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20. Abstract }

Pursuant to Public Law 92-367, Phase I Inspection Reports are prepared
under guidance contained in the recommended guidelines for safety
inspection of dams, published by the Office of Chief of Engineers,
Washington, D. C. 20314. The purpose of a Phase 1 Inspection 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 inspection. Detailed investigation and
analyses finvolving topographic mapping, subsurface investigations,
testing, &and detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended to identify
any need for such studies.

Based upon the field conditions at the time of the field inspection and
all available engineering data, the Phase I report addresses the
hydraulic, hydrologic, geologic, geotechnic, and structural aspects of
the dam. The englineering techniques employed give a reasonably accurate
assessment of the conditions of the dam. It should be realigzed that
certain engineering aspects cannot be fully analyzed during a Phagse 1
inspection. Assessment and remedial measures in the report fnclude the
requirements of additional indepth study when necessary.

Phase I reports include project information of the dam appurtenances, all
existing engineering data, operational procedures, hydraulic/hydrologic
data of the watershed, dam stability, visual inspection report and an
assesgsment including required remedial measures.

SECURITY CLASSIFICATION OF THIS PAGE(When Data Bntered)
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PREFACE

This report is prepared under quidance contained in the
Reconmerrdad Guidelines for Safety Inspection of Dams, for Phase 1
Investigat.ons. Copies of these quidelines may be obtained from
the Of fice of Chief of Fngineers, Washington, D. C. 20314, The
paupose of a Phase I Investigation is to identify expeditiously
hose dais which may jose hazards to hunan life or property. The
annecnownt of the general cordition of the dam is based upon
available data and visual inspections. Detailed investigation, and
analyses invwolving topographic mapping, subsurface investigations,
testing, and detailed cumgutational evaluations are beyond the soupe
of a Phase T Tnvestigation; however, the investigation is intendad to
identify any need for such studies.

In reviewing this report, it should be realized that the r¢jorted
cordition of the dam is hased on observations of field conditions at
the time of inspection along with data available to the insjpxction
team., In cases where the reservoir was lowered or drained prior to
inspection, such action, while improving the stability and safety of
the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected
under the normal operating enviromment of the structure.

It is important to note that the cordition of a dam depends on
numerous and oconstantly changing internal and extermal conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present condition of the dam will ocontinue to represent the
condition of the dam at same point in the future. Only through
frovuent inspactions can unsafe aondit ions be detocted and only
through continued care and maintenance can these corditions be
prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
ard hydraulic analyses. In accordance with the established Guidelines,
the Spillway Test flood is based on the estimated "Probable Maximum
Flood" for the region (greatest reasocnably possible storm runoff), or
fractions thereof. Because of the magnitude and rarity of such a
storm event, a finding that a spillway will not pass the test flood
should not be interpreted as necessarily posing a highly inadecuate
cordition. The test flood provides a measure of relative spillway
capacity and serves as an aid in determmining the nead for more detailed
hydrologic amd hydraulic studies, considering the size of the dam, its
general condition and the downstream damage potential. l




PHASE 1 REPORT
NATTONAL DAM SAFETY PROGKRAWM

BRIEF ASSESSMENT OF DAM

Name of Dam: Fawn lake Dam

State: Virginia

Tocat ion: Spotsylvania County

US13S QUAD Sheet: Chancellorsville, Virginia
Coordinates: lat 38° 15.5' long 77° 42.9'

Nate of Tr-~pection:  April 20, 1981

\

\ 4 . .
Fawn lake.bam 1s a homogeneous earthfill structure about 2230

ft long and 63 ft high. The principal spillway consists of a

rectangular reinforced concrete riser (9 ft x 3 ft) and 240 ft of 36 inch

diameter concrete discharge pipe. A 200 ft wide carthen emergency spillway

1s located at the left abutment, 3.5 ft above the principal spillway.
The dam is an intermediate size structure and is assigned a significant
hazard classification. The dam is located on Greenfield Creek, in
Spotsylvania County, Virginia. The lake is used for recreation and is
owne«d and naintained by the Tnternational Paper Realty Corporation.

Based on the criteria established by the Department of the Army,
Office of the Chief of Engineers (OCE), the appropriate Spillway Design
Flood (SDF) for the dam is the % PMF. »The spillway will pass 45 percent
of the Probable Maximm Flood (PMF) or 90 percent of the SDF without
overtopping, During the SDF the dam will be overtopped by a maximum of
0.1 ft for a period of 1 hour at a maximum velocity of 1.7 fps. [\he
spillway is judged inadeguate, but not seriously inadequate.

The visual inspection did not reveal any problems which would

require immediate attention. A better vegetative cover should be

established in the emergency spillway. Several eroded areas existing - .

-
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" on the downstream slope should be examined during normal maintenances
Increased erosion will require local regrading and reseeding. . Seepage
areas described along the left and right downstream toe of the embankment
should be nonitored quarterly, Seepage along the right downstream toe
occurs near the former stream channel and, therefore, should be carefully
monitored to insure that increased flow or piping does not develop
within the embankment. - An emergency operation and warning plan should
be developed. Furthermore, a staff gage should be installed to monitor

water levels.

A summary of the design stability analysis of the upstream and

downstream slopes under steady seepage conditions was reviewed and
found to be acceptable. The factor of safety for rapid drawdown with |
respect to the upstream slope was less than one. “The upstream slope
r does not meet the guidelines recommended.by the Department of the Army,
Office of the Chief of Engineers for earthfill dams subject to rapid
o drawdown)_— Consequently, it is recammended that any future lowering or

draining of the lake be made at a rate of not more than 6 inches per

day in order that a "rapid drawdown" condition does not develop. I1f !
this is not acceptable, it will be necessary to construct a properly w

designed toe berm.




D et 4

AR

SCHNABEI, ENGINEERING ASSOCIATES, P.C./
J. K. TIMMONS & ASSOCIATES, INC.

Ray E. Maftin, Ph.D., P.E.
Commonwealth of Virginia

Submitted by:

Original signed by
Carl S. Anderson, Jla

carl S. Anderson, Jr., P.E.
Acting Chief, Pesign Branch

Recammended by:

Ori~inal signed by,
JACK G. STARR

Jack G. Starr, P.E.
Chief, Engineering Division

Approved:

Original signed bys
Douglas L. Haller

Douglas L. Haller
Colonel, Corps of Engineers
District Engineer

AUG 6 1381




Lake

Overview Photographs




SECTION 1T = PROUECT INFORMATION

1.1 Gereral:

1.1.1 Authority: Public law 92-367, 8 Aucust 1972, authorized
the Sccretary of the 7uamy, through the Corps of Engincers, to initiate
a national program of safety inspoction of dams throughout the United
States. The Norfolk District has been assigned the responsibility of
supervising the inspection of cdams in the Comonwealth of Virginia.

1.1.2 Purpose of Inspection: The purpose is to conduct a

Phase 1 inspection according to the Recommended Guidelines for Safety

Inspection of Dams (see Reference 1, Appendix V ). The main respon-

sibility is to expeditiously identify those dams which may be a potential
hazard to human life or property.

