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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 Zngineers,
Washington, D. C. 20314. The purpose of a Phase I Inspection io to
identify expeditiously those dams which may pone 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 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 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 engineering techniques employed give a reasonably accurate
assessment of 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 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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This report is prepared under guidance oontained in the
Riiuxriod (Iiidelines for Safety Inspection of Dans, for Phase I
Inv(et iqat.ons. Copies of these guidelines may be obtained from
the Office of Chief of Fngineers, Washington, D. C. 20314. The
u m-pose of a Phas e I Invstigation is to identify expeditiously
.. dia'rs which may jose hazards to huian life or property. The

, ..t of the yt.iitral ooiidition of the dan is basod upon
avAillle data and visual insimCtions. Detailed investigation, and
analyses involving tojzxjraphic rrapping, stlbsurface invostigations,
testing, und detailed cr'jutational evaluations are Ix.ryonid the s.Fe
of a Phse I lnv.stigation; however, the investigation is intenckud to
identify any noed for such studies.

In reviewing this report, it should be realized that the reliDrted
condition of the dam is based on observations of field conditions at
the time of insp-ction along with data available to the insI*ction
team. In cases where the reservoir was lowered or drained prior to
inslection, such action, while irruroving 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 o rating envirormnt of the structure.

It is important to note that the condition of a dan depends on
numerous and onstantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to assume that
the present oundition of the dam will continue to represent the
cxondition of the dam at some point in the future. Only through
- N ,nt ' ii ,ixct ions can unafare .x'ildit ions he d(tet(J ud only

through ontin~ued care and mainiterance can these orditions he
prevented or corrected.

Phase I inspections are not intended to provide detailed hydrologic
and hydraulic analyses. In accordance with the established Gidelines,
the Spillway Test flood is based on the estimated "Probable Maximun
Flood" for the region (greatest reasonably possible storm rznoff), 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 ne-essarily posing a highly inadequate
oondition. The test flood provides a measure of relative spillway
capacity and serves as an aid in determining the need for mre detailed
hydrologic and hydraulic studies, considering the size of the dm, its
general condition and the downstreaw damage potential.
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PtHASE I k@I2ORT
NAd'iIO(.L [Z SA'IY P'Jcx.NM

3RI F' ASSISSMN'T OF DAM

N,-re of Pimn: Fawn Lake Dam
State: Vi rginia
Icc ,it i on: Sjotsylvania Co unty
IIsfs QLAD Shtt: Clancellorsville, Virginia
Coordi ntes: Lat 380 15.5' Long 770 42.9'
Dote of Ti- ction: April 20, 1981

F wn Iakr Dam is a horogeneous 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

diaxmter concrete discharge pipe. A 200 ft wide earthen emergency spillway

is located at the left abutment, 3.5 ft above the principal spillway.

The dam is an internediate size structure and is assigned a significant

hazard classification. The dam is located on Greenfield Creek, in

S[ tsylvania County, Virginia. The lake is used for recreation and is

ovn-ti ud:r iranliincd by the Tntornational Pap-er Rcalty Corpurat ion.

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 Maximun Flood (PMF) or 90 percent of the SDF without

overtopping. Dur-ing the SDF the dam will be overtopped by a maximum of

0.1 ft for a period of 1 hour at a maximn velocity of 1.7 fps. he

spillway is judged inadequate, but not seriously inadequate.

The visual inspection did not reveal any problems which would

require imediate attention. A better vegetative cover should be

established in the errergency spillway. Several eroded areas existing

-1-
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on the downstream slope should be examined during normal maintenancea

Increased erosion will require local regrading and reseeding. Seepage

areas described along the left and right downstream toe of the embankment

should be monitored 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

does not meet the guidelines recamTended.by the Department of the Army,

Office of the Chief of Engineers for earthfill dams subject to rapid

drawdown TConsequently, it is reccmmended 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. If

this is not acceptable, it will be necessary to construct a properly

designed toe berm.

