rerolling 3
Moisture content range 18. 3% to 26.6%
Average field moisture content 23. 4%
Average optimum moisture 21. 3%

With a concerted effort , the required densities on the
average can be obtained. -

The filter drain material was delivered and checked for
gradation. The gradation indicates the material falls within the require-
ments and was approved.

The cutoff trench had been partially bacithlled December, 1966
and through the winter m onths was saturated with water. This material
was removed to the rock layer beneath and backfilled with selected soil.

. V—I.

_ _ _ _  
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Progress Report No. 2 Page 2.

Tests indicate lO0~ compaction achieved.

4

The temporary darn was completed during the winter
and appears to be operating very well. ~Voter has been impounded
to the overflow elevation and the overflow pipe is operating as
expected. NC) a~Ivcrse effects were observed.

.‘M M A  R Y

1~~~ress on the main dam is proceeding slowly.
-

• Complying with compactton requirements remains a problem.
The Contractor will have to take extra care to insure the material
being rolled has a low enough moisture content to achieve specified
compaction, LhuE assuring a satisfactory end result.

•
~~

•
~~(),~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

bonald W. Wikan
DWW :fb
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March 21, 1968 ~~~~U(”(N0 cWCA0O ..

).fr~. Wesley T. Butler - -

Vlrginlo,Wildlj f. ubs, Inc.
United S~uits& Land , Inc. -

P.O. Box 63f’~ .~~ J. K \TN 3
Springfield , Vfrglnla 22150

- - Subject Lake—of —the—Woâds -

Dear Mr. Butler~ 
-

On March 6 1968 a final Inspection of the darn,
spiliway and appurtement work was made by me and Earl Turner,
our engineer — Inspector for the above project. We were ac-
companied by Mr. Jack Schaul of your organization and Mr. Bill
Can~ eU of Shoosmlth Brothers.

We are pleased to report that the construction work
is substantially completed In accordance with the plans arid
specIfications except the fine grading, seeding and fertilizing
In the spiliway area beyond th. chute and stilling basIn walls,
and in the vicinity of th plunge pool. This work should be com-
pleted soon aft.r th. backfill adjacent to the chute walls has sub-
sided and been r.—graded, and th. weather permits.

We er. preparing a set of as—built drawin gs and a
tabulation of final quant ities for th. project , and hope to have 

-

this Information In yaw fl~nds In about a week.

-S
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Mr. Wesley T. Butler...Mar: 21, 1968...RLL..2 - - 

- 
- - - -: 

-

Th. dam and splitway present an excellent app.arançe,
and we believe that both United States Land and Shoosmith Brothers
can be proud of the fine results.

It has been a pleasur. for our firm to be associated
with you on this project, and we send our best wishes for your
contlnuad success.

Very truly yours,

F 
- Chief Engineer

RU~:db

cc: Mr. 7. S. Xeatln5
Mr. Jack Tord V’

)4*’r”~1ack Schaul
Mr. Gay Jones
Shoosmith Bros. ,, Inc.

I
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Projsct No. 69—181

• BOISE CASCADE PROPERTIES , INC.
• QIICAGO , ILLINOIS

ij

LETTER REPORT
INSPECTION OF DAN AND RESERVOIR

LAKE OP THE WOODS
ORANGE COUNT!, VIRGINIA

rtl

E. D’ APPOLONIA
CONSULTING ENGINEERS, INC.

PITTSBU RGH , PENNSYLVANIA

OCTOBER 1969
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E. O’AP POLON IA

- 
COPiSV~TI$G CMO4NCt~ $. INC

- October 27 , 1969 -

IS OUFV ROA D ?C~~ PKONC
P,rtSsuQOM .PA. sa3$ - ~ssa) ama -leo,

• 

- 
Project No. 69—181

Mr . John Mar~osian - -

Boise Cascade Properties, Inc.
• Lake of the Woods -

P. 0. Box 128
Springfield, Virgin.ta 22401

- - . Inspection of Dam and Reservoir
• - 

Lake of the Woods
Orange County , Virginia . 

-

Dear Mr. Margosian:

Enclosed are two copies of our letter report discussing the
F results of our inspection of the dam and reservoir at the Lake of the Woods

project. We were initially requested to review the performance of the
reservoir with respect to filling. However , as I have indicated in tele-
phone conversations, certain other conditions at the site deserve discussion.
Therefore, in addition to the section on filling, our letter report discusses
other adverse conditions along with recommen4ations concerning remedial and -

preventive measures.

• As requested, we are preparing a single invoice reflecting all
of our costs on this project. The two previous , partial invoices should be —

ignored when the total invoice is submitted. I will include a description
of the various cost items for your inf ormation . -

Please feel free to call pertaining to any of the subjects dis—
cussed in the report.

Very truly yours , -

L t). ~~~~~~~~~~~~~~~~~~

Richard D. Ellison

RDE:pao : 
-

Enclosures 
-

cc: Mr. 3. W. Ford (2)

V-6
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£. D’AP POLON IA
- CONSWTING CNGINCCRS.INC.

October 25, 1969
IS Our? ROAD - 

TCLCPWONC

P1 tT SI UR G M. PA. $531 - (met) ama•s’ot

• Project No. 69—181

Mr. John Margosian
Boise Cascade Properties , Inc.
Lake of the Woods
P. O. Box 128
Springfield, Virginia 22401

I
~t Letter Report

Inspection of Dam and Reservoir
Lake of the Woods

Orange County 1 Virginia

Dear Mr. Margosian:

Pursuant to Mr. 3. W. Ford ’s authorization in June, 1969 , we
conducted a visual inspection of the dam and reservoir at the subject

• site. Pertinent design and as—built drawings prepared by Bauer Engin—
eering Company were also examined . Initially , the purpose of the examin—
ation was to assess the behavior of the dam and reservoir to date with
respect to its filling rate and to make appropriate comments and observa-
tions. tfowever , during the anove examination and as sthsequently discussed
with Mr. Ford , additional conditions related to the condition of the darn
and reservoir were noticed for wi~ich recommendations concerning remedial
and preventive measures are also reported herein .

Description of Darn

The dam has a maximum height of a1~~st 60 feet above the bed of
Flat Run. It is of homogenous section except for the drainage system
beneath the downstream portion of the embankment. The material in the darn
was borrowed from the reservoir area immediately upstream of the darn.
Examination of soils in the area indicates that this material contains an
appreciable quantity of silt—sized particles and that its permeability when
compacted is relatively low.

The downstream sub—embankment drainage system consists of a lateral
filter, parallel to the dam axis, with embedded pipe draining from both sides• towards the old bed of Flat Run . The system then runs along the creek bed and
discharges at the toe of the dan. There is no indication that it is not
functioning properly.

V-8 
-

- Cerrora~e Offr-.~ 1177 MCCULLV OA IVC. PI rISOURGH . PA.1523$
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Mr. John Margosian — 2 — October 25 , 1969

The lateral drain , which is located immediately downstream of
th. axis of the darn , is augmented by “fingers” of filter material running
transverse to the axis of the dam and presumably draining towards the toe.
Th. downstream ends of these drains have apparently been covered with topsoil.

Th. performance of these finger drains is not known. A narrow
strip of wet soil , as discussed below, exists j ust downstream of the toe of
the darn. This would seem to indicate that at least some of the drains are
functioning properly. However, as will, be discussed, this wet zone could have
a different origin. -

Two important changes were made to the embankment design during
construction of the darn. First , impervious blankets were provided in two parts
of the borrow areas . They were apparently in response to the porous nature of
the bedrock. Second , the 3:1 design slopes were changed to 3.5:1 downstream
and 4:1 upstream. The reasons for the slope changes are not known.

Asother change made during construction was to provide a continuous
filter system under the spilivay chute. The water collected in this filter
discharges through two pipes into the stilling basin. The pipes are presently
discharging water which would indicate that the drainage sys tem under the chute
is operating. -

The as—built drawings show an abandoned mine shaf t just  upstream of the
the spiilway channel . The shaft is presently under water . No details concern-
ing the extent of the mine are available.

A 6—inch pipe has been installed through the embankment adjacen t
to the right abutment. The pipe is close to the crest of the darn and serves
no apparent purpose.

Performance of the Darn

The reservoir is presently being filled for the first t ime, and
two seepage zones have appeared downstream of the darn. The approximate extent
of the seepage zones as of August 17, 1969 is sketched in Drawing ~o. 69—l8l—~~.
At that time, the reservoir was 4.75 feet below design elevation. (We under-
stand that the lake level rose an additiolal 1.0 to 1.5 feet during the heavy
rains associated with Hurrican Camille during the week of August 17, 1969) No
correlation between the height of the reservoir and the seepage phenomena is
available.

One seepage zone, (A) *, is entirely in cut downstream of the spillway
stilling basin. Because of the proximity of the drainage blanket under the
api],lway chute, it would appear that the seepage zone may be fed from deeper
within the underlying rock. - 

-

*Lette rg designated as ( ) correspond to similarly dosignated areas on
Dwg. 69—181—El . -

V-9 
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Mr. John Margosian — 3— October 25, 1969

The other seepage zone, (B), is in undisturbed ground downstream
of the right abutment. This zone has extended into the darn embankment along
a distance of approximately 100 feet. The maximum instrusion up the embank—
ment is about 8 feet measured vertically.

A portion of Seepage Zone (B) is located over one of the finger 
•

drains described above. The downstream end of the drain was not located in
the field because it apparently was covered during dressing of the slope.
If the finger drain were functioning properly it would be expected to yield
some water flow. -

Part of Seepage Zone (B) runs in a narrow strip parallel to the
toe of the dam. It may be that this “wet” strip is caused by discharge from
the finger drains and not from seepage through the foundation of the darn.
The other portion of the seepage zone undoubtedly is affected by seepage
f rom the reservoir through the bedrock since it is di rectly across the creek
bed paralleling the toe of the darn. It is difficult to judge whether the
source of this seepage is primarily from groundwater flow out of the knoll -

to the west or if it is primarily due to increased groundwater pressure
resulting from the partially filled reservoir. Records of the preconstruc—
tion condition of this area would be valuable in determining the source of
this seepage.

Several surface erosional features have appeared on and around the
darn. Shallow gullies, (C), have developed on the entire lower portion of the
downstream slope; along the toe of the dam on the north side of the discharge
basin for the under drain discharge pipes (1)); and north of and generally
parallel to the excavation for the spiilvay discharge channel, (E).

The water in the reservoir immediately adjacent to the riprap on
the upstream slope of the darn is reddish in color. This indicates that a
certain amount of erosion is taking place. Since the reservoir at time of
observation was 4.75 feet below design elevation, it is not known whether
the erosion is taking place below the riprap or through the lower portion
of the riprap.

Erosion, due to rainfall runoff, is present at the portion
of the spiilway approach channel not pro tected with riprap, (G). Additional,
erosion should be expected when the water level rises and continual flow
occurs through the channel.

Performance of the Reservoir

Filling of the reservoir commenced in 1967. The water level on
August 17, 1969 was 4.75 feet below the design elevation. Because the time
of filling thus far is still in the range of the estimates made by Sauer

• Engineering Company (35 months) and E. D’Appolonia Consulting EngIneers, Inc.
(23 months), conclusions regarding the rate of filling cannot be made at this

H time. However, it is somewhat disturbing that it has been reported that the
reservoir rose onl y about six inches dur ing July, 1969 , while the local rainfall
was about twice that amount. The rate of filling should be observed, Th

L 
_
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relation to rainfall, through the spring of 1970 prior to evaluating the
time which will be required to fill the remainder of the lake.

An analysis of the flow into the reservoir was conducted on
August 16 and 17, 1969. The flow into the lake was measured at each stream
entering the Lake at the locations shown on Dvg. 69—181—E2. The total inflow
at the time of measuring was about 1.5 gallon per second. The total surface
flow out of the reservoir was determined by measuring the flow in the discharge
channel downstream from the dam. This flow was corrected to account for flow
in the 36 inch diameter culvert located down~:rearn from the south abutment as
shown on Dwg. 69—l8l E2 . This analysis indicated that the reservoir on that
date was filling at the rate of about 0.2 gallons per second; neglecting sub-
surface inflow and outflow which cannot be measured. (Details of the analysis
are presented in Appendix A). This amount of inflow would have a negligible
effect on the lake level.

It should also be noted that due to the relatively large size of the
lake, the measured amount of surface leakage will not seriously effect the lake
level once it has filled to the planned normal pool elevation.

Miscellaneous Observations Pertaining to the Reservoir -

Two less serious problems associated with the reservoir were
observed on August 17, 1969.

First, g ies several feet in depth have been eroded into the
• steep slopes cut into weathered rock to form the bçat jiaa.rJ,~~1 ‘The incompe-

tent nature of the weathered rock and the concentrated flows which occur in
this area make this a progressive condition.

The second concerns erosion of the surficial soils at many of the
tributaries into the lake. In several instances, this erosion has progressed
to the point where the stability of the site roa4~ay may be affected.

Recommendations for Remedial and Preventive Measures 
-

1. Dam and Appurtenances 
-

Both seepage zones downstream of the dam can be expected to increase
in size and rate of discharge as the reservoir rises to design elevation. The
correlation between seepage discharge and reservoir discharge is purely con-
jectural at this time. However, it is entirely possible that the discharge
will increase significantly with the last few feet of head. The present rate
of seepage will not significantly affect the lake level once it has reached
the desi gn no rmal pool elevation and should not be sufficient to pose a threat
to the overall stability of the dam due to piping. However, it is recommended
that size of the seepage zones and the seepage discharge be closely observed
so that large changes will be recognized at an early date. Also, that portion

- 
V—li

_ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _  -• - - - ~~ -



-- 

T 

• 
~~~~~~

‘ -  
~~

- - --~w--~~-’ - -~. , ~~~~~ _-  -- • --. -

• 

~~~~~~~~~~~~~~~~~~ ~~~~~~•_

£. D’APPOLON IA
CON$ULT)NG . CNGINC tRS. INC.

Mr. John Hargosian — 5 — October 25, 1969

of the darn toe included in seepage zone (B) should be inspected regularly ..
~~~~

for evidence of piping or local shear failure.

As soon as possible the finger drains entering seepage zone (3) _~~~~-
__ _ -should be located and exposed to provide free flow of water from beneath

this portion of the embankment. The flow from this finger drain as well as
all, other seepage from this zone should be collected into a well defined
channel (F) and diverted to the old stream bed. This channel should be
placed as far from the toe of the dam as possible.

If the condition of the toe of the dam deteriorates to the point
where it poses a threat to stability , an inverted filter should be designed
and placed over the significant portion of the seepage zone. This can be
designed to protect against both piping failure and local shear failure.

~It is not anticipated that seepage in the vicinity of the stillingbasin will pose any threat to stability in the near future. However, it may
be desirable for esthetic purposes - and for prevention of problems with freez—
ing behind the wall to provide drainage facilities behind the retaining walls
of the stilling basin .

The erosion gullies do not at this time present any threat to the
stability of the dam. However, due to the progressive nature of such erosion,
it is prudent that preventive measures be taken as soon as possible. A
shallow berm with paved gutters or half—round terra—cotta pipe gutters should -

be constructed about one—thir~d way up the downstream face of the dam to collect
runoff from the slope. Also, a lined terra—cotta pipe channel should be pro-
vided along the toe of the dam to the north of the discharge bas in in the area
designated as (D) on Dwg. 69—181—El. The shallow erosion gullies , (C) , on the
downstream slope should be filled and seeded. Remedial and preventive work on
the erosional features to the north of the discharge channel can be postponea
indefinitely, but periodic observations should be made for re—evaluation of
thi3 condition. -

The r-iprap in the spillvay approach channel , (G) , should be extended
to the concrete structure to prevent further erosion in this area.

it is not possible at this time to determine whether the erosion of
the dam at the present water line is taking place through the riprap or at a
lower elevation. No remedial work in this area is recommended until the
reservoir level is raised and the behavior of the riprap can be observed further.
Howeve r, if the reservoir is maintained at or near its present level for a con-
siderable period of time, the upstream face of the dam below the riprap should
be inspected by one of our engineers trained in scuba diving.

It is not expected that the pipe through the top of the darn, (H),
will ever carry water. Nevertheless, it should be removed or permanently ~ -

sealed .

V-i 2
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Mr. John Margosian — S — October 25, 1969

I of the dam toe included in seepage zone (B) should be inspected regularly —
~~~~~

_.

for evidence of p iping or local shear failure.
- 

As soon as possible the finger drains entering seepage zone (B) .-_~----_ —

should be located and exposed to provide free flow of water from beneath
this portion of the embankment. The flow from this finger drain as well, as
all other seepage from this zone should be collected into a well defined
channel (F) and diverted to the old stream bed. This channel should be
placed as far from the toe of the dam as possible.