1.2 Project Description:

1.2.1 Dam and Appurtenances: Fawn Lake Dam is a homoueneous earth-

fill structure approximately 2230 ft lona and 63 ft high.* The crest

of the dam is 17 ft wide, and side slopes are approximately 2.5 horizontal
to 1 vertical (2.5H:1V) on the upstream slope above normal pool and

3H:1V below normal pool, and 2.5H:1V on the downstream slopes of the

dam. A 10 ft wide berm is shown on design drawings at elevation 336.5
msl along the upstream slope. The crest of the dam is at elevation 343

msl.

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




The dam is weyes? tnto the o oebat fon and the o
drainage system with a € inchdrainoutler . to et 1
enbarvanent slopes and  riyrap aloneg the up=trow 0 o0 0 o e
levels provide slope protection.  (See Plate 9, Suae . w
The principal spillway consists of a 9 ft » 4 11 -
reinforced concrete riser inlet. The riser @8 owows=eas ¢ o

diameter reinforced concrete outlet yipe which rmuns *ion yu ool
The riser crest elevation i1s 335.5 msl. A 30 inch diareter ¢, . =
gate 1is located 112 ft upstream of the riser on a 30 inch &
concrete inlet pipe at an invert elevation of 286.4 msl, and .& .wa: ®
drain the lake. The outlet pipe is 240 ft long and the invert ¢ .o it
at the outlet structure is 281 msl. ({See Plates 5, 7 and 8, ~yi»:iii>
The emergency spillway (EMS) consists of a vegetated channel
located at the left abutment, with a crest elevation of 339 msl. Tt
emergency spillway is 200 ft wide, has 2H:1V side slopes and is i:. &
cut section. The approach channel to the EMS is approximately 18( ::
long at a 20% slope rising up to the control section. The discharae
channel gently slopes away from the control section and intersects
the stream approximately 500 ft downstream of the dam toe.
1.2.2 location: Fawn lLake Dam is located on Greenfield Creek
approximately 5.5 miles southwest of Chancellorsville, Virginia.
(See Plate 1, Appendix I)

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

mediate” size structure based on its height and maximum lake storage

potential.
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1.2.5 Owneership: The dam s owie-? o
International Paper kealty Corjorat.on.
1.2.6 Purjose: Recreational.

1.2.7 Design and Construction History

L e N R Y

r The G was oS el

and constructed under the supervision of uible ant Assiw . ates. e

structure was constructed by Bishop and Scttle wxl aurglotea: (o

1975. Riprap was installed on the upstrear slope 1n 1980 in acaxT amc

with design developed by J. K. Timmons & Associates, Inc.

1.2.8 Normal Operational Procedures:

ungated, therefore, water rising above the

VT, -
JORTE AN

The vrinciial s

r Tt

Croest OfF e rose

is automatically discharged downstream. Normal pool 1s maintained at

elevation 335.5 msl at the crest of the riser. Flood discharaes whi.ch

cannot be aksorbed by storage and the riser, flow throuagh the

emergency spillway at pool elevations above 339 msl. The 30 inch

diameter gate at elevation 286.4 msl is manually operated, and is used

to lower the lake below normal pool.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 4.14 square mles.
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TABLE 1.1 DAM ANL KFESERVOIR LATA

e Resex\'o_li o
Storage
Flevation Voloae
foet Area AcCre watershed length
Item msl Acres Feet Inches Miles
reest OF Dar 343 352 7472 34 1.8
Dmeradency Spillway
rest 139 315 6084 27.5 1.6
Principal Spillway
‘rest 335.5 285 5113 23.16 1.4
Streambed at Down-
stream Toe of Dam 279.8 - - - ~
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T, b Nlierta, Vongioraa, Teesaign dbrtawsiegs awd roasats are v b a lo

Stam the Intomatiacal ageer Realty Corporation.

The dam was designed to ascarymdate a 50-year rainfall. Rainfalls
of yroater Jagnitude tan the "0-year oo rence will disclarge
through a 200 ft wide amergency spillway in addition to the principal
sp1llway. Design was hased on future runoff conditians in accordance
with develojment plans for the drainage basin. The design highwater

for the lake permits a 3 ft freeboard.

The principal spillway was designed as a drop inlet structure

~ o aoat Wf

2t g of a remnforcad conerete riser, a transition section at
the base of the riser, a 36 inch oconduit and a plunge pool at the
outlet end of the comduit. Seven reinforced concrete anti-seep collars
spaced at 24 ft intervals were installed around the principal spillway
pilpe upstream of the drain trench in order to control any potential
plping problams along the pipe. Details of the principal spillway and
riser are presented on Plates 5 and 8 of Appendix I.

A subsurface lnvestigation was conducted at the site by Gnaedinger,
Baker, Hampton and Associates during the 1nitial design stages. The

investigation oconsisted of drilling seven test borings along the center

line of the dam, two probe holes along the pipe line ard eight auger




feles wathinrs the borros arcas. Test boring Togs o] oot ated

cabsar Tace jrotiles for b ogs made along the contor ine of the Gam
arca are shown on Plate 4, Appaadix 1. The geotachnical rejort,

with reammexdat ions, was propared based upon the tost boring wd
laburatory test data. The text of this roport is iwluded as
Appendix IV,

The dam as designed is a hamogeneous, oorpactad-fill earth
ambankment constructed fram ML, CL, SM and SC materials derived fram
designated borrow arcas and the amergency spillway. A thin layer of
topsoil was required to cover the ambankment. Details of the dam and
emergency spillway are provided on Plate 3, Appendix I. A typical
section of the ambankment and construction specifications for embank-
ment fill materials are presented on Plate 5, Apperdix I. A toe drain
(i.e., druinage blanket) consisting of permeable filter material over
a width of 30% of the dam height was recorvwnded 1n the design report
for the downstream toe. Onlyone toe drain cunsisting of 6" draingipe
as indicated on Plate 6, Apperdix I was constructed beneath the downstream
slope.

The design report recammended that the core and ambankment fill
be placed in 9-inch layers amd compacted to at least 90% of maximumm
dry density in accordance with ASTM D-1557, Modified Proctor.
Specifications for the fill work provided on Plate 5, Appendix I
appear to generally comply with tris reconmendation.

Design drawings show the dam being founded on overburden soils
and includes a 15 ft wide cutoff trench, which extends the length of

the dam axis. This trench has lH:1V design side slopes ad it was
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recomnended by the geotechnical consultant that, "Material used to
construct the core should be obtained from Borrow Arca 3. This material
should contain as much clay as possible." Details are given on Plate 4,
Appendix I. The design report stated that if a positive cutoff were
required, it was necessary to extend the core at least 10 ft into sound
rock. On the other hand, if a positive cutoff was not required, then it
was recammended that the base of the core trench extend a minimum
depth of 20 ft below the base of thedam. The drawings give a planned
depth for the core trench of about 10 to 20 ft. We understand that
portions of the cutoff subgrade were observed by Quible and Associates,
but that no written record of the subgrade materials is available.

The emergency spillway was designed as a trapezoidal channel and
is located adjacent to the left abutment. It was formed by making a
cut across a broad hill into residual soils. These soils appeared to

consist of SM, ML and CL materials with assorted amounts of gravel.