-2-
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Li;(_'I ION I - t'RWkLC(I' ItNFOHM',ATION

1.1 Ger-ral:

1.1.1 Authority: Puiblic law 92-367, 8 Aucnist 1972, authorized

the Secretary of the m,, through the Corps of F gine4-rs, to initiate

a national prcxjram of safety ins xtiorn of dams throughout the United

States. The Norfolk District has been assigned the responsibility of

supervising the inspection of darns in the. Comonwealth of Virginia.

1.1.2 Purpose of Inspection: The purlose is to conduct a

Phase I inspection according to the Recomended Guidelines for Safety

Inspection of Darns (see Ppference 1, Appendix V ). The main respon-

sibility is to expeditiously identify these dars 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 hcomoeneous earth-

fill structure approximately 2230 ft lonc and 63 ft hiqh.* The crest

of the dam is 17 ft wide, and side slopes are approximately 2.5 horizontal

to 1 vertical (2.5H:lV) on the upstream slope above normal pool and

3H:IV below normal pool, and 2.5H:iV 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 fran the top of the dam to the downstream toe at

the centerline of the stream.



'11-e i, -s ,.'A It0 th • '. .(. I,

Cra rk (le sx.'st '-7. with a C irih r-iriout 1 .

ef- ,nj!tfnt slopes and ri-ral a ong t1-h u: s r * .

levels providce slope protect ion. (St 'I L to 9, .-

The principal spillway consists of a 9 !t >: .: •

reinforced concrete riser inlet. The ris, r is

diameter reinforced concrete outlet Ii-e which ;n.

The riser crest elevation is 335.5 msl. A 30 inch dOar, t,.

gate is located 112 ft upstream of the riser on a 30 a:)c, 7 i,,

concrete inlet pipe at an invert elevation of 286.4 msl, and .s .

drain the lake. The outlet pipe is 240 ft long and the in\crt

at the outlet structure is 281 msl. (See Plates 5, 7 and 8, .:.::i:.

The emergency spillway (EMS) consists of a veoetated char-,# 1

located at the left abutrment, with a crest elevation of 339 risl. '7t,

emergency spillway is 200 ft wide, has 2H:1V side slopes and is .

cut section. The approach channel to the EMS is approxirately 18

long at a 20% slope rising up to the control section. The discharcx

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 Lake Dam is located on Greenfield Cree

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 Ow-. 'rsh:.i "ht, ir S ,: - .. ,: . . , : :: " ,

International Paper kLhalty Corqr)rt ,on.

1.2.6 P[urose: Pert-at i naI.

1.2.7 Desicn and Construction Histo rl: Tih. : , :

and constructed under the supervision of b I . -s. 2"K

structure was constructed by Bislho F and S&ttii D-x; i, t",

1975. Riprap was installed on the upstrear sloj - in "9W 'n , ict

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

1.2.8 Normal Operational Procedures: Thc .rJrnc: : a : i S..-

ungated, therefore, water rising above the crest 0' -. "

is automatically discharged downstream. Normal pool is maTintarned at

elevation 335.5 msl at the crest of the riser. Flood ciischaries which

cannot be absorbed by storage and the riser, flow throuqh the

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

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

to lower the lake below normal pool.

1.3 Pertinent Data:

1.3.1 Drainage Area: The drainage area is 4.14 square nules.

-7-
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,seAo i r

lcvt on
fe et Area Acre I, atershed il~qth
riml Acres Feet Inches .Miles

"rest o : jr 343 352 7472 34 1.8

1rr"jency Sp ilway
"rest 139 315 6084 27.5 1.6

Principal S illway

Crest 335.5 285 5113 23.16 1.4

Strcb at [own-
strea The of Dam 279.8 - - - -
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=l~ll , fix" *'.tA 5. tj Z l 4Y2  AA.alty iJL l-dtL .
tk 1 t* >± !.:: .iJ js~i X .a3 i1Inil'~

'Th dam was designui to ac-iridate a 50-year rainfall. fMi,.falls

of Kik t r i tr.,'It llc tJ.IIr; tile 7-O-.. r ,a ,.i l - d

throuh a 200 ft widt- cmergenc spillway in addition to the principal

s t 1l1lway. De sign was ,asd on future rumoff conditions in accordance

with Lk,vulTi-zr-t plans for the drainage basin. l design highwater

for the lake permits a 3 ft freeboard.