If the condition of the toe of the darn deteriorates to the point
where it poses a threat to stability, an inverted filter should be designed

~~~~~~ 

- 
and placed over the significant portion of the seepage zone. This can be
designed to protect against both piping failure and local shear failure.

I 
It is not anticipated that seepage in the vicinity of the stilling

basin will pose any threat to stability in the near future. However, it may
be desirable for esthetic purposes.and for prevention of problems with freez-
ing behind the wall to provide drainage facilities behind- the retaining walls
of the stilling basin. 

-

The erosion gullies do not at this t ime present any threat to the
~~ stability of the dam. However, due to the progressive nature of such erosion,

it is prudent that preventive measures be taken as soon as possible. A
shallow berm with paved gutters or h~.],f— round terra—cotta pipe gutters should -

~~ be constructed about one—third way up the downstream face of the dam to collect
runoff from the slope. Also , a lined terra— cotta pipe channel should be pro-
vided along the toe of the dam to the north of the discharge basin in the area
designated as (D) on Dvg. 69—181—El. The shallow erosion gullies, (C), on the
downst ream slope should be filled and seeded. Remedial and preventive work on
the erosional features to the north of the discharge channel can be postponed
indefinitely, but periodic observations should be made for re—evaluation of
this condition. -

The riprap in the spillway approach channel , (C) , should be extended
to the concrete structure to prevent further erosion in this area. -

~~~~~~

It is not possible at this time to determine whether the erosion of
the dam at the present water line is taking place through the riprap or at a
lower elevation. No remedial work in this area is recommended until the
reservoir level is raised and the behavior of the rip rap can be observed further.
However , if the reservoir is maintained at or near its present level for a con— 

-

siderable period of time , the upstream face of the dam below the riprap should
be inspected by one of our engineers trained in scuba diving.

It is not expected that the pipe through the top of the dam, (H),
will ever carry water. Never theless, it should be removed or permanently ~~~ -

sealed.
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2. Reservoir filling~

While concern over the slow filling rate of the reservoir is well

founded, “filling time” calculations indicate that additional, time should
be allowed before concluding that the lake will not reach its normal pool

elevation without expensive remedial or artificial filling measures. A

rat ional decision on whether to implement such plans could be made after
correlation of reservoir level , local rainfall data and seepage data this
winte r and spring (1969 — 1970) . The presen t magnitude of sur f ace seepage
will not have a significant effect upon maintaining a relatively constant
lake level.

3. Reservoir (Miscellaneousi

Rip rap protection should be provided at the road culverts for any
tributaries where the erosion uiay cause costly disturbance to the roadway
or culvert.%

Finally, the cut slopes at the marina should be made flatter
and/or a paved gutter should be provided along the tup of the slope to

retard the progressive erosion which is presently occurring. Also, riprap — --- --‘

should be provided at the toe of the slope to eliminate erosion due to
wave action which will occur when the lake level has reached its normal
pool elevation.

Data Required

- Additional information which will be required prior to conducting
a more detailed study and prior to undertaking the recommended preventive
and remedial measures include geologic reports prior to construction , geo—
logic data obtained during construction, engineering properties of embankment
material, and details of the mine shaft at the north abutment. Also, plans - 

-

showing the location of roads and utilities are required for locating these -

facilities in the construction area. -
~

Respectfully submitted,

Richard D, Ellison

Attachments

RDE :db
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E D’AP POL.ONIA
- CON$U~TING CNOINICRS. INC.

- Lake of the Woods
Summary of Measured Flows

August 16 and 17 1969

j  

I:- Surface inflows (see Dwg. 69—l8l—E2 for Tributary Locations)

Tributary Measured Flow in
Numbe r Rema rks - gallons/second

1A dry

13 dry

ic Erosion has occurred to a depth of two feet. 0.10
Some groundwater seepage is noticeable.

1D Very little flow from flat swamp area. TSTM*

2 30” $ culvert with considerable erosion at TSTM -

its outlet.

3 Kaolinite weathered gneiss. TSTh

4 30” $ culvert with considerable erosion in
weathered rock at the road embankment.

5A 18” $ culvert !. - dry

Xaolinite weathered grey granite — gneiss. 0. 05

6 - Very weathered schists. 
- 

0.05

7 42” $ culvert. 0.10

8A - - dry

83 , 
dry

9A - 
- 

- 
dry

9B TSTM

*TSTM — Too small to measure .
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2.

Tributary - Measured Flow in
Number Remarks gallons/second

10* TSTM

103 Some erosion has occurred in the 0.15
weathered rock.

11 Erosion has occurred to a depth- of 4 to 0.15
5 feet.

‘ 
- 12 TSTM

13 0.05

14 0.50

15* dry

153 dry -

1SC dry

15D dry

16 i 0.05

17 - ‘
- TSTN -

18 Erosion has occurred to a depth of 4 feet. - 0.05

1 9 -  - 
.

20 - 
Some ground water seepage noticeable. 

- 

TSTM

• 21 Erosion has occurred to a depth of 1.5 feet. dry
Some ground water seepage is noticeable.

22 - - 
- 

dry

23A Erosion is occurring in the weathered rock TSTM
- 

- 

- 
- Some ground water seepage is noticeable

23B Erosion has occurred to a depth of 3 feet. TSTM
Some ground water seepage is noticeable.

24 36” $ culvert. TSTM

V—17 
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Tributary
Number Remarks

Tributary 
Measured flow in

Number Rernarict 
- 

~~al1onsFsecond -

25 
dry

26 
- 

Very littl e erosion dry

27 Erosi on has occurred to a depth of 2 feet TSTM

28* 
- dry

- ~

— 

- 

281 
dry

Suum*arv of Inflow 
-

T~ibut a~ie5 1 to 283 1.20 gallon/second

+ 14 x TSTM 0.30 gallonlsecond

- - Total sur f ace inflow 1.50 gallon/second

II: Surface outflow
4

Flow at the local road do~1nstVeam
at the ou tflow channel - 1.5 gallon/second

F Plow through culvert $ 36” at
south abutment — ~~~~~~, gallon/second

Total surface outflow 1.30 gallon/second

III: Net surface inflow — 1.50 — 1.30 — 0.20 gallon/second.

- 
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1312) S~~I .O2I Q - - August 27 , 1970 - IMICS CNG CHIC& GO

Mr. - Dominic DiOrto -

Eastern Region Operations Manager
- Boise Cascade Corporation

10400 W. Higgins Road
- - Rosemont , Illinois 60618

- 
- Re: Inspection Report Dam at Lake -

- of the Woods 198. 001

Dear Mi. DiOrio: - -

A thorough inspection of the main dam at Lake of the Woods,
Virginia was made August 17, 1970 at your request. In general , the

- dam appeared to be in excellent condition.

The enclosed check list was used and appropriate comments
. made. 

- I
Please Note the following corrective actions are indicated

- 

F 

- - ‘as being necessary: - -

1. TOP O F  DAM -

- 
- - 

‘ The top of the darn appears to ~e irregular and rutted . A
’

— 
- profile should be made along the center~line of the dam to determine

: if the dam Is at the designed grade . S1nce -no bench marks may be
available, I suggest the elevation of tL~ spiliway crest be used as

F - elevation 317.5. The dam then should have an elevation no lower
than 325 or 7. 5.feet above the spiliway crest. If it is found that

- the elevation of the top of dam is lower than elevation 325 material,
either clay or well graded crushed rock , should be added. If clay
Is used the existing surface should be scarified and the new material

• rolled with a sheepsfoot in layers not exceeding 8 inches thick.
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Mr. Dominic DiOrio - - 
Page 2

If the elevation is found to be higher than 325, the top
should be scarified and reshaped with a blade in order to obtain
a uniform section which will drain (preferably into the lake) and
which has no ruts . -

2. ABUTMENTS

Generally the abutments are in excellent condition . No
seepage was noted where the fill contacts the original ground .
However, some erosion was noticed at the downstream slbpe of

- - the north abutment. The grade is steep and a grass cover from

seed will be difficult to grow. Sod is suggested here in order to
stop further deterioration. -

3. DOWNSTREAM SLOPE - 

- - 
-

This also appears to be in good condition. No adverse
seepage is evident. One filter drain is flowing slowly, but this
is normal and will cause no trouble. Some erosion was noticed.

The downstream slope should be repaired and seeded such that a
good stand of grass checks further erosion. Regular mowing should
be done in order to prevent trees from growing .

- 

A wrench should be provided for the outlet valve.

4. DOWNSTREAM FROM TOE - 
- 

.

No problems noted. . 
-

5. SPILLWAY 
-

Generally the spillway is in excellent condition. tome
small hairline cracks were noted. These are , simply shrinkage and
in no way will impair the performance of the concrete. In time

(2 or 3 years) these cracks may become larger. At that time they
could require cleaning , widening and filling with a sealant. I
suggest using “Sika Colma Joint Sealer - NS” in accordance with

Manufa cturer’s Instructions.

4

- - 
-
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Mr. Dominfc DiOrio - 

- 
Page 3

.

- - This dam apPears to be In excellent condition and is safe .

I hope this report serves your needs. If I can be of any
more service please let me know.

Yoj .irs very truly ,
. - 

-. 

-

- 

- . 

• 
- D. W. Wikan P~~. •~~~~~‘!.- .

‘
. 

- .

DWW mb Chief Engineer .
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I • W J. Bauer
- - U President 
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DA~ S, SPILLWM’S ~ ND L~i~~~ +S

Situated within the conf~r.~s of the Lake of the Woods

development, are two lakes, one approximately 500 acres and the other 25 acres .

The larger one is intended for water skiing, sailboating, swin ing and other

recreational purposes , wnereas the smaller lake is mainly for fishing. The

large lake was reviewed in two basic areas , lake portion and spillway and dam

portion with the following appropriate cosments :

Lake

One of the main concerns of the lake was the possibility of +
silt deposits. In order to evaluate this situation, fathoineter readings were

taken and recorded • See attached schedule and location map at the end of this

section. Certain discrepancies were found between the readings taken and the

- 
topographical data that was made available. It is believed that this could be

accountable to the fact that the topographical information was not “as—built” ,

that + is, up-dated after construction of the facility was completed .

The readings taken do not show an appreciable difference , or

unexplainable difference between the topographical information and the soundings

taken but it must be borne in mind that the readings were taken on just one

occasion , and as such , it is difficult to compare them with the information that

was made available. Although a significant difference is not shown , these same

readings should be taken on a periodic basis to insure that the build—up of silt

is not occurring. It is interesting to note that of the twelve point samples

taken, those in the finger areas where silting would seem to be occurring , such

as in the vicinity of Tidewater Street , the difference between the topo and the

- soundings is negligible.
.
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In certain areas of the shoreline , some of the lot owners

have attempted to protect their banks by placing rip-rap. Normal water level
-, S

being elevation 317.5 , this rip—rap snould be laid two feet above and below

this level to assure sufficient coverage during anticipated variance. The

- sections covered in this manner noticeably prevented shortly , the effects of

erosion of the property compared to the adjoining lots have none • The wave ac-
-- tion f~~~ both the prevailing winds and the passage of speedboats will aecces-

øitate this or some other similar method be undertaken by all, owners of water-

front lots . M the majority of this work could be done by a barge working from

- the lake , it would be an economic advantage to the owners to employ one con-

tractor to do the entire undertaking.

- Spillway ~~~~

The major evaluation of this section was accomplished by

r eviewing the drawings prepared by the Bauer Engineering Company , and the files

available at the office of the Attorney, Mr. Moore , in Orange County . The files

-
~~ included such items as design criteria and calculations ; correspondence among

the deisgn engineer and the engineering firm employed to review their work , the

developer and the contractor who performed the work ; and daily time sheets of
-. the inspsctor who was present during construction .

The files indicate that there were minor differences of

opinion b.tws.n the two engineering firms , but no significant differences con-

csrning final plans on all major items. Our review of the plans indicate that

- all is according to sound engineering principals , axid was executed in a profess-

ional manner . In calculation of a flood routing for a 100 year storm , the
4-

differ.nce between their figure (320.0) and ours (319.5) was six inches . This

is a relatively insignificant difference, and the discrepancies could be
S

- attributed to the method selected .
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The crick ~n the spii.lway -~-‘al1 adjac ent to the gate structure

was inspected and it is reasonable to assume that it was caused by a temperature

change. Over a period of time the entr an~~ c~. water will cause freezing and

thawing problems along with deteriorat.iQn to the reinforcing steel. With this
S

in mind, this crack will eventually have to be repaired .

The concrete walls of the spillway show practically no signs

of wear. The spillway itself is spalling in some areas , but compared to the

thickness of the concrete , it is of little consequence. Possibly after several

years a thin coating of new concrete should be applied. This is frequently done

with concrete structures and will restore the spillway to a new appearance after

it has been exposed to the elements for many years .

The seeding of the bank of the darn was at one time somewhat

of a problem to the maintenance people. With the advice and aid from the Soil

Conservation Service, the crews are now conditioning the soil with lime and

adding fertilization with noticeably good results. Assuming this plan is

followed on a regular basis , adequate vegetation will remain on the banks.

On the down stream side of the darn there is a certain amount

of moisture constantly present in two locations . One is located to the west of

the outlet valve and the other is to the east of the bottom of the spillway.

Although no soil borings were taken of the area • it was felt that both problems

axe attributable to the impermeability of the soil at these locations and not a

fault of the dam. By providing drainage ditches or conduits the water can

easily be directed to the water discharging from the outlet valve and the spill-

way.

On two separate occasions • samples were collected from the

two lakes • The samples were taken directly to our water chemistry laboratory

far analysis . The samples were preserved by refrigeration prior to testing.
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October 21 , 1966

Bauer Eng ineering, Inc .
20 North Wacker Drive
Ch icago. I 1 Ii nol $ 60606

Attention : Mr. W illiam i. Bauer, President - - +
Gen tlemen :

1~ n copies of our “Report of Soils  Exploration , Proposed
Dam- Lake of the Woods Reservoir , Orange County Virginia ” are here—
wi th submitted.

The scope of our soils exploration was planned in coT lab—
oration with Messrs. Wil l iam ,J. Bauer, Robert L. Hall , and D. R. Knouse
of Bauer Engi neering, Inc.

Prel iminary data werç provided to Messrs. Bauer , Ha l l  and
Knouse during the course of the Investi gation.

Yours very trul y,

DAMES & MOORE

H 
-

James B. Thompson
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I
REPORT OF SOILS EXPLORAT ION

PROPOSED DAM-LAKE OF THE WOODS RESERVOIR

ORANGE COUNTY , VIRGINIA -

FOR

BAUER ENG I NEERING , INC.

I NTRO DUCT I ON

This report presents the results of our soils exploration performed

at- the site of the Proposed Dam—Lake of the Woods Reservoir to be constructed

in Orange County, Virginia. The proposed dam will impound the water flowing

in Flat Run Creek and the water derived from the upstream water shed area In

the vicinity of the proposed dam. The proposed dam will be located approxi-

mately one—fifth of a mi le upstream from where Flat Run Creek flows under

Virginia State Highway 3. This is approximatel y I mile southeast of

Fl at Run, Virginia on Virginia State Highway 3.

The field exploratlLns included the drilli n g of 18 test borings

and the excavation of one test pit. The locations of the test borings and

test pit are shown with respect to the proposed dam on Plate 1 , Plo t Pl an.

SCOPE

The scope of our soils exploration were as follows:

I — To explore the subsurface sai l and water conditions

- at the dam site to the depths which will be in—

fluenced by the proposed construction .
- t
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2 - To determ i ne the classification and pertinent

physica l characteristics Includ i ng compaction+ and strength properties of representative

materials encountered within the proposed

borrow area .

GEOLOGY

The site of the Proposed Flat Run Creek Dam Is located in an area

known as the Piedmont Up land Prov i nce. This province is bordered on the

wes t by the Appalachian Mountains and on the east by the Atlantic Coastal

Plain. The typica l landscape is a rolling surface of gentle slopes and

no great ~e1lef. Average relief is approximately 50 to 100 feet.

The rock formations of the Piedmont Up land consist of gne sses ,

schists , slates and other me tamorphic rccks , all of which have been de-

formed by mountain-mak ing movements.