The crestline of the 200 ft wide spillway is at elevation 339 msl, an
elevation which would have a frequency of use less than once in 50 years.
A design stability analysis was performed by Gnaedinger, Baker,
Hampton and Associates. Details of this analysis are presented on

pages 7, 8 and 9 of the Design Report (Appendix IV).
Effective strength parameters obtained on campacted samples

were as follows:

at
[}

g = 26° 9 psi

6.5 psi

0l
i

g = 30°
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Stability analyses woerce made for stoady state and sudden
drawdown conditions for water at maximm pool level. A1l factors of

safety prove adequate except a toe failure comdition of the upstrcam y

embankment during sudden drawdown. A toe berm along the upstrcam face 5
was recamended in the report but was not provided. The design drawings
indicate no berm was provided.

2.2 Construction: The construction records were not included

with the information provided by the Owner, and only incamplete

records were obtained from Quible and Associates. No records of the
actual embankment materials used, compaction of fill attained, or
cbservations of cutoff trench subgrade materials were provided.

During a 1979 dam inspection requested by the owner, considerable
erosion at pool level was observed. It was recammended that the

riprap be placed on the upstream slope to provide slope protection.

In compliance with this recommendation, J. K. Timmons and Associates,
Inc., were contracted for design of the riprap (Sce Plate 9, Appendix I).
The riprap was installed in the summer of 1980.

2.3 Evaluation: Design drawings are representative of the structure
and hvdrologic and hydraulic calculations were available. There is
sufficient information to evaluate foundation comditions and embankment
stability. Recammendations made by the geotechnical consultant, which
were not included in the design drawings, are as follows:

1) No riprap was placed along the upstream slope
at pool level. L

2) A toe berm was not shown for the upstream

slope.
3) A drainage blanket was not provided beneath

the ambankment. Instead a toe drain was constructed.

-12-




SECTION 3 - VISUAL INSPECTION

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

3.1.1 General: An inspection was made on April 20, 1980. The
weather was cloudy and windy and the temperature was approximately 55°F.
Light rain had occurred earlier in the morning prior to the inspection.
Ground conditions were wet at the time of the inspection. The pool and
tailwater levels at the time of the inspection were 332 and 280 msl,
respectively. The lake level was approximately 3.5 ft below normal.
A Phase I type inspection was performed for the owner by Schnabel
Engineering Associates, P.C./J. K. Timmons & Associates, Inc., on June
5, 1979.

3.1.2 Dam ard Spillway: The crest and slopes of the embankment

are grassed and well maintained. Vegetation along the emergency spillway
was also well maintained but sparse. Several eroded areas exist along

the upstream face below the riprap due to wave action and lack of vegetation.
Two stabilized eroded areas approximately 20 ft wide and 1 ft deep were
observed on the downstream slope to the left of the principal spillway
outlet. Both areas were grass covered. Scattered erosion approximately

1 ft wide and 1 to 2 ft deep was also noted along the right downstream

abutment. This erosion appears to be caused by runoff. Scattered

shallow washes or eroded areas also exist along the downstream slope

and within the lower portions of the emergency spillway.




The principal spillway 1iser, outlot pipe and plage ponl aid
not reveal any signs of deterioration.  The drain valve on the intare
structure was in good ojuvrating condition according to Mr. E. Wehb,
since it has bren in use to control jool levels during recent repair
owerations. A six inch toe drain ostlet is located to the richt of the
outlet pipe. Flow fran the toe drain was clear wd ostinated brotween
2 - 4 gom. This is similar to flows obscirved in the 1979 inspection.

A continuous wet area approximately 1000 ft in length occurs along
the left downstream toe (see Field Sketch, Sheet 1, Appendix 1I1I). Scattered
clusters of cattails and marsh grass are present in this area. No flow

was observed except where natural sloping ground conditions exist. The

water was denerally clear and little or no iron staining was observed.
This area was of initial concern during the 1979 inspection. During that
inspection several hand auger holes were drilled along the left toe of the
dam necar the cemeteries, beside wet arecas. These holes did not fill

with water and it was, therefore, concluded that water was not passing
through or under the embankment at those locations. At other nearby

locations water was standing at elevations estimated several fect above

and beyond the toe of the dam. Wet conditions are probably related to
springs which were reportedly in existence prior to construction.
Seepage was also observed along the right downstream toe in the
same area it was encountered in the 1979 inspection (see Field Sketch,
Sheet 1, Appendix I1II). This area reportedly bounds the former stream
channel. Essentially no erosion was encoutnered on the embankment.

The presence of dead trees make this area suspect as to whether this

seepage is related to previously existing springs or in fact related

A -
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1o seviarge wder the cinbanranent ajong the former stream channel,  Thye
water apparad clear and ittle or no 1ron staining was obscrved.,  No
flow was observed.

3.1.3 Reservoir Area: The rescrvoir area was froece of debris and
the perimeter was wooded on all sides (Overview Photoraph, Page 3).

The reservoir 1s located in a natural valley with side slojes at
approximately 4H:1V. No scdiment build-up was obscrved.

3.1.4 Downstream Arcas: The downstream channel showed no erosion.
Patches of cattails were scattered throughout the channel. The channel
is approximately 3 ft decp and 20 ft widewith 2H:1V side slojes. Along
either side of the channel is a broad floodjlain with gentle slopes.

It is heavily wooded beyond the intersection with the ameracncy spollway
and discharge channel. The floodplain is approximately 500 €t wide., Two

dwellings located on Virginia Route 649 at the Po River ajjroximately 4

miles below the dam are situated within the floody lain arca.

3.1.5 Instrumcntation: No instrumentation (romrents, observation

wells, piezometers, etc.) was enocountered for the structure. A staff
gage was not observed.

3.2 Evaluation: Overall, the dam apjxared to b in aood condition
at the time of the inspection.

3.2.1 Dam and Spillway: The vegetative cover on the embankment

and emergency spillway appeared to be well maintained. Veagetation in the
emergency spillway is sparse and reseeding is recomnended to restrict

surface erosion. Erosion on the upstream face below the riprap 1s the

result of below normal lake levels. This erosion is not oconsidered a




problem unless lake levels remain low and the riprap begins to be under-
mincd. Frosion obscrved along the right downstrcam slope-abutient
contact and also to the left of the principal spillway outlet should be
monitored. Increased crosion will require local reyrading and reseeding.
The scattered shallow washes noted on the cmbardnment and in the emeryency
spillway do not inhibit the satisfactory performance of the dam and,
therefore, no special attention i1s recammended.

The: water observed along the right downstream toe is of concern,
since 1t could represent seepage along the former streambed. If this
1s the case, the potential for piping and embankment failure esists.
The seepage should be nonitored guarterly for increased flows or
turbidity. If these conditions should occur, a Professional Engineer
with exqertise in Geotechnical Englnecring should be contacted to
evaluate the problem and nake recommendations for required corrective
mesares. Water enoountered along the Teft downstroam toc eside the
CuReleries dpjrars to e orelated to sprning activity.,  No corrective
measures appear necessary at this time, but this arca should aiso be
exaraned persodically to insure that ruuration o saturatiorn and also
erosion 0! the downstrean. toe do not occur in this arca. Seepace con-
Jitons observed dorin: this inspection apprarsd to very siralar to
conditions noted 1n the 1979 inspection.  The principal spillway is
functioning well. A staff gage should be 1nstalled to nonitor water
levels.,

3.2.2 Downstream Area: A breach in the Fawn Lake Dam during

extreme flooding could create a hazard to the downstream dwellings.