The principal spillway was desigred as a drop nlet structure

-'. j of -ir -c n",i, cA-trt te ri.r, a transit ion section at

t r bse of the riser, a 36 inch conduit and a plunge pool at the

outlet end of the conduit. Seven reinforced concrete anti-seep collars

skced at 24 ft intervals were installed around the principal spillway

pipe upstram of the drain trench in order to control any potential

piping problems along the pipe. Details of the principal spillway and

r xser are presented on Plates 5 and 8 of Appendix I.

A subsurface investigation was conducted at the site by Gnasdinger,

Baker, Hamfton and Associates during the initial design stages. The

investigation cxnsisted of drilling seven test borings along the center

line of the dam, too probe holes along the pipe line and eight auger

-9-
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I 1t -l s for lIuj .gis riefdc a , il,,jq tIe it--.r I t, of t. •  .m

u'1.art-, shcuni on Plate 4, Apktjd iX I. Tie g,3ut(icln rcal ivitirt,

witi ztcut:Kiat i(xis, was prLxt-d }iasd uix the t, est Iszriiq ud

a1.-uratory tt.st data. TI text of this ILtI;rt is includcl as

A1"Odix IV-

The dam as dc-sigiwd is a xzuy-xitus, ciij..ctud-fill earth

adrbankment constructad fit n ML, CL, SM and SC mnterials derived fram

designated borrow areas and the oLrergency spillway. A thin layer of

topsoil was required to over the eimbankment. Details of the dam and

emergency spillway are provided on Plate 3, Appendix I. A typical

section of the embaent and construction specifications for itbanik-

ment fill materials are presented on Plate 5, Appendix I. A toe drain

(i.e., drainage blanket) consisting of permeable filter naterial over

a width of 30% of the dam height was r(-orri .nded in the design report

for the downstrean toe. Onlyone toe (i!ai , n:ist iny of 6" drlinl-ille

as indicated on Plate 6, Apendix I was onstructed beneath the dgawstxean

slope.

The design report reammended that the core and etbankment fill

be placed in 9-inch layers and ompacted to at least 90% of maximzn

dry density in acordance with ASTM D-1557, Modified Proctor.

Specifications for the fill work provided on Plate 5, Appendix I

appear to generally ocimply with tis recmendation.

Design drawings show the dam being founded on overturden soils

and includes a 15 ft wide cutoff trench, biiich exterds the length of

the dam axis. This trench has lH:1V design side slopes and it was

-10-
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ro ci%:,1 idox by the gLtOchnical consultant that, "Material used to

construct the core should be obtained from Borrow Area 3. This material

should contain as much clay as possible." Details are given on Plate 4,

Appx-anix I. The design report stated that if a positive cutoff were

rx.uired, 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 recommended that the base of the core trench extend a minimum

depth of 20 ft below the base of the dam. 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 coupacted samples

were as follows:

260 c = 9 psi

JO 300 c =  6.5 psi

-11-



Stabil ity Tialy.;es w.rc- iride for st ady .,tate .tivd .,;,,n

drawdown condit ions for wat or at rritx i:mi Imjol level. Al I factors of

safety prove adequate except a toe failure coirlition of thlw upstrcm

erbankment during sudden drawdown. A toe berm along the utstxcrvm face

was recommended in the report but was not piovided. The design (ba'wings

indicate no berm was provided.

2.2 Cnstruction: The construction recorrs %vre not included

with the information provided by the Owner, and only inoxnpete

records were obtained from Quible and Associates. No records of the

actual embankment materials used, coxraction of fill attained, or

ciservations 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 recomended that the

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

In coxupliance with this recorrmendation, J. K. Timmons and Associates,

Inc., were contracted for design of the riprap (See Plate 9, ApFpndi-x I).