The soils  of this ¶rea are bas i call y resi dual with ss~al1 areas

of recent alluvial depos i ts around major streams . The res i dual soils are

the products of weathering of the generall y strong metamorphic rocks . The

res i dual soil  is qui te thick in some localities and thus sound rock will

usually be at considerable depths. -

+ SURFACE CON!~1T1ONS

The site of the proposed dam is located within a small broad

valley wh i ch contains Flat Run Creek. The flow of Flat R~n Creek is to

the north . The max imum relief In the immediate area is approximately 85

f feet. At the present time , the major i ty of the land around the proposed

dam is wooded.
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SUBSURFACE CONDITIONS
-f

The subsurface conditions encountered at the site are as follows:

1 — Brown si l ty  topsoil

2 — Reddish brown silty clay and clayey silt

3 — Mottled brown and gray sandy s i l t  (decomposed rock)

1
* — High ly weathered rock (gnelss)

Al l  of the soi ls in the area investi gated are basicall y residua l
+ in ori gin except for a few recent alluvial sand and gravel deposi ts along

Flat Run Creek. The thickness of the topsoil varies throughout the site

w ith greater depths be ing found on gentle slopes and flat areas. Underly-

ing this topsoil is a reddish brown silty clay and clayey silt. The thick-

ness of this soil is generally on the order of five feet. In the areas

around Boring X IV and adj acent to Flat Run Creek this soil is absent. This

absence is probably due to the erosional affect of Flat Run Creek. Under-

lying this stratum there is a layer of mottled brown and gray sandy silt

(decomposed rock). The strJture of the rock from which this residua l

s-oil has fo rmed can s t i l l  be seen in undisturbed samples obtained from this

stratum. Below the mottled brown and gray sandy s i l t  (decomposed rock)

weathered gneiss Is encountered. To assist you in visualizing the subsur-

face conditions encountered at the site of the proposed dam, graphica l

illustrati ons are presented on Plates 2A and 2B, Subsurface Sections.
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The following Plates and Appendix are attached cr4 complete this

report:

Plate I — Plot Plan

Plate 2A - Subsurface Section A-A

Plate 2B — Subsurface Section B—B

Appendix - Explorations And Laboratory Tests

+ Respectfully submitted ,

- DAMES & MOORE

es B. Thompson
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APPENDIX

EXPLORATIONS AND LABORATORY TESTS

EXPLORATIONS:

The subsurface conditions at the site of the proposed dam were in-

vestigated by dr illing 18 test borings , which ranged In depth from approx —

mately ii to 56 feet below the existing ground surface, ut iliz ing truck mounted

rotary wash and rotary auger drilling equipment. One test pit was also exca—

vated in the proposed borrow area of the proposed dam in order to visually In—

spect the subsurface soils to be used as borrow and to obtain a bulk sample

for l aboratory tests.

~The drilling and test pit operations were supervised by one of our

field engineers, who maintained a log of the borings and test pit and obtained

undisturbed samples of soils and rock encountered in the borings. Graph ical

representation of the soils encountered In the borings and the test pit are

shown on Plate A- lA through A— 1F. The method utilized In classify ing the

1 soils is defined on Plate A—21, Unified Soil Classification System. Undisturbed

samples of the soils penetrated by the borings were obta ined in a soil sampler

of the type Illustrated on Plate A—3, Soil Sampler Type U. The rock was cored

utilizing double tube core barrels and diamond bits . The boring locations

were obtained in the field by representatives from the Prince William

Engineering Co. The elevations of the borings were obtained from a topo-

graphic map of the area provided by Bauer Engineer ing, Inc. The ground sur—

face elevation Is presented above the log of each boring and these elevations

refer to the U.S.G.S. Datum. Water levels recorded In the borings during

our field investi gation are presented on the Log of Borings .
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LABORATORY TESTS:

Laboratory tests were performed on bulk samples of proposed borrow

soil excavated from the test pit. The laboratory tests consisted of identi—

fication tests, compaction tests and strength tests.

Identification Tests - The Atterberg Limits and particle size dis—
• tributlon of the bulk samples of soi l were determIned to assist In the

I dentification of the soil.

Atterberg Limits — The Atterberg Limits , consisting of the liquid

l imit , plastic limit , and plasticity Index, were determined to facilitate the

classification of the soil according to the Unlf~ed Soil Classification

System. The method of performi ng the Atterberg Limits may be found In most

standard S1oil Mechanics texts. Briefl y, the li quid limit of a soil is that

moisture content at which the soil Is practically liqu id but presumably

possesses the smallest shearing strength which may be measured by a stan—
- . 

dardized procedure. The plastic l imit of a soi l is the lowest moisture

content of which a soil is plpstic. The plasticity Index is a measure of

the plastic properties of soils and is defined as the range In moisture

content between the plastic and liquid limits.

The Atterberg Limits are tabulated below:

A~TERBERG LIMITS

LIQUID PLASTIC
TEST PIT AND LI MIT LIMIT PLASTICITY UNIFIED SOIL
DEPTH IN FEET PERCENT* PERCENT* INDEX CLASSIFICATION

TP-l @ 2~ to 3~ 39 2~ 15 MI-CL

* Moisture content expressed as percent of the dry weight.
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Particle Size Distribution - Determ I nation of the particle size

F distribution of the proposed borrow soil obta i ned from the test pit was

made to facilitate the classification of the soil and to aid In the desi gn

of the proposed dam. The particle size distribut ion curves are shown on

Plate A—6.

Compaction Tests - A compaction test was performed on the bulk

sample of proposed borrow soi l to determ i ne the relationship between moisture

content and dry dens i ty under controlled conditions and to establish criteria

for the placement and compaction of the soil in the construction of the pro-

poied dam. The compaction test was performed In accordance with the AASHO*

Compaction Test Designation 1 180—57 which Is described on Plate A—4, Method

of Performing Compaction Tests. The results of the compaction test are pre-

sented on Plate A—7, Compaction Test Data.

• Strength Tests — Direct shear tests were performed on compacted

samples of the proposed borrow soi l obtained from the test pit In the manner

described on Plate A—5, Metho~I of Performing Direct Shear and Friction Tests.

Stress—strain curves were plotted for each strength test.

Six samples were compacted a little on the dry side of optimum

• moisture content to 90 percent maximum dry density and six samples were corn—

pacted a little on the dry side of optimum moisture content to 95 percent of

maximum dry densi ty. Direct shear tests were then performed, under d i f f erent
• normal pressures , on half of the samples compacted to 90 percent of maximum

dry density and half of the samples compacted to 95 percent of maximum dry

- dens i ty. The remaining samples were submerged under water and various sur-

charge pressures for five days prior to direct shear testing. Direct sh.ar

* American Association of State Highway Officials
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tests were also run on other samples that were compacted wet of optimum to

~~ and 88 percent of maximum dry density. The results of these tests are

plotted on Plate A-8, Direct Shear Test Results on Compacted Samples.

-—oOo——

The fol lowing Plates are attached and complete this  Appendix:

Plate A- IA — Log of Borings (Borings 1 , I I , I I I  and iv)

• Plate A—lB — Log of Borings (Borings V, VI , and v ii)

Plate A-IC — Log of Borings (Borings V III and Ix)

Pl ate A—ID — Log of Borings (Borings X, XI and xii )

Plate A—IE - Log of Borings (Borings X lii , X I V  XV and Xvi)

1Plate A— 1F - Log of Borings and Test Pit (Borings XVII and

XV III and Test Pit I)

Plate A—2 - Unified Soil Classification System

Plate A-3 - Soil Sampler Type U

Plate A—4 — Meth1d of Performi ng Compaction Tests

• Plate A—5 — Method of Performing Direc t Shear and Fric tion

• Tests

Plate A—6 — Particle Size Distribution

Plate A—7 — Compaction Test Data

Plate A—8 — Direct Shear Test Results on Compacted Samples
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M ETHOD ~~~ PERFORM iNG CoMPA cTIoN TESTS
0 

(STANDARD AND MODIF IED A.A.S.H .O. METHODS)

IT HAS BEEN ESTABL ISHED THAT
WHEN COMPACTING EFFORT IS HELD
CONSTANT, THE DENSITY OF A
ROLLED EARTH FILL. INCREASES
R’I TH ADDED MOISTURE UNTIL A -

MAX IMUM DRY DENSITY IS OBTAINED - -
AT A MOISTUR E CONTENT TERMED 

-• THE “OPTIMUM MO I STURE CON-
TENT, ’ AFTER WHICH THE DRY 

-

• 
0 DENSITY DECREASES . THE COM- l

PACTION CURVE SHOWING THE RE- •
- . LATIONSHIP BETWEEN DENSITY AND
• MOISTURE CONTENT FOR A SPECIFIC -

COMPACT ING EFFORT IS DETER-
MINED BY EXPERIMENTA L METHODS.
TWO COMMONLY IIS ED METHODS ARE
DESCRIBED IN THE FOLLO W ING
PARAGRAPHS.

FOR THE “STANDAR D A.AS.H.O.”
(A.S.T.M. D698-58T & A.A .S.H.O.
T99-57) METHOD OF COMPACTION A
PORTION OF THE SOIL SAMPLE
PASSING THE NO. 4 SIEVE IS COM- -

PACTED AT A SPECIFIC MOISTURE -

CONTENT IN TH REE EQUAL LAYERS 0 -

LINDER HAVING A VOLUME OP 1/3(1 
S~4E A PPARATUS FOR PERFORM I NG COMPACTION TESTS

Shows , f ro, left to righ t, 5—1/2 pound rammer (sleeve
CUBIC F OOT , USING TWE NTY-FIVE cont ro l l ing  12’ heigh t of dro p removed) , 1 /30 cubic-
12-INCHBL OW S OF A STANDARD 5.1/2 foot cyl inder  wi th removable coflar and base plate ,
POUND RAMME R TO COMPA CT EACH and 10 pound ra mmer w i t h i n  sleeve.
LAYER.

IN THE “MODI FIED A.AS.H.O.” (AS.T.M . D-1557-58T & A.A.S.H.O . T 180-57) METHOD OP COMPA cTiON - -

A PORTION OF THE SOI L SAMP LE PASSING THE NO. 4 SIEVE IS COMPACTED AT A-SPECIFIC MOISTURE
CONTENT IN FIVE EQUAL LAYERS IN A STANDARD COMPACTION CYLINDER HAVING A VOLUME OF

• 1/30 CUBIC FOOT , USING TWENTY-FIVE 18-INCH BLOW S OF A 10-POUND RAMMER TO COMPACT EACH
• 0 LAYER. SEVERAL VARIATIONS OF THESE COMPACTION TESTING METHODS ARE OFTEN USED AND

THESE ARE DESCRIBED IN A.A.S.H.O. & A.S.T.M. SPEC IFICATIONS. 
0

• FOR BOTH METHODS , THE WET DENSITY OF THE COMPA CT ED SAMPLE IS DETERMINED BY WEIGHING
THE ICNOWN VOLUME OF SOIL; THE MOISTURE CONTE NT , BY MEASURING THE LOSS OF WEIGHT OF A
PORTION OF THE SAMPLE WHEN OVEN DRIED; AND THE DRY DENSITY , BY COMPUTING IT FROM THE

~ZE T DENS ITY AND MOISTURE CONTENT. A SERIES OF SUC H cOMPAC TI ONS IS PERFORMED AT IN-
CREASING MOISTURE CONTENTS UNTIL A SUFFICIEN T NUMBER OF POINTS DEFINING TH E MOIS TL’R E.
DENSITY RELATIONSHIP HAVE BEEN OBTAINED TO PER MIT THE PLOTTING OF THE COMPACTION
CURVE. THE MA XLMUM DRY DENSITY AND OPT IMUM MO ISTURE CONT EN T FOR THE PAR TICUL A R CON-
PAcTING EFFORT ARE DETERMINED FROM THE COMPACTIO N CURVE.
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METHOD OF PERFORMIN G DIRECT SHEAR AND FRICTION TESTS

P

I DIRE CT SHEAR TESTS ARE PERFORMED TO DETERMINE

• THE SHE ARING STRENGTHS OF SOiLS. FRICTION TESTS -

1*1
ARE PER FORMED TO DETERMINE THE FRICTIONAL RE-

- SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE- - /
RIALS SUCH AS WOOD, STEEL, OR CONCRETE . THE TESTS 

- 0 -

. -

- ARE PERFORME D IN ThE LABORATORY TO SIMULATE 
• t ~9- -

ANTICIPATED FIELD CONDITIONS . •

EACH SAMPLE IS TESTE D WITHIN THREE BRASS RINGS,

- 

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH

iN LENGTH. UNDISTURBED SAMPLES OF IN-PLACE SOILS

ARE TESTED IN RiNGS TAKEN FROM ThE SAMPLING 
-

DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES OF SOILS TO BE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTE D IN RINGS TO PREDETERM INED CONDITIONS AND TESTED.

• DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES-

SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WHICH THE TEST IS BEING PER-

FORMED, IS APPLIED NORMA L TO ThE ENDS OF THE SAMPLE TH ROUGH POROUS STONES. A SHEARIN G
• I FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR
• -

TO THE AXIS OF THE SAMPLE. TRANSVERSE MOVEMENT OP THE OUTER RINGS IS PREVENTED.
IS.

- THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER -A

CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE-
• 

FLECTICN. IN EACH CASE, THE SHEARING LOAD AND THE DEPLECTIONS IN B?TH THE AXIAL AND

TRANSVERSE DIRE CIIONS ARE RECORDED AND PLO17ED. THE SH EARING STRENGTH OF THE SOIL
- - -

IS DETERMINED FR OM THE RESULTING LOAD-DEFLECTION CUR VES.

• FRICTI~N T E SrS 

-

IN ORDER TO DETERMIN E THE FRICTI ONAL R ESISTANCE BETWEEN SOIL AND THE SURFACESOF VARIOUS
lii

MATE RIALS, THE CENTER PiNG OF SOIL IN THE DIRECT SHEA R TEST IS REPLACED BY A DISK OF ThE

MATERI AL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME -tANNER AS THE DiRECT

SHEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL. SURFACES.

P
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SAMPLE NO. I DEPTH . L~._ ELEVATION .6L.
- SOIL REDDISH-BROWN SILTY CLAY WITH TRAC E OF SAND

LOCATION TEST PIT I
- 

OPTIMUM MOISTURE CONTENT 13.0%
MAXIMUM DRY DENSITY 116 LBS /CU. FT.

4 J 0 
METHOD OF COMPACTION A.A.S.H.0 T t8O-57(METHOD A~

0 MOISTURE CONTENT IN % OF DRY WEiGHT
5 10 15 20 2 5 .

- 
0
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- 4000

95% MAX I MUM DRY DEI~S$TY
13% OPTI MIM MO I STURE CONTENT
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DIRECT SHEAR TEST RESULTS
ON COMPACTED SAMPLES
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Bayer Engin..ring, Inc.
20 North W.ck.r DrIv
ChIcago, Illinois 60606

• Att.ntion: Mr. Wil liam J. Bayer, Pr.sld.nt

- Gsntlamsn: 0 -

0 ( 
0 Report-Results of the Field Explorations and

• Laboratory Testing
- 0 Proposed Darn - Lake of the Woods Reserve I r

Orang. County, Virginia
For Bayer Enalnssrlna. Inc.

INTROOUCTION AND SCOPE

This report presents th. results of our field explorations
and laboratory testing performsd In connection with the Proposed Darn —

Labs of the Woods Reservoir which is being constructed In
Orange County. Virginia.

The scope of our field explorations and laboratory tasting
was plannsd in collaboration with Messrs. Robert L. Hall and
Donald W ikan of Batter Engineering, Inc., Messrs. Gay D. Jones and
Jack W. Burke of Howard, N..d1.~, Tasaten & B.rg.ndoff, and

- pisssrs. John S. I(.ating and Robert L. Beans of United States Land, Inc.
- at a meet ing held on May 10, 1967.
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Batter Engineering, Inc.
Jvne 7, 1967
Pa g e— 2

The scop. of our services included: -

I — The supervisIon of th. drilli ng and sampling
of three .xploratIon test borIngs dri lled at
appromlrn.tely Station 7 + 25 withIn the
part ially constructed darn esèanhesnt. These
operations were performed to obtain repres.nta-

0 t iv undisturbed s pl.s of the eabankmsnt soils
fo r laborator y testing .

0 2 • The performance of laborato ry tests on the eeö.nk-
ment soI ls and the presentation of the ori gi nal
laboratory test data to Bausr Engineering , Inc.

- 
- FIELD EXPLORATIONS

Th. subsurface soil conditions of th . partiall y constructed
darn .abankment wer. explo red by drilli ng three- test bori ngs with
truck mounted, auger typ e caisson drilli ng equipment . The bori ngs
were 12 inches in diamete r and penetrated through the eabankeent fill
and Into the underlying natura l soi ls . Undisturbed so i l samples were
obtained from the test borings by hydraulica l ly pushi ng a Dames & Moore
Soi l Sampler h.vhtg a thin.wel l bit extension. Two test pits were also 0

excavated utilizi ng backhoe equipment. One test pit was excavated
adjacent to Bori ng 1 and the other adjacent to BorIng 3. Shelby tubss
were hydraulically pushed into th. sides of the tes t pits to obtain
undisturbed samples of soi l for horizontal permeability determinations.