_1(._




SHUTION 4 = OPERATIONAL PROUCEDURES

4.1 Procedures: The normal storage pool is clevation 335.¢ msl or

0.1 ft above the crest of the concrete princiyal spillway drop-inlet
riser. The lake provides recreation as itsiincijal use. Water jusses
automatically through the principal spillway as the water level in

the reservoir rises above the clevation 337.6 msl,  Water will

also pass automatically through the emeraency spillway when the water
level in the reservoir reaches elevation 339 msl. A 30 inch slide
cate valve at the low point in the riser structure is provided to
drawdown the reservoir from normal pool.

4.2 Maintenance of Dam and Appurtenances: Maintenance is the
responsibility of the owner. Maintenance consists of inspection,
debris ramoval, mowing of veactative cover, and repair. Maintenance
is routinely performed.

4.3 Warnine Systom: At the present t irc, there 1s no warnina

system or evacuation plan for the dam.

4.4 Fvaluation: The dam and appurtenances are in aood operatind

condition, and maintenance of the dam appeared to be adequate.

An cmergency operation and warnine plan should be developed. It
is recommended that a formal emcraency procedurc be prepared and
furnished to all operatinug personnel. This should include:

a. How to operate the dam during an amergency.
b. Who to notify, includinc public officials, 1n
case evacuation from the downstream area is

necessary.

-13-
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SECTION 5 - HYDRAULICS/HYDROLOGIC DATA
5.1 Design: Fawn Lake Dam was designed as a single purpose
dam, and hydrologic and hydraulic data are available, including stage-
discharge, stage-storage, stage-area, inflow hydrograph and flood
routing data.

5.2 Hydrologic Records: There are no records available.

5.3 Flood Experience: According to Mr. Webb, there have bxcn

no significant floods since construction of the dam.

5.4 Flood Potentials: 1In accordance with the established

guidelines, the Spillway Design Flood (SDF) is based on the estimated
“Probable Maximum Flood" for the region (flood discharges that may be
expected fraom the most severe combination of critical meterologic and +
hydrologic conditions that are reasonably possible in the region),
or fractions thereof. The Probable Maximum Flood (PMF) and & PMF
and 100 year flood hydrogyraphs were developed by the HEC-1 method
(Reference 4, Apperdix V). Precipitation amounts for the flood
hydrograph of the PMF and 100 year flood were taken from U. S. Weather

Bureau Information (Reference 5 and 6, Appendix V). Appropriate H

adjustments for basin size and shape were accounted for. These inflow

hydrographs were routed through the reservoir to determine maxin-m pool
elevations.

5.5 Reservoir Requlations: For routing purposes, the pool at

the beginning of flood was assumed to be at elevation 335.6 msl.

Reservoir stage-storage data and stage-discharge data were determined
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TABLE 5.1 -~ RIESFRVOIK PERFORMANCE

Hydrograph

Normal 100 Yr.

Flow Flood LopME S

Peak Flow, CFS

Inflow 4 5015 12,473 24,4

Outflow 4 387 4,694 S0k
Maximumn Pool Elevation

Ft, msl 335.6 339.3 343.1 S44.-
Non-Over flow Section

(Flev 343 msl)

Depth of Flow, Ft - - 0.1 1y

Duration, Hours - - 1.0 3

Velocity, fps - - 1.7 4
Tailwater Elevation

Ft, msl 280.2 282 283 T

5.7 Reservoir Emetying Potential: A 30 inch diameter cate at

elevation z84 msl is capable of draining the reservoir throuah tie
outlet culverts. Assuming that the lake is at normal pool eclevat:ion.

(235 msl) and there is 4 cfs 1inflow, it would take approximatcely ©

days to lower the reservoir to elevation 284 msl. This is egquivalent to
an approximate drawdown rate of 10 ft/day based on the hyvdraulic heiaht

measured from normal pool to the invert of the drawdown pipe divided

by the time to dewater the reservoir.




5.8 Evaluation: The U. S. Army, Corps of Ingim<rs' gaodeiiies
indicate the appropriate Spillway Design Flooxd (SDF) for an interresis st
size, significant hazard dam is the % PMF to PME.  BeCause u!f the r.se
involved, the % PMF has been scloected as the SIDF. The s llway will
pass 45 percent of the PMF without overtopsg 1o the crest 6 ohe o
(90 percent of the SDF). Durin: the SDF the dar will e cacrtopges
a maximum of 0.1 ft for a period of 1 hour at o "</ s locity S8
1.7 fps.

Hydrologic data used in the evaludtion tertdins tc jresent iy

oconditions with no oconsideration given to fut.ure develorent.




SECTION 6 - DAM STABILITY

6.1 Foundation and Abutments: The dam site is located

within the Piledmont Physiographic Province of Virginia. The dam
appears to be founded on residual soils derived fram the in-place
weathering of the underlying bedrock. The Geologic Map of Virginia
indicates the bedrock consists of metamorphosed wolcanic to sedimentary
rocks and may include intrusions of younger igneous rocks. No rock
~utcrops were encountered during the inspection, and examination of
residual soils did not reveal the presence of any relict bedrock
structure. Scattered rock debris in the emergency spillway suggests
that the site is underlain in part by mica schist bedrock and numerous
quartz veins.

The geotechnical consultant described the soil profile along
the centerline of the dam as varying considerably. The general profile
reportedly consists of an upper clay layer overlying silt, which in
turn overlies weathered rock. Between the right abutment and just
beyond the principal spillway (Station 13+00), the upper layer of
silty clay (CL) ranged fram 3 to 4 ft in thickness. The clay layer
increased in thickness to about 8 ft in the left abutment. The under-
lying silts and clayey silts (ML) contained various cambinations of
sard, gravel, and mica. The test borings indicated the presence of
a very irregular bedrock surface. Bedrock (gray sandy shale) was
encountered at 9.5 ft along the former stream channel, but was not
encountered in the left abutment to a depth of 100 ft (B-7).
Disintegrated rock, however, was present at depths of 60 to 100 ft in
this area. Except for the previously described shale, the disintegrated !

-22-




rock and bedrock consisted of different varieties of muca schist and

apparently included scattered quartz veins.

The potential for seepage within the fourdation was recognized 4
by the geotechnical consultant, since the cunstruction of a oore trench
was recommended in the design report. The general physical character
of the overburden, i.e., clayey silt and silts consisting of various
combinations of sand and rock fragments will usually allow seepage
to occur. Low core recoveries suggest that the top of bedrock 1is
generally weathered and fractured, and therefore, susceptible to
seepage. In situ permeability tests made in four of the seven test
borings indicated the permeability condition of the materials encountered
was variable, probably fram mediumrhigh to low. Based upon the presence
of these materials the design report stated that 1f a positive cutoff
were required, the core should extend at least 10 ft into sound rock.

If not, the core should extend a minimuam depth of 2C ft below the

base of the dam.

Gradual consolidation of underlying soils would be expected during
application of fill materials. The underlying soils probably had
essentially fully oonsolidated under the applied load not long after
campletion of constructian. Based upon the performance history of
this dam and the materials present, a stable foundation 1s assumed.