The riprap was installed in the surmer of 1980.

2.3 Evaluation: Design drawings are representative of the structure

and hydrologic and hydraulic calculations were available. There is

sufficient information to evaluate foundation conditions and emankment

stability. Recomendations 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.

2) A toe berm was not shown for the upstrean

slope.
3) A drainage blanket was not provided beneath

the efranka1nt. Instead a toe drain was constructed.

-12-
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SECTION 3 - VISUAL INSPECTION

3.1 Findings: At the tine of inspection, the dam was in ei elIent

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 550F.

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 and 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.

-13-
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The- pi n'jt spi I wdY lis-, outt I i19 111 PHio d lv~jw id

riot rev( a! any siqns of dt -r iorat ion. Thf drJain valve or) th.- int dke

structure was i n good o:, rat iny c)n0iit ion according to Mr. F. Nkbb,

since it has ,n in use to c(ftnrol ool levels during rtcent reIair

otcrations. A six inch tcx, :ra;n ,t t is ]cat,-d to the riht of the

outltt pipe. Flow frtx, the tx. dran ws char Iji ('st iITat-d C,tten

2 - 4 gin. This is similar to flows obs(iAed in the 1979 inspection.

A continuous wet area approxiimately 1000 ft in length occurs along

the left downstream toe (see Field Sketch, Sheet 1, Appendix III). 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 generally 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 drled along the left toe of the

dam near the cortceries, beside wet areas. These holes did not fill

with water and it was, tlerefore, concluded that water was not passinq

through or under the embankmnt at those locations. At other nearby

locations water was standing at elevations estimated seeral feet above

and beyond the toe of the dam. Wet conchtions 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 III). This area reportedly bounds the former stream

channel. Essentially no erosion was encoutnered on the embankm nt.

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

seepage is related to previously existing springs or in fact related

-14-
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tO X I I t I I i tlJiil-t al I (llJ t II( fOl! r rt h a lN dnr I. '1I,

watel ajx_.,trt 'lt.,r arn] little or ix) iron 5tininqg was obAs(rved. No

flow was observed.

3.1.3 Res-.rvoir Area: The res(.rvoir area was fr,-e, of dc-lris and

the 1_rinimter was wrxx-ed on a]l sides (Ov.r.,iew P)jtojra;)h, Page 3).

The rsur,'voir is located in a natural valley with side slopes at

approximately 4H:IV. No svwiti1nt build-up was observed.

3.1.4 Downstrean Areas: The, ckywnstream channel showed no erosion.

Patches of cattails were scattered throughout the channel. The chann.l

is approximately 3 ft deep and 20 ft wide with 2H:IV side slopes. Alonq

either side of the channel is a broad floA lain with gent le slopes.

It is heavily wooded Ixyond the intt-isection with thex eirj.,,ncy sp,llway

and discharge channel. The flooxdplain is apiproxi-at.ly 500 ft widt. 'Nu

dwellings located on Virginia R oute 649 at tl Po River ap-, roxiuately 4

miles below the dan are sitiated within the flchxt lain ,nr.a.

3.1.5 Instrtrrentation: No lnstnuuentat ion ( unuLr'nts, oLser.,it lon

wells, piezcueters, etc.) was enoountered for the strjctur . A staff

gage was not observed.

3.2 Evaluation: Overall, the dan appeared to bL in cxxl condit.or

at the tim of the ins-ection.

3.2.1 Dam and Spillway: The vegetative cover on th embankirt nt

and emergency spillway appeared to be well maintained. Veoctation in t-he

emergency spillway is sparse and reseeding is reoomwended to restrict

surface erosion. Erosion on the upstream face below the riprap is the

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

=15-



problem Unless lake levels renain low and the riprap begins to be under-

mined. Krosion observed along the right downstram slox-abutnt

contact and also to the left of the principal spillway outlet should be

mnitored. Increased erosion will require local regrading and res-eding.