The drilli ng and bacidi os operations were supervised by one
of our fie ld engineers who maintained a log of the soils encountered,
The location of the borings and tes t pits , and graphica l r.pres.ntatione.
of th. soi ls penetrated by th . borings are shown on Plate I. The
method utilized in class ifyi ng the soi ls Is def ined on Plate 2, The

0 boring locations and elevations were provided to us by representatives
of Baiter Engineeri ng, Inc. -
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Bayer Engineering, Inc. 
- -

Juns 7, 1967
Page .3

0 LABORATORY TESTS

Laboratory tests wer. performed on the soil saap lea obt ained
fro. the test bor i ngs and pits to obtain certain physical propert ies

• of the In-situ earth esbanimient. The followi ng tests were performed :

I • Triaxial Compression Tests

a — Consolidated • Undrained (Saturated)

b • Unconsolidated — Undrained (Field Moisture Content)

2 • Consolidation Tests (To determine horizontal and
0 vertical perivmebiliti.s)

- 
- 3 — Moisture-Density Tests -

4 - Compaction Tes ts (AASHO T 180-57)

5 • Atterberg Limits and Grain Size Analyses

The above tests were performed utilizing conventional soil
testing procedures. Copies of th. origina l labor~~ory test data are
presented in Attachments A through G.

It has been a pleasure to work with you on this project.
Should you need any assistance in th. interp retation of the laborato rytest data, pleas. do not hesitate to contact us ,

5
’

•
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• Baiter Ertg ineering, Inc.
June 7, $967

0 Page -k

The followi ng Plates and Attachments are enclosed and 0

complet. this report:

Plate I • Plot Plan arid Log of Borings

Plate 2 — UnifIed Soil Classification System

Attacha.nt A • Triaslal Compress Ion Tests
Consolidated — Undrained, Saturated

Attachment B — Tri.xial Compression Tests
0 Unconsolidated • Undrained,

Field Moisture Content

• Attachm ent C — Consol idation Tests For Vertical
0 Permeabilities

Attachment 0 — Consolidation Tests For Horizontal 0

Permeabilitiss

Attachment E • Suppl.ment.ry Moisture—Density Tests

Attachment F 
- 

— compaction- Test Data (us~o T 180—57)

Attachment G — Atterberg Limits and Grain Size Analyses

Respectfully submitt ed,

DAMES & MOORE

Wil l iam G. Paratore

WGP:MLK:mf

Four Cop ies Submitted
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-.

Volume of solidi W + G V cc
Wt. solids + moi st ure W0 ~~ g~j is. ~~~ (V0 - V5) + V5 e1

‘454 W~ Initia l burette reading ________ cc
Wei ght solids W1 Burette read ng under pressure cc
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SAMPLE HEIGHT. AREA. AND VOLUME CORRECT I ONS AFTER CONSOL I DATION
OR IG INA L SAMPLE HE I GHT (H0) . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~~~~~ ~~~ I I(.

INITIAL OIAL: o . .~~ FINA L DIAL:  ~~~~~~ . CHANGE IN HE I GHT (JiH):.. ~~~~~~~~ IN.
SAMPLE HE IGHT AFTER CON$OLIOAT I ON (H~~)-............ ......... .... ._~~.1~~~~~ .IN.
PERCENTS D!FLECTION .(E).. •~~ • • S S S ~~~ .•..~~ ~~~~~~~~~~~~~~~~~~~~~~~ • •  • • S —

ORIGINA L SAMPLE VOLUME (v .) . . . . . . . . ... . .. .. .. .. . .. . . .. . .. .. . . .. ..  ~~~~~~~~~~~~ cc.
INj T IAL BURETTE: ~~~~~ F I N A L BURETTE ., CHANGE IN VOLUME (~ v ) . . .  “i-~ cc. - --
SAMPLE VOLU’tE AFTER CON5OLIOAT ,ON (V~)... ............ ......,..... ~~~~~~~
ORIGINAL SAMPLE AREA (A.).......... .......... .... ........ .. ~~~ I N
AREA CORRECTION : -
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A~.:A. ( i - M/ /v./ L -E) 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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S~~IL TY~~E ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DEPTH _j
~~

___  ~ ~~~~ r~~~~~~~~~~~~~ C~~ L ~ tLL~ -____ SAMPLE a _ _ _ _ _ _ _

SAM OLE~~ 
_
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SATU RAT ED TEST ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TEST 
~~ 

TEST LAT ERAL PRESSURE ~~~~ 
REF

TYP E OW TEST ~~~/~~L4

Wei g ht ~efl & ~~~~~~~ no. ~~~~ ,Jj~.. Net diameter D~ ~~~ in.

Dry weight soil & ~~~ ~ O(~ ~~I.4. Avea~O.785 o
2~ A0..~~~~~~~sq.in.

Net los s of moisture 1.1.1 4S.3~ Height H0 ~~t in.

Weight of dish on ly Volume (A 0H0) • 1728 V~ cu.h.
Net wei çht of dry soil ________ Vo lume (A 0H0) 16.4 V0 44S ~
Moi’ ,-j re . ‘ of dry wei ght ~~~~~~ ~~~~~~ Specific gravity of solids ________

- 
___________ Volume of solids • 05 V 5 cc

Wi. so lids + moisture W? ~~~~~~~~ 4s . ¶~~S__ (V0 — V5) + V~
W
• • 

454 W0 I~ s. Initia l burette reading • cc
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- 1r-i~SAMPLE HEIGHT. AREA. AND VOLUME CORRECTIONS AFTER CONSOL I DATION

O R I G .INAL SAMPLE HEIGHT (H.)....... ......... . _________

INITIAL D IAL: ~~~~~~ FINAL DIAL: o.o4.,~~ CHANGE IN HE I GHT (t.H):.. o.~~~.L IN.
• SAMPLE HE I GHT APTER CONSOLIOAT l ON (H~ )........ . . ... . . .“ . . ._ _ _ _ _ _ _

PERCENTS OEFLECTION.(E).. .. •. .•. .•  •.,. ...... .... .... ....... _______________

ORIGINA L SAMPLE VOLUME (v.) . . . . . .. . . . . ., . . . . . .. . . .. . . . . . . . . .. . .. .  44~~. o cc . 0

IN ITIAL BURETTE: )44.0 FINAL BURETTE: ~~~~~ CHANGE IN VOLUME~ (&v)..._ _ _ _ _ _ _ _

SAMPLE VOLUME A FTER CONSOL ;OAT I ON ( VI I ) . . . . .. . .. . . . . . . . . .. .. . . . . . .  ~~~~~~~
ORIGINA L SAMPLE AREA (A.).. •S . .... . ...  . . •. . . . . . ... .4.~ o I N ~ .AREA CORRECT I ON: 0 -
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.- 

A.(I_ Mi~’~/ I_~~ 
.
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- • -~~ - 
• SATtJP~ATION & CONS0LI~ .\TION PHASE
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OWN IRE~~~~~4.a_. ‘~~~~Q ~~~~~ LOCATION _  .*~~ i~~~~OJ~ &.3~~t_ . SO RING .

SOIL TV PEUV t~ - 

~~~~~~~~~~~~~~~~~ ~~-& DEPTH _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~ 
(UL~. 

~~~~LL. ) - SAMPLE • _______ _ _ _

SA4~ LEO ._ 2 1 L I’~ b.~~ ~~~~~~~~~~~~~~~~~~~~~~~~ TESTED ~~~~~~~~~~~~~~ ,~~~~ ( j EOFFICCI

SATU PAT EO TEST 
~~ ~~~

F
~EJ~~#2.!~

TuRC TEST ~~ TEST LA T(RAL PR!SSURE~~~~~i~Q______ PSF

TYPE OF TEST 1~4J..k
Weight soil & ~ .t~t’ne. ~~~~~~~~~ ‘~ ..i ~ ~~~~ ‘I - Net diameter D ~~ . in. •
Dry weight s o i l & ~~ ci~’ ~~~~~~ ~~~~~~~~~~~~ ~.\ Are4.785 O~~ A0~~~~~PO ..sq.in.

- Net los s of moisture I~~~ .0 
~I.o - Height

Wei ght of dish only - - ‘. i. Volume (A0H0) • 1728 V~ cu.f t .
Net we ight of dry soil ________ Vol um, (A0H0) .16.4 V0 cc
Mo isture , ‘~ of dr y wei ght ~~~~~ ~1i Specific gravity of solids G~

S Volume of solids W 5 • G~ V5 cc

Wi. solids + moisture W0 ~~ 2~2_. g S. ~~~~ I — (V0 — V 5) + V 5
W0 i. 454 W~ I 5. 

• Initial burette reading - cc
0 Weight solids • 

W 5 g 5. Burett . reading under pressur e cc
Wet density W~ + V~ p f (V — V5) + V5 e ________

Dry densi ty p f ~‘

:::: :: 1:: :::t1:11:.

~E~E E0E
L 

E
8
EEELEQEEEE k

8

~~ VI-44 . ~
( 3ON~~~-IH ~O4 O~~X ) J.4 OS /~S91 N~ SS2~ iS 1’s~x~

0• - ~••~-__1lI! ~ -50 -5-5 o o __ ~~~~ • ~~~ ~~~~~  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- — — — ___________________________________________________ ,‘~~~~~
. - — I - 

~~~~ i — -: - - - -— -

BOR I NG: ~~ SAMPLE NO.~~
’
~~~ 0E TH (FT):~~.’~~ TYPE OF TEST: 

l

______ _________  _________  
SATUI1ATTOU ~~TA 

-

T1’~~ a— -- -• - - Co~;sOLx-
CHA~1zE~t B.~CK EXTER~~L S A L ~ATIO~ PORE ~~ B
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_ _ _ _ _  ~c .o d. .~~.
_ — — ~~~~~~~ ~~~~~~~ 

-
•
-

~~~~~ ~~~~~~~~ ~~~~~~~~

_ _ _ _ _  _ _ _ _ _ _ _  
- •1.5.1.~ 

- — 0 
— -I.c.c - —

5- ~~~~~
-
- 

-

~~~~~~~~~
‘

~~ - _~~~~~~~~~~ _: ~~~~~~ -
_
. - 

— i.~~.
_
o /14 ’~ ~~~~~~~~~~~~~~~~~~~ ~~~

_______ __________ 

C. m’t~..’~’L.~- ‘

ttk~ c~ 
2i~crr ~~ 9(~~-. _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  _ _ _  _ _ _ _  _ _ _

- 
- 
— 

5 
- 

S - 1 
___  ___  

•] ~ ~~~~~~~~~~

_ _ _ _ _  
- . 

_ _ _ _ _ _ _  

..: ~~ - 
• . • • . •

~~
• - .25 t4s..~

________ __________ 
- 

- 
:.::~ : - 

. 
-
. - 

0 
- 

____ ~5 ____

_ _ _ _ _  _ _ _ _ _ _ _  
- -

~~_
_ • _

- • _d.
~ - -

- 
_ _ _ _ _ _ _  _ _ _  _ _ _  1 _ _ _

________ 
- 0 - • -

- - 
- 4 0

_ _ _ _  

-
- _ _ _ _ _  

• .
- 

_ _  _ _  8 _ _

• 
- 

- - - . - 16 
_ _

• . . 
-. ~~~~~~ 

- - 30 r4’J
________ 

• - 
- 

- 
__________ __________ ____ ____ 6.O~ 

ii1•~.’.
-_

- - - 
- . 

_ _ _  _ _ _  i.2.Q. _ _ _

- . . 

__________ _________ ____ ____ 240 ____

________ __________ ___________ __________ __________ __________ _____ ____ MO )

_______ 
__________ __________ __________ __________ _________ ____ ____ 1440 ~~~~

.

t SAMPLE HEIGHT. AREA. AND ‘JOLUME CORR ECTIONS AFTER CONSOL IDAT ION.

O R I G I N A L  SAMPL E I.1EIGHT ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IN.
INITIAL O IAL:~~.e~~O FINA L DIAL: O.O~~., CHANGE IN HE I GHT (6.H):.. ~~~~~~ I N~
SAMPLE HE IGHT AFTER CONSOLIOAT I ON (H~).................... .... ... ~~~~~~~~~~ IN.
PERCENTS OEFLECT ION. (E).... ........ ~~~~~~~~~~~~~~~~ • •.  •.•  . . ... ..._______________

f OR IGINA L SAMPLE VOLUME (V0)- ..... ................... ....... ~~~ CC.

~ INITIAL BuRETTE:i’~d~~~ FINA L BURETTE:tC’~..t., CHANGE IN VOJ..UME (~v)... ~‘L~ cc.
r SAMPLE VOLUME AFTER CONSOLIDAT I ON (VC)....... ...... .............. ~~~~~ cc.
O R I G I N A L SAMPLE AREA (A .)............. ..... ... ..... ............ ~~~ IN .
AREA CORRECT I ON: : - - • 0
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OWN 1 3~~)tS~~~~~~.C~~C~ _ _ _ _ _  LOCATIOr~ ~~~~~~~~~~~~~~~~~~~ SORIMG a _ _ _ _ _ _ _ _ _

SOIL TV ~~~ ‘~~ ~~~~ ____ _____ DE P TH - .U
-~ 

, ‘) p
~~~~~~~~ ~~&L’~

.L4- ~ .~~~~~~~~ “ L~~~)... __ $AMP~~~ ~ 4.
SAMPLE D _~~~~~~~~.$/ t~- ~~ S!T.UP .c ~

__...~~~~~4 ‘~1 TESTED ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( ..~~~~~OF F%CE)

SATUR ATE D TEST ~~ j~~~~’ ’ .~~ STU~~E TEST ~~ TEST LATERAL PRESSURE _4,S~ • 
PSF

TYPE OW TEST~~~ /~ .L —

Wei ght so il & ~~~ no. ~~~~ 3~Lk Net diameter D0 ~ 4,._ in.
Dry wei ght soil & ~~~~~ ‘~‘t~ “ ‘‘ - 

- 

-
, Area t :O.783 D~~ A0..~~~kQ_ sq.ir

Net los s of moissur. ~_O1~~ — ~- Height
Wsight of dish only . - 

Volume (A 0H0) + 1728 V~ cu.fr

Net weight of dry soil ________ Volume (A 0H0) 16.4 V0 cc

Moisture, ~ of dry weight ~!~t .......ii. ~.2.. Specific gr:vity of solids _____

- 
- Volume of solids W 5 + C V5 cc

Wi. so lids + moisture Wo_ .~~~~ j is. ~ 41 (V — V5) + V 5• W0 + 454 W~ l~ s. Initial burette reading ________ cc
Wei ght solids W5 9A55. Burett e reading under pressure —_____ cc
Wet ~ensiIy W~ + V~ ~~~ ph ~~~ (V~ — V5) + V 5
Dry dens ity t°b ptf \O~~
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SAMPLE HE IGHT. AREA. AND VOLUME CORRECTIONS AFTER CONSOL I DATION -

Q~R I G .INA L SAMPLE HE I GHT (H0). ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IN.
INITIAL DIAL:O .o-.~ -O FINA L DIAL:~~.~~~.~ CHANGE IN HE I GHT (t.H):.. o.o~~T IN.
SAMPLE HEIG i-IT AFTER CONSOL I OAT I ON~~~HC.)... ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~PERCENTS DEFLECT ION.(E) . . . . . . . . ......... . . . . . . . . — . . . . -
O R-IGINA L SAMPLE V O L U M E (V .).... ~~............. .............. 41 5.OCC .
INiTIAL BURETTE: 1ca.~ F I N A L BURETTE:t (o~.i, CHANGE IN VOLUME (bV)... cc. :

0 SAMPLE VOLIJME AFTER CONSOLIOAT I ON (V0) ...... ~~~~~~~ 
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• Project: ‘~~~~AJJ-?.I~~~~ ~~~~~~~~~~~~~~ Co tJob No~ ~-~
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~iflO1C ILc . 

~ lCa te 4(
~’i~1

• -. 
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- SPECIFIC GRA’IITY OF SQLI3S (C5) - - 
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-

• Sat~ip11e flo. - -
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-
.

. 

‘.
. 

~~~~
- 

~r~~I 
_ _ _ _ _  

____ L . - 
____—

Flas k No. * 
- 

. ~~~~. 

- 

-

Tempera ture of Water and Sofl , T, ‘C 
~ ~~~~~~~ ______ 

- . -r -

• ‘. ~~~~~~~ 
- •. 1 .  0 - .