6.2 BEmbankment:

6.2.1 Materials: The upstream slope 1s 2.5H:1V with crest at
elevation 343 msl. At apmroximately elevation 336.5 msl, the slope
flattens to 10H:1V forming a berm for a vertical distance of 1 ft.

The slope then continues at 3H:1V to natural ground. Normal (ool lewvel

1s elevatian 335.5 msl or 1| ft below the tgp: of this e, The design

21—
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pstrean slope does not anclude o too berm as recremendad Ly, the
gutectinical consultant, which would give the ragpirrad factor of
safety for the swdden drawdown comdition.  The downstream slope 1s
2.5H:1V. A 15 ft wide sloping oore trench w.th 1H: 1V side slopes
15 provided Ieenweath the gmbankment . A typical section of the dam
1s inclaiud on Plate 5, Appendix 1. The core and ambankment material
15 designated Zone A and 1s spacified to consist of "plastic or sam-
plastic si1lts and clays.” A thin blanket of topsolil or Zone B material
was spacitilad as ocover for the Zone A solls., Although two zones are
identitiad, for stability purjuses  this dam 1s considered a hamogeneous
structare.  Fi1ll material descriptions and campactlon requirements
are alse qiven on Plate 5, Appendix 1.

t.... Subdrains and Seejage: A drainage blanket covering the

downstroam araa wn width ogual to at least 30% of the dam height was

reaxrmeended by the auotechnical consultant.  However, the design

arawlnar Lobicate that only a toe drain was provided to control the
;nreatic loevel shrough the empankment. Drainage details are provided
oo blate oo of Apenadix I The six-inch drain was discharaing 2 -~ 4 gpm
U Cscal Thom AL the JNSjactlon.

NOOLOWIIN Sesfasde was observed, however, saturated areas supporting
march o srass aad cattalls were dbservad along the downstream toe of
the gmianigmnt . Saturated cond:itions were encountered along the left
domnstream toe fnm the northermmost cametery extending southward
umard the outfall structure (see Field Sketch 1, Appendix III).
MuLsture or seepage appearad to be oonfined to the area occupied by
arst ass sl to areas ummedilately to the east.  The water often .

geooarat tagnant and only saomad to flow in definite sloping areas.
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Little or no 1ron staining was observed 1n this area. Wet arcas are

probably related to springs which reportedly existed prior to construction.

Moisture or scepage was again encountered along the right down-
stream toe, but only between Stations 21400 and 19+00, wher: the secpage
path bends southward along the woodline. Marsh grass, cattails and dead
trees are present in this area. The seepage is either related to
previously existing springs Oor seepage under the embankment along the
former stream channel.

6.2.3 Stability: The dam is 63 ft high and has a crest width
of approximately 17 ft. Side slopes are 2.5H:1V on the downstream side,
and 2.5H:1V to 3H:1V on the upstream side. A 10 ft wide berm exists on
the upstream slope at approximately El 336.5, separating the slightly
steeper upper portion of the embankment from the less steep lower portion.

Design stability analyses (see p. 7-9, Appendix 1V) were performed
by the geotechnical consultant for steady state and rapid drawdown
conditions for water at maximum pool level. The Bishop method of
slices was used for the analysis. Two triaxial tests were performed
using on-site soils proposed for use as embankment fill. The effective

strength paramters obtained are as follows:

g' = 260 c 9 psi

Qi

g = 30° = 6.5 psi

For the upstream slope, the factors of safety for a deep circle,
slope stability failure for water at maximm pool level and steady state
conditions was approximately 2.5. A factor of safety of approximately

1.55 was calculated for rapid drawdown. Again for the upstream slope,

v 4




analysis for a toc failure for water at maximum pool level and steady
state comditions indicates a factor of safety of approximately 2.3.
A factor of safety of less than 1 was calculated for the rapid drawdown

condition. For the downstream side of the dam, the analysis for a

toe failure slide indicates a factor of safety of 4.
6.2.4 Scismic Stability: The dam is located in Seismic Zone 2.

Therefore, according to the Recommended Guidelines for Safety Inspection

of Dams, the dam is considered to have no hazard fram earthquakes
provided static stability conditions are satisfactory and conventional
safety margins exist.

6.3 Evaluation: An accurate check on the stability of this
structure can be made fram the available design data (Apperdix IV).
The data reviewed were found to be acceptable. The stability analysis
for the downstream slope under steady seepage conmditions indicates a
factor of safety of 4.0. This value exceeds the recammended factor of
safety of 1.5 included in the Recammcnded Guidelines for Safety
Inspection of Dams, Reference 1, Appendix V. For the upstream slope a
factor of safety of 1.55 was calculated for a deep circle failure for
rapid drawdown. This exceeds the recommended factor of safety of 1.2
included in Reference 1, Appendix V. A value of less than 1.0 was
reported, considering a toe failure under the rapid drawdown condition.
This value is less than that recammended in Reference 1. Factors of
safety of 2.5 and 2.3 were recorded for upstream steady state conditions

assuming deep seated and toe failures, respectively.




Although no urdue settlement cracking, or seepage was noted
at the time of the inspection, and the amwbankment appears adequate for
maximum pool level with water at elevation 339.9 msl, toe failure of
the upstream slope could occur if the water level is drawn down rapidly.
Since the factor of safety for steady cscate conditions (water at
normal pool) is very high at 2.5, we believe that considerable lowering
of the lake at a rapid rate would be required to lower the factor of
safety to that approaching failure corditions. Assuming these
circumstances, although damage to the embankment would occur, the
risk of detrimental downstream flooding due to the rapid drawdown
cordition is not likely since (1) the lake level at the time of failure
would be very low and the volume of water greatly reduced,and (2) a
breach in the dam through nearly its entire depth would be necessary
for the water to discharge. Nevertheless, because the maximum rate
of drawdown which is possible through the principal spillway is considered
"rapid" for the type of embankment soils used, we recommend as a
precaution that any draining or lowering of the lake level be done such
that the rate of lowering does not exceed 6 inches per day to preclude
any possible upstream toe failure. If it is anticipated that this rate
must be exceeded in the future, or cannot be tolerated, a berm on the
upstream toe must be provided in accordance with an acceptable design.

Overtopping is not considerea detrimental to the dam with respect
to erosion because of the shallow depth and short duration of flood. Also
the velocity is considerably less than 6 fps, the effective eroding

velocity for a vegetated earth embankment.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment: Fawn Lake Dam at the time of inspection

appeared to be in excellent condition. The appropriate SDF for this dam
is the % PMF. The spillway will pass 45 percent of the PMF (90 percent
of the SDF) without overtopping the crest of the dam. Flows overtopping
the dam at 1.7 fps during the SDF are not considered detrimental to the
embankment with aspect to erosion. The spillway is rated inadequate, but
not seriously inadequate.

The actual embankment structure appears to be simlar to the "design"
drawings. However, the design did not incorporate an upstream toe berm
to provide an adequate slope safety factor for the rapid drawdown
case. Although the design factor of safety for steady seepage meets the
requirement of Reference 1, Appendix V, the factor of safety for rapid
drawdown of the upstream embankment is inadequate. The stability of
the dam is considered adequate for its present condition and at normal
pool level, but inadequate for the rapid drawdown condition.