The scattered shallow washes noted on the rikxuiKnt and in the el-igence'

spillway do not inhibit the satisfactory l1rforkmnce of the dam and,

therefore, no special attention is rec"iurInded.

Tht water observed along the right downstream toe is of concern,

since it could represent seepage along the forer streant d. If this

is thk :,:sc, thk Iott-nt ial for piping and t i kn-trit failure exists.

The seepackv should be rnonitorcd quzarterly for increased flows or

turbidity. If these condJitlons should occur, a Professional Engineer

with expertise in Ctkechrnical IEn;inet-ring should be contacted to

evaluate the probler, and niake r<xomvndations for requiared corrective

<'mj~t/ r .e '1: j ral-s to b rulatxd to s: i inki jt. i\'; " t. corrective

rrasarcs ap Jeai cessarv at this t ,ir , but this area shouLld also Lx,

~ .c-[;x. icJlly to ttksu i u t i:u rat _orJ : .itAratior, jXj also

rosion o: the: (kxvnstred.v to, Lk, not oe'ur in thi s area. Seepat, con-

dit loris otth,-\] dinspction ar uarti to very sii-ilar to

conditions noted in the 1979 inspect ion. Th, princilal slillway is

functioninc well. A staff gagve should b1 installed to ronitor water

levels.

3.2.2 Ixwnstream Area: A breach in th, Fawn Lake Dam durunq

extreme flcxing could create a hazard to the downstream dwllings.

-I 
(,-
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SU,21ION 4 - O1'I.A' l'1'|(NiA.L J 'J.(X(*f)IJJUlS

4.1 ProceKdures: The normal storage inol is elevation 3 3 5.C ivsl or

0.1 ft abxve the crest of thc, concrete, t-irci:l spiliway (IhoF-inle.t

riser. The lake ro'id.s Q-('i:ation as itsI -ircirial Use. Wter p~ss's

automatically through the principal spllway as the water level in

the reservoir rises above the ele,.ation 3,r.6 :,LS]. " 'at(r will

also pass automatically through the enurg:Jency spillway when the water

level in the reservoir reaches elevation 339 msl. A 30 inch slide

gate 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 removal, mowing of vegcetative cover, and repair. Maintenance

is routinely perforrmvd.

4.3 Warrnn, c Svst ,ri: At the-, resent t L'r,, thtre is no w,m,-nin(

system or evacuation plan for the dam.

4.4 Evaluation: The dam and appurtenances are in aood opcrat Ln:

condition, and maintenance of the dar ap eared to be adcouate.

An cmerqency o!*ration and warnin i-lan should ie developed. It

is rexmrnrndeW that a foral inroe.(ncy proc(-wure be pre-pared and

furnished to all operatino personnel. This should incluie:

a. How to oIlkrate the dam durina an eergurency.

b. Who to notify, includinc public officials, in

case evacuation from the downstream area is

nlcessary.

-iT-

SA I



SFXITION 5 - HYDRAULICS/HYDRIOUXIC 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 t~ydroloc Records: There are no records available.

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

no significant floods since construction of the dam.

5.4 Flood Potentials: In accordance with the established

guidelines, the Spillway Design Flood (SDF) is based on the estimated

"Probable Maximum Flood" for the region (flood discharqes that may be

expected fron the most severe combination of critical meterologic and

hydrologic conditions that are reasonably possible in the region),

or fractions theroof. The Probable Maximum Flood (PMF) and PMF

and 100 year flood hydrographs were developed by the H1)C-I method

(Reference 4, Appendix 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

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

hydrographs were routed through the reservoir to determine marxiwm pool

elevations.

5.5 Reservoir Regulations: For routing purposes, the pool at

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

Reservoir stage-storage data and stage-discharge data were determined

-18-
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I

TABLL 5.1 - RL SftVOI R PE-4kMNCIl

ll.,iroQrap h

Normal 100 Yr.
Flow Flood k ]),IF.