Pan + Ory Soil - 

~~~~~~ _____  - _____  _____  _____

-

. 

Pan 
____ 

~~~~~~~~ - - 

- 

. 
-

~•

- .. ~ Dry Soil 0 
____  ~% O t~I 

-

‘Flask + Water at T~~
.C Wbw I _____  _____  

- 
_____  _____  _____

“ + - 
- 

- - 

. - i ~i •~~~ 

- 
- 

______ 
- - -

-- 
- 

~ Flask + Water + lirin ersed Soil IWbws ~~ 9~.1-
-
~-~ 

- - 
- - - - - -

- : 
- 

— 
Displaced Water, Ws + Wbw - Wbws 4~o.~1 - 

- a - 
-- -

:orrect~~ Factor 
- 
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- 

-
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• 
-

* - .  ~
- - :  (WsK) ~ (W~ +W b~ ~~~~ G5 ~ti+ - 

_____  
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- :- . APPARENT (Ga) AND BULK (Cm) SPECIFIC GRAVITY . Temp. Corr . Factor
• Sample No. - 

- - - - C K 
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• Temperature of Water and Soil. 1. ‘C ______ 
•• 

- 14 1.0010
Pan + Saturated Surfa~e - Dry Soil - 

~
.
_ _ _ _ _  

- 1 5 0  1.0009
Tare Weight - - 

- 16- 1.0007

~ Saturated Surface - Dry Soi l I ______- ______ ______ 
17 11.0006

~ (Wi re Basket + Soil) In Water - -
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18 11.0004
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.
~~ Wire Basket in Wa ter 

- 

—— 19 1.0002
- - • Saturated Soil In Water I C - 

- 20 - 11.0000
Tare Weight + Dry Soil 
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0 
_______

- 
-
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-
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- 
. -- - - 
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A 
- - 
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- 
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- - Gp 
-
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- Cm 
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- - 
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______________________________
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/ ($./ - 
c € ,’ ~/#.-F’ $, 5 S.%IL ,/L~~~~
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- 

____ +11 
—

_ _ _ _  ___  ___  ___  
qoi, 

— 
~~~~~~ / 

_ _ _ _  ___  ___  ___  _ _ _ _  —
- 

~~~~~~ ,i’a 
_____ _____ ~~~~~ 

F 
____ 

4/? (15 ____

— _____ _____ 
/eI •~~~7 

~~ ____ ~~~~~~~~~ —
- 

____  ___  ___  _____  —  ____  _____  
/(~~ P~~ £4 

____  
4t95) 

—

— _____ ______ ____ ____ ____ 
“
~~ —

_____  ____ ____ ____ 5 O~~3 ~~~~ _____  _____  
1020 - 

•~~~~~~ ____  i/ j ? £~./ —
• _____  ____ ____ 3~~ 4.0 

_____  —  _____  _____  
l 0! ’r Jc ____ 

“ 4,,. 
—

_______ _____ ____ ____ ~ 0 .2 ~~~ —  ______ ______ 
1/ O 5 _____ _____ -‘ —

______ I1&~ ____ ____ ~~‘~‘3 — _____ ______ 
12.C-3 /~~ -~ ____ ~~~ .ft —

~~~~~~ ~~ Z ‘ô j  _____ _____ 5~~
, o 
—  

- ô 
_______ ~.rrn. -1 ~~~~ _____ ~_.;~j 5- 

—  
cic~

_____  ____  ___  ___  _____  —  ____  _____  ‘fl 9 - •e- ____  -&~?? 
—-

— 
/C(~~T a 

____ c~o,c 
— ~~~~~~~ ~-z’ )O• 

____ ____ _____  —

- _ _ _ _  • _ _ _  _ _ _  _ _ _ _  —  _ _ _ _  
- 

_ _ _- _ _ _  _ _ _  _ _ _ _  —~~~~~~~~~~~~~~~

_ _ _  _ _ _  _ _ _  _ _ _  uøi~.,_ 
— 

- -

— — —
______ fi Ct I~- “ _____ 

.W~? ~ 4 — —
_____ Lt1 c ’7 .2 

- — ______ ____ ____ ____ _____ —

MULTIFt. Y WEIGHT OF SOIL IN GRAItS BY 0.132 WH EN ONE STANDARD 0 & M SAMPLE IS USED.
CON1INUSD ON ISV IllS lIDS

$17.0 Ill S$) VI—65 . 
D*M~~~ S 00OO~~S

-. —-0---- --



r —-

~~~~~~~~~

-

--

~~~~

-

-
~~~~~~~~~~

I 
—

~ . C. I____ INAL INOS) TOTAl. 
LOAD 

DIAL II.ND OI TOTAL
SAYS TIN S TINt 5*10*140 Pws a CONIOL. OA T S TINS TIME 

I•$Fb 
ICADINO VWII CONSOL.

• 
. 

- 
1.010 1 IN.) LOAD IDAfl OIS 4.0411 IN.) L OA D ISATION

_ _ _ _  _ _ _  .~~~ .~~~ • --~~~ _ _ _ _  _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _ _ _  _ _ _ _

_ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  — — _ _ _ _  _ _ _ _ _  — _ _ _ _

_ _

7L

~~~~~~~~~~~~~~

_ _ _ _  _ _  _ _ _  _ _ _ _  _ _

-
_ _ _ _ _ _ _  _ _ _ _ _  

I t4~
-7/

~4~ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  

-

_ _ _ _ _ _  ~~~~~ 1~
__ 

__________ — _____ _ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _ _ _  — _ _ _ _ _

________  
.7J4 J4_ ______________ 

— 
_ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _  — _ _ _ _ _ _ _  _ _ _ _ _ _ _  — _ _ _ _ _ _

- ‘~1 .2_ 4~~~ 7 _  _ _  _ _  

-
_ _  —  _ _  -__ — —

_ _ _ _ _  ~ 7’ I~~. 14’ ~~~~~ — _ _ _ _  _ _ _ _  _ _ _  — —
_ _ _  _ _  

I4L~I — _ _  _ _  _ _  — _ _  _ _  — _ _

- . A’~~
C
~~~~~ I1 _ _  ~79 _ _  _ _  _ _  — _ _  _ _  — _ _

-
_ _ _ _ _ _  //?Q ~~~~~~~ _ _ _ _- _ _ _ _ _  _ _ _  —

_ _ _ _ _ _ _  ~~~~~ ~~~ _ _ _ _ _ _  _ _ _ _ _
- 
—  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  —  _ _ _ _ _  _ _ _ _ _ _  - - 1 -

_ _ _ _ _ _ _  
jVZ - 

_ _ _ _ _  —  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  —

— t
~~~
’
~~ -:~

-
~~i’ ~~~ _ _ _ _  

41(1j, i/ 
—  

0’1,~’, 
_ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _  —

_ 57~~,.p — _ _ _ _  _ _ _  — _ _ _  _ _ _ _  — _ _ _

•______ C~~3p 0 - 
46 .4

- 
_ _  ...L _ _  ~~i~~ _ _ _  _ _  _ _  — _ _  _ _  — _ _

( 2.2: _ _ _  _ _  _ _  _ _ _  _ _  —  _ _  _ _ _  — _ _

- 
_ _ _ _  -

~~~~~. _ _ _ _ _  
q3,,~ —  _ _ _ _ _  _ _ _ _ _  _ _ _  —  _ _ _ _ _  _ _ _ _ _  —  _ _ _ _ _

I
_ _ _ _ _  _ _ _  _ _ _ _  #411 

-

_ _ _ _ _ _ _  
g3 ‘~~ ~ 4”/~ 2 

—  _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  —

_ _ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _

_ _ _ _ _  
e? i(, q 

_ _ _ _  ‘/g. ~~~ _ _ _ _  _ _ _ _  _ _ _  _ _ _ _  _ _ _ _- _ _ _ _

- 4 1”~~ L~~~~. _ _ _ _ _  _ _ _ _ _  — _ _ _ _ _  _ _ _ _ _  _ _ _ _  

• 
0 _ _ _ _ _  —  _ _ _ _ _

—  _ _ _

-

-
_ _ _ _ _  f&3i~ .(t.c.. _ _ _ _  W’S _ _ _ _  _ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _  —  _ _ _ _

- / l !~~~~(2L —  _ _ _ _  
. 

_ _ _  —  _ _ _ _  _ _ _ _  —

_ _ _ _ _ _  •/3 ~~~ ~~~~ 
- ~~roe 

—  
çj ac~ _ _ _ _ _  _ _ _  — _ _ _ _ _  _ _ _ _ _  —

_ _ _ _ _ _  / T Sc ~~~ _ _ _ _ _  4-~’o3 
—  ~~ ç7 

_ _ _ _ _  
* 
—  

- - 
_ _ _ _ _  —  _ _ _ _ _

_ _ _ _ _  _ _ _ _  
1~~ o _ _ _ _  

4-3~?7 — 
o7~~ Y 

_ _ _ _  _ _ _  — _ _ _ _  _ _ _ _  — _ _ _ _

_ _ _ _ _ _ _ _  _ _ _ _ _  ‘OL45~~ _ _ _ _ _ _  
- 

- 

- ______ ____ — —
_ _ _ _ _ _ _  

1•~& ~~~~~~~ 
_ _ _ _ _ _  

#39 1 
— _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  — _ _ _ _ _ _  _ _ _ _ _ _  — _ _ _ _ _ _

_ _ _ _  1 1 _ _ _  _ _ _  —  _ _ _  _ _ _  _ _  —  _ _ _  ___ — —

I -~~~~~. _ _ _  4~~ .r _  _ _ _  _ _ _  _ _  —  _ _ _  _ _ _  — _ _ _

-

- “ I’. ~z.a4- 
_ _ _ _ _  

- 
_ _ _ _  _ _ _ _ _  _ _ _ _ _  -

_ _ _ _ _  i/~~ .L. _ _ _ _ _ _ _ _  —  _ _ _ _  _ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _  _ _ _ _

_ _ _ _  ‘~~2_ z. 4-t i~2.- 
—  _ _ _  _ _ _ _  _ _ _  —  _ _ _ _  _ _ _ _  — —
—  

0 
_ _ _ _ _  _ _ _ _  —  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

_ _ _ _ _  
13-? j~ ~.M 2 O? — _ _ _ _  _ _ _ _  _ _ _  — _ _ _ _  _ _ _ _  — _ _ _ _

- 
_ _ _  ~~e2~.e — — - 

_ _ _  —  _ _ _

_ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _  —  -_ _ _ _  _ _ _ _  _ _ _  —  
. 

_ _ _ _  —  _ _ _ _

_ _ _ _ _ _  _ _ _ _  ___________ — _ _ _ _ _  _ _ _ _ _  _ _ _ _  — _ _ _ _ _  _ _ _ _ _  — -

- ~/~
•e- 

~~~~ ~~~~~~~ — — _ _ _ _ _ _ _  _ _ _ _ _ _ _  — _ _ _ _ _ _

_ _ _ _ _ _ _  
/4’— .. ,~ ~~~ _ _ _ _ _ _  ~:—7~

-/,’9 ~i/ 0 C 
- 

_ _ _ _ _ _  —
_ _ _ _ _ _  .

~ 
_ _ _ _ _  M 

~~

-—

~~~~~ ~ ‘, ,& 
_ _ _ _ _  _ _ _ _  —  _ _ _ _ _  _ _ _ _ _  —  _ _ _ _ _

a- ~~s [ i~~ ~~~~~~~ . 
—‘ , ~ / _ _ _ _ _  _ _ _  — _ _ _ _ _  _ _ _ _ _  — _ _ _ _ _

_

1 -
/

~~~~~~~

-

-

-

_  __

-

__

-

,

— _ _ _  ~~~~~~~~~~~~ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  —
- 

- 
_ _ _  —  _ _ _ _  _ _ _ _  —  )

L-
~,r ~~~~~ — 

fL-~’ d ~Ø. d,’(/ e? 
_ _ _ _ _  _ _ _  —  — _ _ _ _

- 

_ _  _ _
f —

~~

’”  
* 

— _ _  _ _  _ _

- 
‘11—66



— 

WORK SHEET - SPEC IF IC G~AV LTY TEST S 
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P Oject ~~~;u..4~~ ~~~h1~

(2.—. C~~. 
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. 

1Job No~~ c~-’,2 F~Io1e Uo.~~P — t  JCate .cf ; /
~ei

‘ 
- • * - * 

- SPECIFIC GRAVITY OF SOLL3S (Cs) - 

- • 
- - 

• 
-

- ‘ . - 

_
-4- e

_

~~~ le ~o. • - - - . 

— ~ ~~~~~~~~~~ 
______  _____  _____  ______

- 

-

- 
Flask t~o . - 

- • 1--- ‘~~~~~- 

-

. ‘ Temperature of Wa ter a nd Soil , T, ‘C ~~~~~~~~~ 

- 

- 

*

* 
Pan ~o. - 

. 0 - *

Pan + Dry Soil • -
- 0 44o.~jo 

______ ______ ______ 
-
______ ______

—
•
-

~ 

- 

- 

- 

Pan - 

- 

-

. 

~~~~~~~~~~ 3~e - ~~~~- - - * 
_______ 

* 

-

~.• ~ Dry S o 1  . - - ____ 
t .o.,~~ ______  _____  

* 
—____ 

-
- ~~

- •
. Flask + Water at T , ‘C Wb~ ~~~~~ _______ - 

- 

_______ _______ 

I‘ W~~+ Wbw -
- 

- 
- - - 

- 
_ ____  

- -

- 

~ Flask + Wate r + I~mtersed Soil ~~~ ~~~~~~~~~ 
* 

• 

-
. - -

. 
-

-

- 

- 

— 
Displaced Wa ter , W5 + Wbw - Wbws ~~~~~ 

- 
— 

a 
- - - - -

- -: - :orrectlon Factor . 

- 

K - •O~~4. -: -
. 

_____ - ______ ______ ______

(W~K) ~ (W5 +~ Wb~ - Wb. ) G5 
~~
______  

- 

- 

- 
_____  ______

-
- 

- APPARENT (Ga) AND BULK (Cm) SPECIFIC GRAV ITY . . . Temp. Corr. Fac~or 
~Sample No. - 

- 

-~~ 

- .
- •C K

- •
. 

• Temperature of Water and Soil. 7. ‘c _____  

• -
- 

_____  
14 11.0010

Pan + Saturated Surface - Dry Soi l 
_______ 

. - 15 - 1 .0009
Tare Weight - 

- - 
- 

- 16. 11.0007
- 

.
• ~ Saturated Surface — 0~y Soil I ~a - 117 11.0006

• 
-

_ 

- ~~~
I (Wj re . Basket + Soil) in Water - 18 11.0004

• - 0

* . 
- ~ Wire Basket in Water - . 

- 
______ 

119 - 11.0002.
- 

- • Saturated Soil In Water C - 
- 20 

- 1.0000

~ Tare Weight + Dry Soi l 0 

- 
______  -_

- - 

- 

21 0.9998

- 
• 

Tare Wei ght -
. -: . - 

- 
- 

22 0.9996

- 

Dry So il 
- . 
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A 
- 
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- 
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- 
- 0 - - 24 - 

- 0.9991 
-
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- 
- 
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• Cm 

- 

- 
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* 26 - 0.9986- -

• .~~
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COMPACT I ON TEST DATA

AASHO i 1 80-57

TEST PIT 1 ~ A DEPTH OF 8.0 FEET
IN—SITU MOI STURE CONTENT 24.1%

DRY-DENSITY MO ISTURE CONTENT
-~~ LBS ./CU. FT. PERCENT

104.2 7,2
111.8 11.4

113.1 0 13.0

113.6 14.4

113.4 15.0

111.2 17.3

98.7 24.1

93.8 
- 

26.9

TEST PIT 2 @ A DEPT H OF 6.0 FEET
IN—S ITU MOISTURE CONTENT 16.3%

~3Y DENSITY MOISTURE CONTENT - 

-

LBS ./CU. FT. PERC ENT

107.6 6.0

111.0 8.4

113.7 11.4

114.1 13.1 0

113.0 15.5

106.9 
- 
19.9
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0 COMPACT I ON TEST DATA (CONV D.)