7.2 Recamended Remedial Measures:

7.2.1 Emergency Operation and Warning Plan: It is recommended

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

1) How to operate the dam during an emergency.

2) WwWho to motify, including public officials, in case

evacuation from the downstream is necessary.
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7.2.2 Any future lowering or draining of the lake should be

at a rate of less than 6 inches per day in order that a "rapid draw-
i down" condition does not develop. If this is not acceptable, it will be
necessary to construct a properly designed toe berm for the upstream slope.

7.3 Required Maintenance:

7.3.1 A staff gage should be installed to monitor water levels.

7.3.2 The emergency spillway should be reseeded in order to

establish a better stand of vegetative cover. This will minimize future
surface erosion. ;

7.3.3 Eroded areas or washes along the right downstream slope-~

abutment contact and also alongthe toe of the downstream slope should

be examined during the normal maintenance schedule. Increased erosion
may require local grading and reseeding.

7.3.4 Seepage observed along the right downstream toe should be

monitored quarterly for increased flows and turbidity. It these conditions

should occur, a Professional Engineer with an expertise in Geotechnical
Engineering should be contacted to evaluate the problem and make re-
commendations for required corrective measures. The importance of this
precaution cannot be overemphasized since seepage occurring along the
former stream channel poses a potential for piping, and thus embankment

failure. Seepage observed along the left downstream toe appears to be

related to spring seepage, however, a periodic examination of this area

is suggested to insure that migration of saturation and erosion of the

downstream toe does not occur here.
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MADPS AND DRAWINGS
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APPENDIX III

FIELD OBSERVATIONS
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le § tesociates Inc.
Rox 217
e City, Virgiria

Quit
P O
Attention: Mr. Murvin L, Crutchfield

«rence:  Subeurface investigation fer the preposed Anerican
Central Dam site, Spoteylvania Coanty, Va

GEY Job No. 16181
SC1 Job No. 2045

The subsurface investigation for the proposed Aterican Central
Iz site to be loczated in Spotsylvania County, Virginila, has been
. ereds We sro osuhrrtrting, Torowith, cor 7 JlrLrTITE TeliTU w1th
resuits of that investigation.

If there are any questions with regard to the information subzitted
in this report or if we can be of further service to you in any way,
please do not hesitate to contact us.

Very truly yours,

GNAEDINGER BAKER HAMPTON § ASSOCIATES

Jjﬂohn H. Brewer, Ph.D., P.E.
Senzgr Prp;ect Engirneer

Delon Pathon, Ph.D., P. E
Chief Engineer

/%]" CONSULTING SOIL AND FOUNDATION ENGINEERS
P‘ - gﬁd 'r'e'npzﬁ. [ TULLON AZ o FEYMOUR CT « WASHINGTON DC « CEZAR RAPIDS, 1A » DAVENPORT, 1A « DES MOINES 1A « IOWA CITY A« CHiZalGO
- —————E
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The ul o urface dnvestigation for the jrojeced Fewn Tiule Lin to be

Tooated in €0 tevivanin County, Virginia, Yas heen

~a

with sour letter of aotherization, deted Toco i ber 28, 1972, roen Jiep
torirgs along the center line of the Jum were peifocned, cnd two prote heles
long the pipe lire wnd elght auger holes within the borrow aress were j-T-
fzr-ed. The deep borings were corpleted on April 6, 1973, 1t auger holes
and probe holes were conducted on January 16,1973 and March 29, 1973,
1 rerpectively. The results of these torings, along with a Jofation dizgranm,
are incluled in the appendix of this report.

The site Inspection revealed the area to bLie tolling with & raxirum
difference in elevation of approxirately 80 ft. In the vicinity of the prepoced
dam the land has becn used prirarily for farming. Vegetation consists of gruaceek,

.

Prostes, ond trees, It s our urderstanding that this site will he

develored as a recreational home site.

SUBSURFACE INVESTICATION PROCEDURES

The borings were performed with a skid mounted rotary drilling rig
which uses various cutting bits and wash water to advance the hore holes.

Steel casing wvas used to leep the bore holes open during the boring cperation.

snd in the pressure testing operaticns. FRepresentative soil sarples were
ehrained by means of split-barrel sanpling procedures in accerdance with
ASTM Specification D-1586 (see appendix). In the split-barrel sarpling

r procedure, a 2 in. 0.D. (1 3/8 in. 1.D.) split-barrel sampler, 2 ft. long, is

driven into the soil by rcans of a 140 1b. hamer with a free fall of 30 in.,

and the nutber of blows of the hawmer required to drive the sampler 1 ft. ' ‘
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clrata. Al SRR Ted tely noctre Toeid SER S
Tetratory of Toal | carte, Inol, cf Yorriyoedd, Voo e, 1
cnuTlnation, testliig, GovlosciTiretion, Inoconootion Wit Y
sleng the corter lire of the proy o ved dam, FPathber tosts dn e
] Torth Mooaal e caetion BedE ol the Flreau of Vel tion JULE W
ir the Facher te~ts, onoca P le o reotrine on e el oof an UNY
rro the bole. Trodothe Talher te positioned Drothe o hole, o8
1c s anted wnd weter s Foried through the Lole tnothe center of
ut fer opresaure, Thu jiotoare 18 pdeiured with oa puse, sod the o
. , - -
) SCH RN S S SN AL AU SR S SN D A S
Tires, hand cu_er holes @nd protes weTe perfortod, resrectively
ccil raples of the ncar curface soile were clttalnel and stelied.
A crorles will te rotalned at the laboratory of Soil Jorsultante, |
a ;oriod of €0 doys after wileh they will Yo diccnricd mders ins
ac to thuit disprsition ate rccelved.
TESTING FRoSRAM
Tre testing fprogren coneisted of perferming the liauid limit, the
riastic limit, gradation, corpaction, consolidation and triaxial
ligsid lirit of the scil is the water content at which the soil passes {rom a
plastic state to a liguid state. The plastic limit of a soil is the rinirum
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T : T DR o S
: : . : I A N U TR S
) ' ‘. c LT LR TS S S S O PR OF SR BT 2
T : o Ty otest Tor el oo lite oF
S e * Wt v LZ'; cocle cies Trom Thae lo (:.7%e - r e
T T i ve o F o re in e oo a\l\'t.:c‘:t,a‘ Laf of
Taed tvrial (o vied noar the optirum rolsture content was plated
tcoa ring and Yo led aaially woder constent stress. For each lcoaling
ooreo ot othe rete of deforation was tewverded, The rocults of the censolidatio
Tt LTe e oo Jotum e settlorents,. TwO triaxieal dezr tests weTe
. boteldl by reountatinge sorl oenrrles frem o the proposed LOITOw ercas werTe
ror 0w d Lml sumracted tvar the optitun relistare content and dry Jdensity to
Torm oz oytirdler of so0) appresivately 3 in. in length and 1.41 in. in
T - R S S lrtwiwen Iopoooe sliros and scnled with oa
i.otor moocrane.,  Tnese cylindrical samples were confined by fluid pressure and
tosied exrally until the seil savples failed. Fefore the sanples were tested,
tv.ey woTe taturated, by neans of & bach pressure, and permeability tests

411 test data are noted in the appendix of the report.