AASHO 1 180-57 -

SORROW AR EA

* . 
IN—SITU MOISTUR E CONTENT - NOT DETE RMINED

DRY DENSITY MOISTURE CONTENT
LBS ./CU. FT. PERCE NT

9.5

115.2 12.0 
0

115.3 
- 

12.8

11~ .8 15.5

108.4 17.9

V 
-

$
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• ATTERBERG LIMITS

DEPTH LIQUID LIMIT PLASTIC LIMIT PLAST ICITY
LOCATION FEET PERCENT PERCENT INDEX

-
~~ 

- Borhsg l 1.5 47 ~.1 6

Borin g 2 - 4.5 42 34 8

Boring 2 7.0 * 41, 36 8

Bor Ing 3 6.5 1,1 38 3

0 
Borlng 3 13.5 37 0 32 5

- 
Borin g 3 18.5 0 42 

- 
34 8

Test P It  1 8.0 43 - 35 8

Test Plt 2 6.0 36 35 1

Borr~i Area —~~
- 

- 34 32 - 
2

p 

-

I
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0 - G—2

- GRAIN SIZE ANALYSES 
-

LOCATION BorIng 2 Boring 3

DEPT H — FEET 4.5 
- 

13.5

* PERCENT PERCENT
0 U.S. STANDARD SI-EVE OPEN ING FINER FINER

S I EVE SIZE MM BY WEI GHT BY WEI GHT

No. 10 2,00 100.0 100.0

No. 16 1.19 96.4 969
0 No . 20 0.841 94.6 95.1

No. 1,0 0 0.420 
- 

89.5 89.6
0 

No , 50 0.297 86.8 86.1

No. 60 0,250 85.7 - 
84,9 

0

No. 100 0.149 81.0 80.2

No, 140 0, 105 77, 1 77.1

No. 200 0,074 
- 73.6 711.4

No. 325 0.044 - 67.2 70.4

0.020 * 34.9 30.7

0~~~~~~~ 0,005 9.1 5.1

0.001 0.1 1.2

I
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0 GRAIN SIZE ANALYSES

LOCAT I ON Test PIt 1 Test Pit 2 Borrow Area
- 4

DEPTH - FEET 
- 8.0 - 6.0

- PERCENT PERCENT PERCENT
V .5, STANDARD SIEVE OPENING FINER FINER FINER

SIEVE SIZE MM BY WEIGHT BY WE FGHT BY WEIGHT

No. 10 2.00 100.0 100.0 100.0

No. 16 1,1 9 
- 

97,2 96.3 97.2

No. 20 0.841 95.0 - 92.4 - 93.8

No. 40 0 0.420 90.0 82.7 81.5

No-. 50 0.297 - 87.1 78.1 75.2
I 

0 No. 60 - 0.250 85.7 76.1 72.7

No. 100 0.149 
- 

79.8 69.9 65.3

:1 No. 1140 0.105 75.0 67.6 61.1

No. 200 0.074 71.2 
- 64.3 58.7

No. 325 0.0414 
• 

65.9 57.1 50.7

I . 0.020 - 38.2 24.6 18.2 
*

0.005 11.3 2.3 1.1

0.001 0.2 0.10 0.0

I 0~
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January 31 , 1967

Bauer Engineer ing, Inc .
20 North Wacker Drive
Chica go, I l l I n o i s 60606

Attention : Mr. William J. Bauer

Gentlemen: 0

~ Report — Soils Eng ineering Services
Proposed Dam — Lake of the Woods Reservoir
Orange County, Virg inia
For Bauer Engineering,, I nc.

- 
This letter presents the results of our Soils Eng ineering Services

performed in connection with ~he Proposed Dam - Lake of the Woods Reservoir

to be constructed In Orange County, Virginia.

- 
The scope of our Soils Eng ineering Services was planned In coT-

l aboration wi th Messrs. William J. Bauer and Robert L. Hall of Bauer *

- Engineering, Inc. Soil strength parameters of proposed fill soils were

• prov i ded to Bauer Engineering, Inc. on January 11 , 1967. The resul ts of

- our stability analyses were prov i ded on January 12, 1967. An estimated

coefficient of permeability equal to 0.2 feet per year for Material

- 
compacted to 90 percent of the maximum dry density as determined in accor—

• dance with the AASHO T 180—57 Method of Compaction , was provided on

- January 23, 1967. 0

I*
Vu —i

C~ 5i. C ADØ~ C *M1$OU

. 1 0

- M~S~~~~~~~~ 7t• -. 0 1  — - 4*41 t.~~~~~~~~~~~~~~ 4 - - —~~~~---a- -._0— . -~~ -

_ _ _ _  ~0 0 0  ~~~~~~~~~ ~~~~~~~ ~~~~00 00 -



0 _ _ _ __ _ _____  
~~~~~~~~~~~~~~~~~~~ -,o - 00— --~~-- --~----- *~~*- -- — --V.- 

- -  _
00 0 1~~~~~~~~~~~

—-
~~~L

- —2—

The scope of our soils engineerin.g services was as follows:

- The performance of laboratory tests to determine the strength

ii characteristics of the remoulded compacted fill soils to be
0 

I~~~~used to construct the Proposed Dam. The compacted fill soils

were evaluated at the following density criteria: (a) 90

$ percent of the maximum dry density as determined in accordance

with AASHO 1 180-57 Method of Compaction , (b) 95 percent

of the max imum dry density as determined in accordance wIth

the ASTM D 698 Method of Compaction, and Cc) 90 percent of

the maximum dry density as determined in accordance with ASTM

D 698 Method of Compaction. The l aboratory strength tests

consisted of triaxial tests and direct shear tests.

2 - Engineering analyses to eval uate the stability of two pro-

0 posed dam embankments. One dam emba~kment Is to consist

entirel y of soil compacted to 90 percent of the maximum dry

0 
dens i ty as detettmined in accordance with the AASHO 1 180-57 

-

* Method of Compaction. The other embankment, as proposed by

the Contractor, is to consist of a core approx imatel y 50 feet

wide , located near the center of the dam, compacted to 95

percent of the maximum dry density as determined in accordance

wi th ASIM 0 698 Method of Compaction. The soil to be placed

on each side of the core will be compacted to 90 percent of

0 the maximum dry density as determined in accordance with ASTM

- 
D 698 Method of Compaction. Both proposed .mbankments will

0 have an upstream slope of one vertical to four horizontal and

a downstream slope of one vertical to three horizontal.

VII—2
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3 - Additiona l eng ineering ana lyses , if required , for the proposed

embankment consisting entirely of soil compacted to 90

percent of the max imum dry density as determ i ned in accor-

• 4 
- 

dance with AASHO 7 180-57 Method of Compaction will be

performed to determine the optimum desi gn cross section with

respect to slope stability and economy of known materials .

INTRODUCT I ON:

Representative bulk samp les of the proposed borrow materials were

obtained by our f ield engineer on December 20, 1966 from test p its excavated

in the Proposed Borrow Pit. Test p i t  locations were established by
H l

Bauer Engineering, Inc .

The soi l profile in the Proposed Borrow Pit area is similar to

the soil profiles presented in our “Report of Soil Exploration , Proposed

• Dam — Lake of the Woods Reservoir , Orange County, Virginia for Bauer Engin-

eering, Inc.” dated October 211, 1966. The soi ls are residual in ori gin

an~ were derived from the weathering of gneisses, schists , and cther meta—

morphic rocks . The Proposed Borrow Pit Is blanketed by topsoil and the

topsoil is underlain by reddish brown silty clays , clayey silts , and silt s

- with sand and clay which In turn are underlain by brown and gray sandy
- sflts and sandy clays .

‘I From visual Inspection of the test p its and inspection of bulk

0 
-~ samples In the laboratory, It was determined that the soils in the Proposed

- Borrow Pit consist essential ly of three soil types. The three soil types

and the coordinates of the respective test p its and depths at which bulk 0

samples of the three soil types were obtained are as follows :

VI 1—3
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GROUND SURFACE -

0 COORDINATE OF ELEVAT I ON AT TEST DEPTH OF BULK
- SOIL TYPE TEST PITS PIT  (FEET ) SAMPLE (FEET)

MATER I AL I Reddish Brown K + 60 292 6
Ciayey S i l t  1 3 + 20

- MATERIAL U Reddish Brown K + 6o 292 11.5
Silt with - Sand 13 + 20

-- and Clay

MATERIAL lIt Brown Sandy Clay L + 30 307 8
0 15+80

LABORATORY TESTS:

Two compaction tests were performed on each of the three soil

- types. One compaction test was performed in accordance with the AASHO

- - 
1 180—57 M~thod of Compaction,and the second compaction test was performed

in accordance with the ASTM D 698 Method of Compaction .

Remoulded samples of each soil type, compacted to 90 percent of

the max imum dry density as determ ined in accordance w ith the AASHO T 180—57

O Method of Compaction and to 9~ percent and 90 percent of the maximum dry
0 

density as determined in accordance with the ASTM D 698 Method of Compac-

tion , were then subjected to strength tests. The strength tests consisted

of direct shear tests and undrained triaxia l tests. The strength tests

were performed on remoulded samp les having a moisture content approximatel y

equal to the antici pated fi l l moisture content at the time of p lacement
- and compaction of the fill - and on saturated or near-saturated remoulded

• samples.

- The Atterberg l imits were determ ined for Materials 1 and fl .

Specif ic gravity determinations were performed on all three soil types and

- a grain size analysis was performed on Material U. 0

C ~~tOO~~~&~

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~0**~O o~J4j~



0 
I

I —

—5-

Laboratory test results are presented on Plates I and 2.

0 STABILITY ANALYSES ; 
-

Stability analyses were performed on the two proposed dam embank—

* 
ments. For each of the proposed dam embankments the stabilities of both

upstream and downstream slopes were eval uated. The strength parameters used

0 in the stability anal yses were those of Material U. It is considered that

the Proposed Dam will consist primaril y of Material r and Material U.

Material U has the lowest strength parameters of the three predominant soil

types encountered in the Proposed Borrow Pit. It was Jud ged advisable by

Dames & Mopre and Bauer Eng ineering, Inc. to use the lower of the strength
I

parameters In the stability analyses. The phreatic line in both of the

proposed dam embankments was assumed, for purposes of stabil i ty analyses ,

to be a stra ight tine from the water leve l on the upstream slope to the

* filter drain. This assumption Is based on a filter drain that is perform—

ing adequately. The soil on doth the upstream and downstream slopes was

assumed to be saturated. The proposed dam site is in a seismicall y active

area and an earthquake loading equal to five percent of the acceleration

due to gravity was uti lized In the stability ana l yses.

The results of the stability anal yses on the proposed homogeneous

* 1 dam embankment consist ing entirel y of soil compacted to 90 percent of the

maximum dry density as determined in accordance with the AASHO 1 180-57 0

- 
• Method of Compaction are shown on Plate 3. The parameters of the founda—

- 

t ion  soil Ininediatel y underly ing the dam embankment were assumed.

The results of the stability anal yses on the proposed alternate

dam embankment , as proposed by the Contractor , are shown on Plate 1~.

VII—5
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This embankment contains a core approximatel y 50 feet wide compacted to

95 perceit of the maximum dry dens i ty as determined in accordance with the

- 

- 
. ASTM 0 698 Method of Compaction to 90 percent of the max i mum dry density

0 
as determined in accordance with the ASTM D 698 Method of Compaction.

* 

-: Material U when compacted to 90 percent of the ASTM 0 698 maximum dry

-; density has a cohesion equal to zero and an ang le of internal friction which

is less than the slope angles of the embankment. Thus the side slopes of

the embankment , as proposed by the Contractor , are unstable.

—— 000——

The following Plates are attached and comp le te th i s  repor t:

pl ate 1 - Summary of Laboratory Test Data

Plate 2 - Gradation Curve of Material U

Pla te 3 — Results of Stability Analyses of Homogeneous

-
~ Dam Embank ment

0 Plate 4 — Results of Stability Anal yses of Proposed Alternate

Dam ErLbankment.

- Yours very trul y,

DAMES S MOORE

William G. Paratore

- O~~1~~~ d4~~~
(
~~,)

James B. Thompson

WGP:J BT :DG$:ac 0~~

Ten Cop ies Submitted
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The purpose of this standard is to pull together the materials developed
over a ~erLod of time retarding the desiCn of earth do~ts as rat’ as the
s~ ab~lL ty of the slopes is concer ned. Until superseded by another stand ard
c3ve rin~ the sa ra subject, this procedure will be used in the analysis of
all earth dams which t.ll within the scope of this procedure .

Smo~*,e
- ~~~~ / ~~~ /5?

Thi s standard procedure covers damsAwith the foll owing characteristics:

1. The ups tream and downstream slope s are u.nifoz’m an~ approximately equal.

2. The foundation ma terial is at least equal in strength to the compacted
materLal comprising the embankment . -

3. The strength of the material in she ar may be described as a straiêht-
line plot on a diagram as follows: 0 - -

Un,’~ ~‘e’~4/z o /
~

~ 4MO 6r dr~ ~~~~~
~~~~~ W it~r ~~~yan~

f 5,
~
W 4 r

~~~
i—- 4) = angle of internal frictio& 0

4 r wef

a 
- 

(cD e~~~~~~~’~~~~ ~~~~~~~~~ 

-

0 ft C — cohe s ion *j~ j ,  £ ~~~~~ 
-

__________________________

Normal stress in pounds/sq.ft. -

Y ~~~~~~~~ _ _ _  

-

0 /~~~~~~~
j* 

~~~~~~~~~~~~~~~~~~~ ‘~‘Ioi~ .r-+~~ -
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~~~~~ 

Design Standard

I INC. 
Fs. x Ne

L CHICAGO COMPMrsD Bauer CN(C*ID 0*-lw_4-5-67 •~.- 
2 —.

Locus of Trial Centers - 

-

The location of the center of the slip circle of least Factor of 
*

Safety may be estimated with the aid of the Locus of Trial Centers sho n
on the Definition Sketch , which was obtained from Jumikis , Soil Mechanics,
page 698. The values of angles BA and BB are estimated with the aid of

• the following table:

Z THETA BA BB

* 
* 1.732 

- 
~~O about 29° about 400 

0

0 

1.000 45 0 about 28° about 38°
*0~~

- 

0. 667 0 33°41’ about 26° about 35° 
-

0.500 25°34’ about 25° about 35°

0. 333 
- 

l8°2~’ about 25° about 350

-
- 0.200 11~ 19’ about 25° about 37° - 

-
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Design Standard
I ENGINEERING -

I _______________________________________ TILL No

CHICAGO COMPU-fEe Bauer 
__________ OAr ’

4 5 6 7  ~~~~•_ 3 ,~~~~~~

4

Seismic Factor - 

*

(
The horizontal acceleration is the primary factor to be considered .

0 The ratio of this acceleration to the acceleration of gravity is the Seismic
Factor , or SElF in the program. Commonly, SEW = 0. 10. and this value
shall be used unless a particular earthquake history ind icates a greater or
lesser value to be appropriate .

The water waves set up by an earthquake are generally small.
0 For example , the wave height resulting from SELF = 0. 1 with a period

of 0.25 seconds is on the order of 0.1 to 0.2 foot for a dam 50 feet high.
This effect is usually ignored in earth dam stability computations.
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Assumptions 0

The following assumptions are made in this procedure for small

9 earth dams:

- 1. The plezometric gradient of internal pore pressure
indicated on the Definition Sketch of page 1 as dh/ds is ignored. This
is a substantial stabilizing force which would ordinarily be taken into
account in designing higher dams. However , for dams under 100 feet
in height , it may be safely ignored in the interests of conservatism 

-

and simplified design. 0

2. ~ No cracks are assumed to exist. The embankment is
considered to be homogeneous.

3. There is no problem of rapid drawdown, which is not
more than àompensated for by ignoring the dh/ds as explained in
1. preceding. - 

-

Computer Program 
- 

- - - .

The following pages give the steps in the computer program:

I

VII— 14



0~~ ~~~ ~~~~~~~~~~~ ‘ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— i:- :-:
~: 

-

BAUER Sus. cc Earth Dams: Stability P~~~(c? Design Standard
ENGINEERiNG r~~s Me

-~ ~~~ “ 4-5-67 5oa uer ____________ DAT— -s.-

( - - 0 
* 0  0

C ... 0 -

~
_ •4 
‘

~

C - -
—

C
~~~~~~~~ I —~

~~~ -
4< ~~~~~~~ a -

$ ~~~~~~~~~~~~~~~~

~~
~~ e& ~

.
~~~~I~~u-~

C~~ C C—  • —

• :..c u,..G~ —
< < a ~~~ iA -.’ -

__ a— .~~~ C ~~— — •P4 ~~~ =
~~~— s + I Li. ~ In In @. I’ C’ C. -.~L c,~~~P-< u~ -~~~~ c u .  x —~~~ ~ a a ~~~~~1~~~~C4

‘~~0 ~~ I I - < <~~~~~I ~~~ - ~~~‘CCP— ‘.LO— —I-. ’.- +~~~ IL ~no c. c~ — .J—~~~~~~ C.~~~~~ I— ). C
~— e .d  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0, . ~~ ~ I&C ~~~~~~~ =,4~I II. ~~~‘~~~.~(S C
I,.. C ~~ C C~~ ~~~~ ~P-

Z)C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I O Z  ~ = 0 0)- ~..I—C - ~-. — In CC
• ...iZ’..’-.-.> - a p 4 ~~~~1 •‘.. la~~I < ‘ — •_ . + ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ •

C C ~~~~ — ~~~~~~~~~~~~~~~ ~~~~~
_

~ C <~C .C~~P-~~ ’~~I ( f l — C — .~~) C Z  C ~,.4 N I I=— %‘c~~.
.._ . .~~~~~~In W-+~~~~~ ~~ ~~ $ ~~~~~~~~~~~~~~~~~~~~~~~~~ C C G  ~~~~~~~~~~~~~~~ U LU.~~~~~~~U I C

< ( fl O * < C ~~~ Z 0 0 0 .C 0 0  ~~~~ X ) - -~~~P- U N ~~~< $ I C C  C ~~~~~~
L~~~~~~~~~~ j ~~~~~~~~~~~~~~~)— m • I- I- p— P- I- I- I-J—~~ 11 i ~~~~~~~~~~~ U ~~ N C Z U ~~~~~~~~~~~N C In’I~ In N N C C  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~P 11 N U Z~~~— < <  U N ~~. N — — ) < Ifl Z~~~~~ C CC. CIn~~~~~~~~—
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U N $~~Li.: u_ = O: .~~~ I.I. ~~~~~~~~~~~~~~~~C. C C  1 C C < $~) In )C )- C. C C <~~~ ~~ 0. 0. 0. 0. 0. 0.0.0. 0. C < (  )- C P— I— — ~~. C <<  C <C )c ). ~~ C.

C C C

I~ Li
‘ ~:

U I N U N I N I IN N * I I U N M N N I N . N N* I I U NN N N I I I* N I I U U $ R I I U u I

• . . . e • . . • . . • . . . . . S • S S S S S ~ • S S S • • S • • • • • • ~ • • • a a S S •
— C~~ l~~ ~0 ~~. C C — ~~ P~ ~~ ~~~ C ~~ = — ~4 — U’ P~. C C ‘e ~4 ~~~ ~~~ ~~~ ~~~ $.•~ *~~~ ?*~
C 00 C C C C ———— — — — — — ~~ r.~ ~~~ ~~~

— — ‘~I — — — .~ — ~~I — r4 — — ~~I — — — ~~4 ~~I — ~~I — ,~ ,~ — , I ~~~ 4 f 4 4 ~~~~~~~~~~

Vu —i S 
- 

-

&
— — ~~~~~~~~~~~ — -- -— .--———~—.-— —~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ r~~

-~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~.a •4 n 0•A M ~...~~ 



- 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~ -

- 
* 

~~~~ 
Earth Darns: Stability ~~~~~~~~~ &andard

ENGiNEERING ________________________0 
*-  

0 Fe&.t Ne 0

CHICAGO Coi..u ~~~ 
Bauer • 0*1— ••~~

P.1

a

_

~~~~~~~~~~~~ 0

w - p4
k a

I • —

~~ .
— — %. In

— C ‘
— C~.1 — In C’.i )C —

0 0 
,C~~~~~~~~~ —
+0. Li. $ ø~~~ ~~~~~~~~~~ 

.
0 ~~~~~~~~~~~~ 10~~ 14 14 1414

- — I n~~~~~ ~~~~~~~~~~~~~~~~ C
0 0+  ~~~~~~~~~~~~~ C~~ C )- I— I->C.(~~~ ~~~~I ) -~~~~ 0 -4)-)- Qo C — ~~C~~~a ~~~— ~~~•+

Z~~~~C $  )CX)-.~~ - ~~~~~~~~~~ C )- C ). )-)-
- - = < — I ~~~ + — ),. • $~~~~)( — — — — — P. — I Cl — ,  I • ~~ —

~~~~~~~~~~~~~~~~~~~~~ 14. I I I $ ~~)- • • ~~~~~~
•~~~~~a —e 4  ~~~~~~~ ~~~~ I~~~~~~~ ~~~~~~~~~~~~~~~~~ )- )- ),- C )- )-->. )- )- = )-

14 C C ‘~~~ W — — — — t~ U. $ I Ps I )- )- Cl C I )-)-  C)- )- I I
I + * ~ 4~~~~~~~’’ ~~~— . e: C-4~~~~~~~~~~~~~ r- I I C1~~~ 14 $ $ Cl • I

• . • .).
~~~ P PP.1 I 0 )( ~~~~~ 1 1 1 0 1 1  ~~~~L.)- .)-~~~~~~.r4 )- ~~~~~~~~~~~~~~~~~~~~~~~~

C C C  C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~)-)- )- L . C) - — —  ~~~C ) - — —  — — )-=
N II N I ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N N~~~ I N ~~~~~ CC  N ~~~~~~~~~~~~~~ N i

C P-14 N ~~~~~~~~~~~~~~~~~~~~~~~~~ I )( II )-~~~~~ P~~~ * U ) - P- ) - I - ) - ) - ) - P- ) - ) -)-)-~~~)-)-)-P-
— —~~~~~~~ I C 4  N N U ~~~~~~~~~~~ ‘UI 14 14CU.~~~~L.C N I ‘ * C ~~ N N I N C~~

In 9.~ In C 0. >C)- ~~~~)( )C ). = — = — — )-  C )- )- )-  )-)- — )- )- )-)- C — ) - ) - ) - ) -  C)-~~ - ) -> -

C C C  C
- ~~~~~~~~~InIn InlO PS CCI -~~

‘-4

N I l  N I N I I U N N N N * N N P I I N U U U N I U N N I I I I U N I N N N I U

• S • S S • • S S S • . S • • S • ~ S ~ • S S • • • S S S S ~ . S S S • S S S S

C — 14 In 10 PS C C — 14 P1 .e In 10 PS C C C — 1~ ~~~ In 10 P NO C C ‘~l 14 I~~ C In P. C

.~~~~In I n  101010 1 0P S P s P . P S P S P . P S P . P S P S N O N O N O N O N O N O C N ONO

— — — — — — — — — — — — — — — — ,_ — — — — — — — — — — — — — — — — — — — — — — —

— )

VII— 16

L- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 i-- - 0

. - - 
- -‘

— —~~~~ - _____



ii-~ :~ -:-- 
~~i’

—---
~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

----

~~~

-----—-

~~~

- 
-
~~~~~

=
— ----

~

--—-— - — -

~

--—
~~~~~

- - [ E-~VJER Earth Dams: Stability 
P*OJECT Design Sra nthrd

- ENGiNEERING
INC. - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  FI$.t No

CHICAGO COMPVT’ Bauer 
_ _ _ _ _ _ _ _  D*-r- 

4 5 6 7  _~~~~~~ 7 ,

. 0 -

- S -~~ C CI~. C
- — : — c u. C

C
U. ~~ ~~~~ . U. I-
— - C.c.4 U.
— — C • I. <p4 <
-u I--a I-C U . U .

0 In I~. Li. C.) C14
- 14 ~ == C

+ 
- 

(S CC. I n U . —

- 
~~~~

- ~~~N I n s  U. In

= C C —
— I P4 — 0
— — 

~~ I I -t.~— — ~sC s
— I -Cl ’% ~~~~~~~~~PS

> ).. U.UJ

$ S~ - = C’4
. a I - a)— ~~~~~~~‘.4 U. - I”~ ~ IU. 0C
S. Su. —C,. I - — —

— — = In — c U.- -Ifl 5 5
0 V — -I • 55. U . S .

— ,-$ )( — ‘-I I.. ~ 115 Q14
$ )~ P40. SI-

C. a v ~ I C 1 4 L
— 14 U. s— * IL

= 14 5 5 In— — — U. = . —ICI 2 q,I~
11 U — I n-  PCI  — ‘  U. s

~~ C a ~c + U. = U. — 0 1 4  V CS
~~~~ U.. + .

~~ (11 In ~~~~s I n S  U S
— ~~ • a ~ .)C a U. ~~

_ CC  I. _3 i 1  C U 1 I$  )( ~~~4

a a ~~ — 5. ). ) -  — U. ) —= U .
I-)- I C CCS x a - I-s~~ a s
t~.C  a a )C ~~ 415 a i’~ s
2 C C  I -P- U. a I— P-I -U. -

— UI In~ . — — U. ~~~G I 0  C I
O N  . — —~~~ CS U.~ ~~~~~~~ =Pl U. — U.

0. C C~-’ + - = • 0 I-— $ U.~~~I -s—P
— 0 0 0  ~~~ + U~ ~~~0 pd% s — s

— —  In ‘ ~~~~~~~ 41. VS ~ I— s ~~ CC ~~. >
I I  C C~~~ I — 1+I -L 0 — — ‘ 1 5  .s— U.

C 10 t I- L~ 
)( s C • CU. ...t C .s.. I

— —~~~ -‘I — — (15 0 — N O  In1U. N —CC —i
1414 0 In sa  aU — a In • C C —C
‘ ‘  PS 0415 4 1 5 3  >. s In s

— CU. U. -P .
~~ )- +~~~~~ — . — CUS P-

I— ~~~~- C  CC a a C—  U. C
I I — IA ~0. 0.- I— )C 

~~~ ~~~ 14 I C U .~~IU~~~
U . P P S  0+  + —  )~ )- s s C I .  C~~~PS>

0 
- C LI. S — 115 s= CS )‘C st~~~~~— s~~~~~ 

-

s ..~C C3 5-C U. ~~~~~~~~~0 C~~~ ) ( (S O C CI) - I n’ I
5-C ~~ S .— C I CC  “‘C C s— U. sOU s

,‘~~~~‘CI-S.P. ~ + + • S + )-- -. ‘ . -I s ~~I)C In ~~~~~~4 . )C-~~~0 
U.U. I — I n  I- I-~~ U. ’.-4 = ~~~S. LL. S.U sCU.~~~C s C O C S
P.~~~~~~~— U . U .~~~~~ =C1-Z=~~~ • L s’s I n C S  S. S. =<. S.C. •~~~
~~~~~~~~~~~~~ .1 ~ ~~I -~~~~~~ ~~~~N C. C. U. o — in sn is t .‘~ i) = p I— I - P .  I— V P— I— U. I -— P-
2 C  U N  U C  1 ) - I O U  1 1 3 N  * — ~~~ P—< < ~ ‘U. •<< U.<< <U.<I-CInInC. In) -P- I- I-~~~ ..C P - —  Z C P 4~~~~~~~~P-Z Z
— U .  ~~~~~~~~~~~~~~~~ X= N ~~~— C  C C CC S C C C . C  C

U.U. U.CU. 0= )( C I n C 0  0 - 0 000  s — C O  C 0 - .
0. 0. 0. — 0. — In C In VS 5< 415 ~~‘ VS V LI. 0. U. U. - LI. I -)- U. U. 5-C U. U. C U. I L U.

- Ca Ca •‘sa C.’a ea o a
• 01 CIA C InC 10 14 a C I A  0110 PS P4

Cl P PSIG CC 14 (~1
0 — — —— ~~,_ -

C
N
I.

* * I N N I N N P * U N I I  1 1 1 1 1  N S I S  N I I 1 1 4

C 1 4~~~~ ai . t10 P s C C l 0. - I14 r’~~a I n 1 0Ps NO Cl 0 ~~~~~~~ a IfI~~~~~~P
N O C C I C I C C I C C I 0 1 C I C I C © C  00 0 0 0  C C —— .-s i—I P4~~~~~

1 4 1 4 1 4 1 4 1 4  ‘.4 14 ( S C I  ‘.414 14

VII— 17

- 0 - 0 ~~~~~~~~ -~~~~~ ~~~~~~~~~~~~~ _0__ ~~~~~~~~~~~~~~ _ - —— — —~—-~~~—~~~~~~ - -~ -~~



-. 00 ~~~~~ -.~~~-- - . -‘--:i:----~ --

SAVER 
~~~~~~~~~~~ 

Earth Dams: Stability ~~~~~~ . Design Standard
I ENGINEERING

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _i INC. -

0 

- 

- 
~~~~~~~~~ Bauer ... DAT~ 

4~ ~ 67 •~~~ —

,S 
~~~~~

- s,, U) — — WI 10 a Cs UI ~~~~~~~-
~~ ~~~~ - 

• 0

- 
- Ai~ I 

‘
~~ 

p4 — — — 4 — — CS- 10

~s,_. 
~~ ~~ ~ 

.‘~v~ .) ‘. “- • 5 •*,

~~~~ ‘ — - C 0 I A  o iCInr-4 o-
-
~~~ 

(_ o Z 3 a.~’10In aW I~’%~~In ~~~.4 a W IC l~~~~C s O C s I nP .

\~~ ‘~~~~)- 
‘\ 

~‘5 ~ (U
~~\ ~~

- 
~~~- _ % ,. — 141414

* 

........:.
III.-
~~ C.
) C

C
- - U.

(41- I-I- I- I-O • 
U. U. U. U. -

~~~~~~~~ ‘ U.
- (.5115 UV) C

(4 - in us In c/S 11)
- • • • • . • • . . .

~~I .J IA I .4 IA $41 WI — P.15 4.4 P. a 1010 WI
- a a C

0 04 . 4  0 0 1 5  0

• I—
0 a . • - • I C.

P- I- 1 4 0 0
P4.115 lAIn C
— C’4 ‘.4 4 ,-4 .4 ,~4 — —U- 0 • 141• a lA  I— = - O

0”4 • U. I - —
IA — I I . 1 —

CIA U.

0 = = USC C (.5
— I— I 0 N C S • • S S S S • S S • •UJ— — 4 .4 0  C

WI .4 I- ~I I- a (ui 0 14CS~~~~~~~ I WI 0010 (U
N WI — N C.) ~~~ i U 1- ~~ CsP~~a C I 0 4( S a a- ,3

• C — 0 — 2
1, ~~C In-IC In-S (LI

N < — U .  — U .  C.) 0 1 I n ( SC a C S C S I n C I n —  0 
--* C N 141 ~~ U~S 0 14 01 10 WI — Cl P. IA a -.— = VS -.1 41) -I UI WI WI 1514 C

~4 14,-I ~~~ .4 ~~~

~~~I.II~~~ I— < I— < N WI14 0 0U3 141
P — C  U . C  C - - C(Li CI— UJ CP-~~~ I C U . a C l  UI

= U. (U )... $.. I- 0010 C
I- C I- U. 2 I-U. 2 .44.5 LII

I- = 0 —  = ~~~ — U.S (Il 
- 
0 C 10 WI “401 P. US WI

U. = .5 (~ .s (~ U. P. IA CO 4.4 00  WI P. ~~~~ *15 C 20 U .  .4— U...4— U. (U S S S S S • • S ~C O  — UJ 0 0 — I Q O O  ..I CJ 2
P-”... ~~~~~~ 0 —  — — 0100

- * = ~ U. In U, • ‘15 11) • C 2 0 — P4 — — P4 — “4 s—I s-I =0 
(~~ C. LII U. I -UI U. LII In C (U

0 — 0 .0  ) -— (UP — = ( U  I—— 0 1  I
1i40-~I C 2 0 0( U 00  < (U  0 0 

I-- - I-VS C C U U3~~~U U  ~~VS (.5 5-C )- 2

* 5-C . a • • . . a • • .is
CO 14 10 CO 4.410Ca)-

Vu -is
U)

- — - ..t -c-~ ~a*t*fH*

0~~ -- ~~~~ 0~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - -  -- ~~~- --— ~~~~~-.-.---~~~~ - -
~~~—- —-0~~~~~~~-~~ - . —



- ---: — - - - — -  
0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

- 

. 

• -i--: BAUER 
~~~~~ 

E3rth Dams: Stability ~~~~~ Design Standa rd
ENGINEERING ________________________E - 

INC. 
FI&.g P40 ~~ 

LI
— 

CHICAGO C4M,uV~~ 
Bauer 

~~~~~~~ ~~~~
- - —

~~~
_

~~~ 
~ , _••_ ~

- 

r—
~~~

3 I
~I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

( ‘~~~/~I P~d~ s#td~~~~~ - 9PIIft h~!d/ ~~~~~~ x ~~ ~ 8.is 0

~~ ~~~ 

~~~/e I ~~

• 

~~~~~~ 

~~~~~i 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0

0 

_  

_  

_

-- - 
-I 

~ 
~~~ ~~~ C CM~~~~~~ )~~~~ ~~~~~~~~ = ‘ ‘~~~ ~ \ 

- - 

I

U. 4~S#~6~’I i 0

0 5e~~~~t-p I 2.~~ ~3 -
~~~ 

.s. t 6 ~ 7 8
, .AX —38 -,‘~~; 1a za~ ‘~z bz ~ Z ,oZ.

- 
A ~ /27 /2~’ /23 // ‘7 irn’ /Q7 ?7 -

,; j. .‘ P4 ,s/ -. za/. ~S - ,i ’f/ i.co a / I~oO , ,1~/ I. 00 , 

~‘~t 
4~3 .SO/.2~. ~ b-f/17&c •7G1.fr*

57• ~~ 
t4~~~ ‘$97” 2~ .O 33.0 3?.O 9’$ 40.0 40.7 3&,o

- ,v ,s~Q - Z~ ’Q 13.0 3?.O J?.O i h1.4~ lAO 23.0

- 0 

~~~ 
— ~ d~J •3 - ~ 0 7.0 /s/~Q W.o Z&1.S ZZJ

: L 30 z .  ~~~~ Z~~~ fl . ~23 &Cg 30

- 0  2$O ~~.=~ ~~
: -  7.*$_ S~O $.o ~~~ S-zr S~?f ~ 4.SO ;.~ O

~~4 2q~~N’a ~ e.~1 /o .~ ,
~?;o /&J- /CP.S /‘f.~~~~ /z.zo q~po

. 
‘p ,~ 

~~~ 
~~ 

5
~~ /z. ,, ?.r, ~0 ‘% L~ 2 6 ii, 7$’ a’?. zr ~ M. 70 

,Z 3~ 0

~ 
—i -- 

I ~~. 
_ _ _ _ _  _ _ _ _ _  

I

( p=  — 7 .~~ # 
~~

:- - c97’2 
~ P S  = 

,q~~, ~~/1~4~~./ _ 
~~~~~~~~~~z -z-~ #“/V~/ 

I ‘ 8Zz ~ / Z S~
VII-19 ~ ~~~~~~~~~ I. ~ $7 )~, ~~~~~~~~~ ~~~~~~~~

~~~~ 
jws#~

,
~ ~~~~~~ ~ o~, ,~.

L~~0 _ _  
--  

~~~~~~~0~~~~ ~~5 - 

~~ -~~~-~~~ - --- ~~~~~~~~~~~ 
—  ——~~~~~ ~  ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r ~~~~~ 

—- 
~~~~~~~~~~~~~~~~~~~~~ - — -—- ----~~. ~---~~,-~~:=_• ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ 

- ~~~~~~~~~~~~~~~ 
— --,- 

~~~ 
.

- • r-:- 
~~~~~~~~ SUIJICT Earth Dams: Sc~bi lit v ~~~ Desi~n Stiridard

I - ENG NEERING 
_________________________

________________________________________ 
,s1.t Na

- I INC. Bauer 
__________ 

4-5-67 10
. 