In conjunction with the testing jrogram, all sarrles were visuzlly

the basis of texture and plasticity in accordance with the
The estimated group symbols accerding
is incluied in the parcnthecses following the descripiion
A brief explanation of the Unified Soil

the boring logs.

System is included in the appendix of this report.




SURSURFACE ConDIiTIONS

[

The in situ soil conditions wvicountored in the subeurface
investigation of the Fawn Lake Pam will te discussed urnder the following
subheadings: Subsurface conditions along the centerline of the dam,
sthsurface conditions along the centerline of the overflow pipe, and

subsurface conditions in the borrow areas.

Subsurface conditions along the centerline of the dam. The soil

profiles, based on logs provided by Soil Consul:ants, Inc., from the results of
the 7 borings performed along the centerline of the dam, vary considerably.
The subsurface soils consist generally of clays, silts, ané weazthered

rock. In general, the clay overlies the silt which in turn cverlies

the weathered rock. Resuits of boring B-2 is fairly typical of the results
. »

R Q) -—:'_Ce

of borings B-1, B-3, B-5, and B-6. At boring locaticn E-2 the surd:
stratum, which consists of grayish brown stiff clay with traces of sand

and guart:z gravel, is approximately 3 ft. thick. From a depth of

approximately 3 ft. to 33 ft. below the existing surface, there occurs a

grayish brown tough to very tough silt with traces of sand. From a depth

of approxirately 33 ft. to approximately 52.2 ft. there occurs a hard

brown silt. From 52.5 ft. to 60 ft. a gray chlorite schist was encountered.

The distinguishing feature of boring B-4 is the occurrence of gray sandy
shale at a depth of zpproximately 9 ft. below the existing surface. This
shale was cored to a depth of 19.5 ft., at which point the boring was
terminated.

The soil profile at boring location B-7 varies somewhat from that at

At boring location B-7 the surface stratum consists of

boring location B-2.
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to 48 fr. below the existing surface there occurs & tough purjle silty
clay with traces of gravel. Froum 48 to 70 ft. Lelow the existing surfzce
occurs a tough reldish brown and black clayey silt with a trzce of gravel.
From 72 ft. to 100 ft. bslow the existing surface, & tough pink clayey
silt with a trzce of fine grevel was enccountered.

Subsurface conditions along the centerline of the pipe. It is our under-

standing that the overflow pipe will be laid in the vicinity of boring
B-4. Two probe holes PH 1 and PH 2 were cconducted perpendicular to the
centerline of the dam in the vicinity of boring lccation B-4., The results
of probe hole 1 indicates that the surface stratum consists of yellow
weathered rock. From a depth of 5 ft. below the existing surfzce 2 split-

spoon sample was taken. The blow counts for this sample was SO blows per

L

cility

che hele Totation vn 2 tho surloos €Trtin cuneiste ©
clay with some sand andé gravel. From & dejpth of 2.5 ft. to 5 ft. below the
existing surface there occurs silty sand and gravel. At this location, a

split-spoon sample was taken at 6 ft. and the blow count was 50 blows

per .2 ft. The soil encountered was a gray brown silty sand.

~)

Subsurface conditions in the borrow zreas. Hand auger holes A-6, A-7 and

A-& were performed in Borrow Area 1. The results of hand auger hole A-6 is

fairly ty~ical for the soils encountered in this borrow area. At this

n

auger location, the surfzce stratim consists of zpproxirately 2 1/2 ft. of
soft yellow and brown silty clay. From a depth of 2.5 to 6 ft. below the
existing surface is a fiim yellow sandy clay which contains a trace of gravel.

From 6 ft. to 15 ft. below the existing surface thete is a2 red and brown

ricaceous sandy silt.
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fuger holes A-1 and A-2 were conducied in Borrow Area 2. Al augeT
location A-1, from a depth of 0 to 4 ft. below the existing surface, a red -
silty clay occurs, and from 4 ft. to 10 ft. below the 2xisting surfezce is
a red silt. At auger location A-2, from the surface to a depth of approxirately
10 ft., a red and brown sandy silt exists.

In Borrow Area 3, auger holes A-3, A-4 and A-5 were performed. The

results of the auger borings in borrow area three indicate a wide range

in subsurface conditions. For example, at boring location A-3 there occurs
approximately 1/2 ft. of gray topsoil which overlies a red sandy clay
with a trace of gravel. From a depth of 5 to § ft. below the existing

surface there occurs a sand and gravel with a trace of clay. From 8 to

15 ft. below the existing surface there occurs a red and brown clayey
silt. At auger location A-5, the surface stratum, which is approximately
1 ft. thick, is a brown silty clay. This stratut overlies a red silty
clay to a depth of approximately 10 ft.
The specific soil conditions encountered at each boring and auger
Jocation are indicated on the boring logs. The stratification lines
represent the approximate boundary between soil types; in situ the transitions

ray be gradual.

ANALYSES & RECONENDATIONS

For convenience the analyses and reconmendations will be discussed
under the following subheadings: Stability of slopes, Dam construction,

and Construction preblems.
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Sretility of sleres. Dealuntion of the otubility of & dam hins two
cenents -- gleye stobility snalyess and lyees of the <iability
GEothe o] fation. For the ol tce of o7 e et ility slyvies, 1t
[ R .*_t =Y A - N SR ) P r oz o . ~ v e “‘"’t\"ﬁ‘"‘]
s - Jothe . E N - . 2 ;repesod by Quible
J’ . 1Y > N ol 2 > .
d{ G e iiates wenic il cC N T ConsTIltLon o the Jas This
Soowlig i T TRat 1o width of the Jomont o the top will Ye ooLrosTontely
¢
20 fr. The o ~iresm osicre of the Jdamowill be 1 verticzl to 2.5
Yorisonral, and the wpstle o ntive it caalram pool elevetion will
| be 1 vertical to 2.5 horltorcal. Relow the free hoard, this slope
t
v - .
r will be 1 (or2oal 1o 5 cisorntal. On the unsiroan sice of the dnm,
it is anticirated that g vomopproonivoetely 10 rt. wide will be consivucted
at the level of the aforerenticned Vvreak in slope,
In orler to detirring the lore etnhility of this oroec cection, 1wo
trieyial tosts we s poIToL ol slog e Tt 3 s Ttitle Tur
construction of the dum. Cne triaxial test was perforred using materials
frog samples marked A-3-1, A-3-2, A-4-1, and A-5. Gased on laboratory
ccmpaction test data, these samples were thoroughly mixed, the moisture
coentent adiusted to 16%, and the triaxial test specinen compacted to
3 . r~ - ~ - -
a dry cersity of 110 pef. fofore triaxial tecting, the speciren uas
saturated and perrcability tests conducted. Urder a hydraulic gradient of
. Ca - -4
¢ psi, the reesured permeability was 2.3 x 10 7 centimcters per second
and under & hydraulic gradient of 10 ps1 the reasurted permeability was
. -4 . . .
3 x 10 centimeters per second. The conpacted soil sample for the
cecond set of triaxial tests was compesed by mixing ecual parts of scils
from auzer holes A-2 and A-7. These saiples were mixed at a moisture y
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recommendations.