CNICAGG CoM.U1I~ 0.cc*r— D*T~ - *‘

- ~ ~~~~~~~ ~ 
,ca-

~ ~~I- ~~I’ 
_: 

~~~~~~~~~~~~ , 
~~~~~ t~3 ~4’$ ~~ / ~,$/ ~S ~1$ /.‘~f ~~~~PI1t I1~~//~’f

.7 ~~~~~~1
’d ~ ~~S~~,~

7Mt~~~~~D$ .

- ,v0 ~~ /4,’ ,,c~
, 

~~~~~~~ ~~ /~~ ‘~~
, 4, t,~ 8 j/,1e’e.s ~s

/0 2 7~ J’ ~~~~~ . / I~ r~a)~PlJ 4 $dOA~#,,,:~: P~~~~~’~~’~~~~~

~~
ccef

~
rc

~~
iO

~ 
S 0~~04~ Si t4;3 ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

~~~~ ~ 
- 

~~
, • C ~~ ~ 2 WI 9 a ,j ”. ~~V ~~~

. 74’~ ~~ ~~~~~ 
f,.p ~~

0 

~~~~~ _//~~ ~ i
c 

~~~ ~~~
i 4•I~I~4O.~ ,J~ ó~y ~~~~~~~~~ f/ Ô.~1 d ‘ Y1 

~ 
I 2

5~’ 0
’_ -= / 2  Z .r, - /Z  - . /I$~ 

‘
~ 7;~c #‘~~ ‘~-,t ~~~~~

1$ ~~~~ Ace ~~~~~~~~~~~~~ ~ 1~ ~~ S~ A
• /‘~~ ~ /Js I

/ 4~’.1 0
0 ~d 7’ f#f~ ~~~~~~~~~ ~,7e t,c~ £:P.lk . ;‘;6~ A;?s~~ P 7~ ~~~~ ~~~ =

J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~
&VS 

f4~ a Ic~~,~~i ~ ~ ~~ $e~o,s ,,n~~ e/i’~~ Z’ ,J:

~ •s. = 
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~ / ,7 7
— 

t 67#Z~ i• /~~~~
- 

-
- 0 

~~~~~~ ,~ 7z(.

- 
- 

/‘l g eII~~ e1wi1~~ /i 
tl;—.4 ~~~~ ~~~

~~~~~~~~ - ~~~~~~~~~~~ 
~~~~~~~~~~~~~~~ F ~~~~~~ 

g 
~~~~~~~~ e’,4~’cf ’

- ~/9
_ 

-r~ 4~~( - Il/ tn

- ,‘,,7~ se;s,,i~ V,•
~~~tloA.4 ~~~~~~~~~~~~~ ~ 6~nvI.~M~aø~7’ .i? f$~st/~!

~ 
1’~p~~/a#’• ~e~-ioI - 

Move sw~~i ~4~’~4fr P~eM ’~”~~ 7 - 0
• 

- 
I o~I0 O.ZC ,t1e. 0.01?.’ 50 0. 23”
2 ~ 

- 

~~~~~ o. z.r$#C . o.ooé ’ 1

~ ~ ;#T’g a 2C ’x . ot~-r ~,0~b2r =. 
‘~~~ 
/‘

~

• 
- ~?e’f / ~c7m . - -

~~~~

- VII— 2 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~--0-- 0-0-—---—-——--••*- .--- . 0~ 0~0~OOI~’~~~• • _0___- ~~~~~~~~~~~~~~~~~~~~~ — — __. __.____.________ -a--S- — —j -~-~ —La~~ -~ —-~~ — -.



AD *073 631 BAKER (MICHAEL) a INC BEAVER PA FIG 1312
NATIONAL DAM SAFETY PROGRAM. LAKE OF THE w000S, INVENTORY N*Mfl E—ETC(U)
MAR 79 M BAKER DACW6S— 76—O—0016

UNCLASSIFIED Pit.



1.0 ~~L L

II LI ‘~ lIi~i~a_

___ HI~ II~
•

H
MICROCOPY RESOLUTION TEST CH~~T I

NAIIONM. 8UR(AU OF SThND*ROS-I%3~



- _ _ _ _ —
BAUZR 

~~~~~~~ 
Earth Dams: Stability 

~~~~ 
Design Standard

INC. Fg~.gNe

COM.U~~~~ 
Ba uer 

_________ O&~~ 
4 5  ó7 p~~~~~ 11 _, -~~

I
~Sq ~~
• S . .

• _t . S • S • • •  • • •

• 
— ~~oo 0 0 0 0  0000

—

H 5 •

3

r
00 00 . . . • • • • .

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~a a
• 00(4 0 1 1

00.  ~~oa I-
• . . S S S

~~ 00 ~4 c o i *A — I~ 4 IA r40 1% IA

L&, u. ii. .-s ~~ IA IA g 0 IA ‘~~ ?. 0
_ ~~~~~ — — “0 ’

L. • •IA I =
ci’ U. ~~IA S • S

_ 
0 U.

C — —
~ 

IA

~~
— I 0 I 0 • • 5 • • • •

—

• ,.
~ -~ $- ..J I- i

U •‘i — I C.) — U C.)
• C — 0 — = o 0 0 I AI S 0 0 0I~~~

Z 0 ~~ ~~ ~~ I~ 00 a D~% 0 01 00

• —~~~ —~~~• C $ W O
• t. 14.J (j)~~$ lii

-
~~~ ~~~Ia.* < •

W
• _ C  U.== U. = • .

112 0 1 III 0 ~~ I ~ U. 0
• 1 1 000
• _ I-0 I- u. I-u. ~~~~

~~~ ~~~~~~~~~
— ~~~~~~— 111< iii o o i a a-~o I A~~~~~

• U. .~ C, .~ C >li. 1
o ’ — t ~ ~ J — u.~~~— t . ~ 

)— . 5 . 5 .. . . ..

00 ~~ % L t Q Q — ~ i&O 0 -I C.) =
— o~~~— o~~~— — —

~1 U) .10) Il) • C
• ~~ 

lii U. 112 1~ 11214
—~~.0 ~~ — W I —~~~W I—— 0 I I

• 11J0~~t ~~~~~00~~~~~00 ~~~~ 0
~~~~~~U) ~~~~~JU~~~~~ C.)C.) ~~~~

a
~~~ I • S S S • • ø  S I

• 0C4 IO 0a0I4I~~0.V

VII— 21.



• —‘-——‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

• : • 

• 6W~~ 
Earth Dams; Stability ~,~~~ Design Standard

I INC.
— [ Biuer cs:ca c~ OaY’ 4 5 6 7  •~~~ 12 ., ~~~~~

— ~~~4*1fl.f Pi~~iW - -.7~ ’f M’~ OPJ —ioô #6~~9i

~~ ~~~~~~~~~ 7~d1~it i’~~~~~ 10f ~~-‘-c -(6114 .7/ ’~4i~/ ”4- i~
~~~~~~~~ ,,‘ ~~~~~~~~~‘ I _ _ _ _  _ _ _ _  

_ 
_ _4 ~~€9W~~ • 

,~~~~~

• 

~~~~~~~~~~~~~

4 JOIL T~Ca~’R Co4es,e’i ’ / 
f7V1°.S 4A ~~~~ 

a- ~

• r 
—

• X 83 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

a i ‘
.0

• t 90
.0 • 

_ _ _ _ _ _

t2. -

~~~~~~~~• I • 7 & •  • (
~ Z ‘To _ _ _ _ _ _ _ _  ~~~~‘.-‘—~ ‘-I
+ ~~ 81 ~o . Z 2  1’
• • • ,4~~/S7~ ~E /7EA1~

I 
_______________ _______________ _______________• 30

• 

. • \ 
a 

$

• 

• 

Ang/c ’~ ( ‘~ ‘1
o# •

‘___
~~~~_ 1 I

—
• / ‘,i’emif~~

• fl/.%.d’ ~~~~~ 7— • \
.0~&lhp~11J )~ /C9Q10P~~
/~/7,- ,i ~~~ ,pt s7~

~~~~ 1/ , ,c~~i. ,~,• 1L~ ~~~~~~~~~~~~~~~~

NOJ’~ t~
(
~t n~os~~ •i~ /4 ~~~~~~ a,

7~~~ 90~~, ~4#i~W) da~,,*’e7~’o.i ~~~~~~~~~~~ ~~1Z
• p,i-a ,~i.s~,// ’.t ~~~~ p4~~

/ ..~
, .~~ ~~~~~~~~~~ i4#4~’ 4 .

0
~’~ ~~~~~ ~~~~~~~~~~~~ 

2O 40 JO
he I./s. ~

, /As c VII- 22 ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘4

L±1:I1I1t I~•.J1I TI1.~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~J



— — —— • .~t_ Z~~~~rr~~~ 

4

• : 
- Earth Dams: Stability ~~~~~ Desi~u Standard

• • EN 3INZER NG 
_________________________

_____________________________________ 
Fi~s t4o

4 Bauer _________ DA? . 4-5..67 ,, ~ .

_ _ _ _ _  ~~~M~//~~i ~~~~Oiii~t ~~~~~~~~~ P~%f W0Q~0), JI~ “~ ~ d 9~• •-—-•—
~
—f—- —: • •

“~°‘~~ ‘ “ ~“~~~
‘

- • / - 
“ I- ~~ ~~~~~~~~ i~~~~/ 

•,.c

• • i~~~~.-
’ ‘~“~‘ ‘~~~“s~d’

• •1
zoO - _________ _____ -

• ~—r ‘~“4 .
__ _

3

~~ I ~~ j s,.,d,t,o,V

6 
• 

• 
_ _ _

• 70 30 to ~~ ($~ z#r~/ed~•% ,4,4_c4~t~ .v~a~v4 ’S~~

• 

• 

I

•

a, 
_ _ _ _ _ _  ~~~~~ 

c ; fr~./.#e A

20’
• 

• • .
,v<’• I .

• 70 60 90- 9~ IVO

- • ~rgsq~

I’

VX I—23

• 
_ _

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• ‘ - -

~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ____  

- 

•‘ 

• 
_ _ _ _ ______________________________  a)— —- ~~ Aa 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - —



r -~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ________________________________________________

___________

- 

- swa~ ,,~~~, Earth Dams: Scabthcy 
~~~~~~ 

Design Standard

INC. Fi~*N. P
• 

• Bauer 4-5-67 
•~,• 14 _

— _ _ _  

ftt4ØLI ~~~~~~~ L -0 ~~t’od j1J 1 I/a~
Ø

• • • 

I 

—

-

• - ____________ ____________ _____ _____

4 
•

/00 • -• 70 So

T. ~44.~4~O ~~~~~~~~i~~s

— 

V. 3.4/ ,#/~/ ,~‘ ~~~~~~ ~~~ J.,~i.,.ahisd ~w,’~F
• AAS#O1 ~~~ /~~~m / j ~’r,p~f,~os j i6u.. /‘sts ?t.r#7

/ ~~~~~~~ ,•~ 
//_f 

~~~~~~~~ 5Z~~ /h~4.P
Z ~~~~~~~~ £ 8S~ ‘Is ,4.# Zs~ ~~~~~94’ £ a.4zr

• a

t

¶111-24

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ _



- APPENDIX VIII

REFERENCES

j

c

ii. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

•

~~~~~ 
-~ - - . 

_
1__• _ ••

~
••••.••i— —•-• ~~ ••—• — —-—— 

- • • • - •.•-•-.- - • .
~ 

- ) .• ••.

•~~~— - •-~~~~~~~~-- ~~~~~~~~~ • — • - • •---- ~~~ —



- --
~~~ 

-
~~~~

-
~
—— —

~
- - -

~~~
—-—

~~
-—

- -- - .~
_-~— •• ,.- .-L j, •,nLar., : :  u .

-
—.,wnr rw • ~~~~~~ C::’’ -

REFERENCES

4
1. Bureau of Reclamation, U.S . Department of the Interior ,

• Desi9n of Small Dams, A Water Resources Technical
PublicaEon, Reviled Reprint, 1977.

2. Chow, Van Ta, Handbook of Applied Hydrology, McGraw -
Hill Book company, New York, 1964.

3. Chow0 Van Te, Open Channel Hydraulics, McGraw - Bil l
Book Company, New Yor~I, First Edition, 1959.

4. Commonwealth of Virginia, “Geologic Map of Virginia,”
Department of Construction and Economic Development,
and Division of Mineral Resources, 1963.

5. King, Horace Williams and Brater, Ernest F., Handbook
of Hydraulics, Fifth Edition, McGraw - Bill Book Company,
New York, 1963.

6. Soil Conservation Service, “National Engineering Handbook
Section 4, Hydrology,” U.S. Department of Agriculture,
1964.

7. Soil Conservation Service , “National Engineering Handbook
Section 5, Hydraulics, ” u .s. Departm flt of Agriculture.

8. TJ.S . Army, Hydrologic Engineering Center , “Flood Hydrograph
Package (NEC-i), Dam Safety Investigations , Users
Manual , ” Corps of Engineers, Davis, California, September
1978 .

9. U .S . Army, “Inventory of United States Dams,” Corps of
Engineers, 9 September 1978 .

10. U.S. Army, Office of the Chief of Engineers, “Appendix D,
Recommended Guidelines for Safety Inspection of am.”
National Program of Inspection of Dams, Volume 1, Corps
T~~i5~iineers, Washington, D .C., May 1975.

11. u .S.  Army, Office of the Chief of Engineers , Engineering
Circular EC- ii10-2-163 (Draft Engineering Manual),
“spillway and Freeboard Requirements for Dams , Appendix C,
Hydrometeorological Criteria and Hyetograph Estimates , ”
(August 1975).

j 12. U.S. Army, Office of the Chief of Engineers 1 Engineering
Circular EC-lilO-2-l88, “Engineering and Design, National
Program of Inspection of Non-Federal Dams,” Corps of
Engineers, Washington, D.C., 30 December 1977.

NAME OF DAN: LAKE OF THE WOODS
¶1111—1

I
-S.-- - ‘•

~ • 
• . 

• -

- • — a-- . ~.-• - • • - • - • •- .•• -~~ 
• - -



I
13. U.S. Army, Office of the Chief of Engineers , Engineer

Technical Letter No. ETL 1110-2-234 , “Engineez~ing and
Design, National Program of Inspection of Non-Federal.
Dams, Review of Spiliway Adequacy,” Corps of Engineers ,
Washington, D.C. ,  10 May 1978 .

14. U.S. Department of Commerce , “Technical Paper No. 40 , 1

Rainfall Frequency Atlas of the United States for Dura-
tions from 30 Minutes to 24 Hours and Return Periods
from 1 to 100 Years , ” Weather Bureau , Washington, D.C.,
May 1961.

1 - -

t

/

NANE OF DAN: LAKE OF THE WOODS
vIiI—2 -

! -

- - _
•

•-—
~~~ 

-
_ I

— .--• - -••-• -.•-•-.••

~

•—

~

—— -—- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ ~~~ _~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