DAN LS Trte T1ON

The Core. I1f a pesitive cutoff is required, the core of the dar nust
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¢xtend at least 10 feet into the cound rock noted on the toring logs.
The cdepth to this stratum varies, baced on available sutsurface inforration,
from 30 ft. to wore than 100 ft. below the existing ground surface, depending
upon location. found rock was not encountered in boring B-7, which externled
to a depth of 100 ft. The zpproxirate depth to the surface of rock which
would pernit a positive cuteff is presented in Table 1, in the zpjendix.
However, final elevations of the base of the cutoff trench, bottor of the
core, rust be confi:vred in the field.

1f =vepege under the dar is peomiesible, i.e., a pesitive cutoff is not
reguired, it 1s recoriended that the area on which the ceore 1s to be placed
feet Lelow the tase ¢f the darm, &t all

oring B-4, where the overflow pipe will

irf for the central core cutoff continue

1k a width of 40 percent ¢f the zaxinar

¢r  uvation for the cuteff <rauld

oo e aid be Yrnored
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Oversize cobbles should be reroved from oobludient rnuterials prior to
placement in the body of the dum. Assuning luose 1ift thickness of 9 in.
will be used, no particle larger than 5 inches in raxirum dizoncion rhould be
placed in the dam.

All earthwork operations should be under the full time inspection of a
soils engineer. Special attention should be addressed to counstruction
in the area of the dam ubutments, the cutoff trench, and the pipe.

Toe Drain. A toe drain having a minimun hgiégl of 30 percent of the height
of the dam should be provided. The purpuse of this drain is 1) to reduce
the pore water pressures in the downstream portion of the dam and hence to
increase the stability of the downstream sloje against sliding, and 2) to
control any seepage water as it exits at the downstream portion of the dam
in such a way that the water does not carry away particles of the enbanhrent

<oil, i.e.,that piping ¢
’ ]

et not develope Incrles to function pooporly,
the coefficient of permeability of the materizl of which the drain is construct
ed should have a permeability at least 10 to 100 times greater than that of the
average enhankment material. In addition, the pervious material from which
the drain is constructed must meet the filter requirements for the embankment
raterial. 70 provide for the adequate piucsage of vater and to prevent clogging
of the toe drain, material of which the toe drain is conposed should conform
to the following specifications:

1. The 15% size of the tove drain (tilter) material (i.e., the

particle size which 1s coarser than the finest 15% of the soil,
Dyg) should be at least five times as large as the D o size of

the <011 being protected.

2. The Dyg ~are of the toe draan (filter) raterral should not be

larger than five times the Dgo size of the protected <oil.
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rent and foundation without a reduction in freeboerd. Riced on the fine-
grained te> re of the soils to be used in exbanbrent construction and the
.
consolidati test data presented in this 1eport, a cunber of at least
three feet would appear to be nececsary.
Freeboard. Sufficient froeeboard must be provided so that there is no
poscibility whatever of the c-tunbient being overtiyped. The necessary frre-
board is calculated by assuming that the nariram river flood will occur when
the reserveir is full ond the highest porcaable woven will dovelop st the
same tire. The riniian freetoard equals the corputed head on the <pilieay
plus 1.6 tived tre wave beapht (for tumup

teodwr boight, the reliability of the data

1 N .
v, Lo
. -, . . . .
. ! . )
4 M RN 4 ot Voo ;‘l.c\('« [ ISR SR I
. . - A N R T
v . N . . N ) ‘
.
> * h M +
v, :
A +
-
.
. : . .
’ ' ! i [§
o, . .
t
, . .
}




-16-

The pire and Intake Structure. In order to minimize secjage along the

vipe which is to run through the dam, the pipe should be ecquipped wit

cellers which protrude a minirur of 6 inches from the outer suriazce of

the pipe. At leest cne collar should be on tach section of pipe. Creat

core must be exercised to insure that fill to surround the pipe is acleguately

placed.

There should be no foundution problem, with regards to the intake

structure, if the reccrrendations presented in this
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groced 4000 pef and that prier to poaring concrete,

report are followed.
the founcdation will not

the excavation for the

founietion oI the strulture will be inspected by & soil engineer. Steel
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CONSTRUZTION FROBLEMS

closire cection requiTes spe

urlift on the Yuse of

of the dar it will be necessary to divert the

-

cial design consicderetlions

1) provic<ion of enough bourrow materials and
rp.ng through drfferential settlement cracks. The

constructed reépidly to avoid overtopping -- work
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the water content of the soil.

due to cocnstruction limitations

of differential settlenment cracks.

given to providi-

to control any leaks

..

The pool fcrmmed tehind the

the sultatle ave

peesibly the main body of the ¢

valuzble they will heconme.

. s rive
Trne craeln anc filter

zhle raeterial wi

tzhen to insure material used t
contar-ineted with other rater:a
Tre Zecior Yas not Teln oo

:
!
Z17-
struction mzterials or 1o jrooess
It mest also be noted that this section,
, 1s especially susceptibtle to the dovelopnant
Conseguently, cconsideration should be
drazins in the clesure section in crder
through cracks.
cofferdam as the river 1s being diverted
e borrow zreas. In such a case, zdeguate

during cconstruction of the core and

am. In crder to zssess the extent of the
to install pilezometers TO reasure wWater
The cerlier these can be instellec the o
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highly cesirable that the designer also Rave charge of building the dnm.

Construction Quservetions.  In order to insure the cam is performing

in the rznner intended, it 1s recermended that observations of the dam

be rade periodically following completion of construction. This is especially
recessary, at freguent intervals, for the first few years following

construction to ohserve any leaks and/or cracking of the dam. Both of ttrese,

if remedial measures are not immediately taken, may lead to failure of the

gl

¢am. Conseguently, rermedies should be instituted immediately upon observation

The best assessment of dam performance can be made via instruments
installed in the dam, e.g., piezometers, inclinometers, extensometers,

. il A Y
W W1 Cd 02 D

The analyses and recormendations submitted in this report are
tased upon the data obtained from 7 borings, 7 auger holes and 2 probe
holes performed at locations indicated on <he enclosed location diagram.
Tris report does pot reflect any variations vhich ray occur between these
por.ngs and test holes. The nature and extent of variations betwcen

them may not become evident until the course of construction; if variations

<hen becore evident, it will be necessuary {for a ro-evaluation of recommendations

of this report te be nade a cr.-¢ite olservations during

censtraction and noting the characteristics of any veriations. It is

e M ATT M GEPR RARTIR HAMSTSON A ATCTY JATOS . e = -
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reconsended that the ralterlial au the base of the dun znd core be inspected

by an experienced soil engincer to ensure ithet these siructiles ere placed

8 upon suitable materials., It is also vecoronended that all strippirg and
4 contrelled fill cperations be inspected by an cajericnred soil e

ensure conformation with recounrendations. I1f you wich, we would welceoue the
opportunity to perform any of the herein recurended inspection services for
you during construction. In addition, we would be pleased to review the

plans znd specifications after they have been jrepared for the preject so that

~ -

we might have the opportunity to comment upen the eilect of soil conditicns
on the design.
This report has been prepered in order to aid in the evaluation

of this site and to assist the architect and/or engineer in the design of

the project based upon our understanding of the design details, criteria,

.

structure as cutlinsdé hoerein, 1
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use with regard to the specific project and locations described herein,
and any changes in design or location should be brought to our
attention so that we may determine how these changes may affect our recomrend-

ations.
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