Peak Flow, CFS

Inflow 4 5015 12,473 -4,44,
0Outflow 4 387 4,694 ' Z

Maxinm Pool Elevation
Ft, msl 335.6 339.3 343.1 '44.-

Non-(Oer f low Sect ion
(Flev 343 rsl)
D-Ipth of Flow, Ft - - 0.1 .
Duration, Hours - - 1.0
Velocity, fps - - 1.- ,

Tailwater Elevation
Ft, msl 280.2 282 283

5.7 Reservoir Er.rtying Potential: A 30 inch diarnctcr -att j"

elevation 284 ml is capable of draininq the reservoir throu,:h . .

outlet culverts. Assurning that the lake is at normal loO elevato:.

(35 msl) and there is 4 cfs inflow, it would take approxiluntcly

days to lower the reservoir to elevation 284 msl. This is ouivahurnt t(

an approximate drawdown rate of 10 ft/day based on the hydraulic hei Tht

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

by the time to dewater the reservoir.

-20-
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5.8 Evaluation: Th. U. S. ;rmy, Cotjs U liri* rs' 1 .0,!

indicate the appropriate Spillway L~siqri Fhcx (51Fk) f.+r jr. z.: :i.u:. r .,a

size, significant hazard dam is the PMF tb .*-M. I-',K, ', .

involved, the PfI has be n select#-d as t.1 SD1). 'T K s: . lw w I

pass 45 percent of the PMF without overt.j) i:' trk. ro s", . r

(90 percent of the SDF). rDuin,, thl. SLA th&- ar- wxl! L o.r44,-,: u.,

a maximun of 0.1 ft for a Icriod of I Wuur at ,i ", .

1.7 fps.

Hydrologic data used in the evalat ion L-.-tans tc : rctnt iy

conditions with no consideration jiven t.o !,iture dck-v hk.rw.nt.

-21-
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SWIlON 6 - DAM STABILITY

. Fltdation and Abutments: The dam site is located

within the Piedmont Physiographic Province of Virginia. The dam

appears to be founded on residual soils derived frm the in-plaoe

weathering of the underlying bedrock. The Geologic Map of Virginia

indicates the bedrock consists of metamorphosed volcanic to sedimentary

rocks and may include intrusions of younger igneous rocks. No rock

lutcrops 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 from 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 o~mbinations of

sand, gravel, and mica. The test borings indicated the presence of

a very irregular bedrock surface. Bedrock (gray sandy shale) was

excuntered 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-



rirk and bidrock coxxsisted of different varieties of rruca schist .ii,

apparently inclied scattered quartz veins.

The potential for seepage within t foundation was recogni zed

by the geotechnical consultant, since the cx-struct ion of a core trench

was recxm*mded in the design report. The general physical character

of the overburden, i.e., clayey silt and silts consist.ig of variots

combinations of sand and rock fragments will usually allow seepage

to occur. Low core recoveries suggest that the top of bedrock is

generally weathered and fractured, and therefore, susceptible to

seepage. In situ permeability tests made in four of the seven test

borings indicated the peneability condition of the materials encountered

was variable, probably fran msdium-high to low. Based 4)on the preee

of these materials the design report stated that if a positive cutoff

were required, the core should extend at least 10 ft into sound rock.

If not, the core should extend a minuiun depth of 20 ft below the

base of the dam.

Gradual consolidation of underlying soils would be expected durina

application of fill materials. The underlying soils probably had

essentially fully consolidated under the applied load rot long after

completion of construction. Based upon th- rformance histLry of

this dam and the materials present, a stable fuundati:x. is Assumwd.

6.2 Eftbanvknent:

6.2.1 Materials: The upstreen slope is 2.5H:lV with crest at

elevation 343 msl. At apjpoxumately elevation 336.5 =Iw, the slope

flattens to 1OH:lV forming a berm for a vertical distaxv of I ft.

The slope then continues at 3t4:lV to natural 4rxv-id. ?turmal 1Xool lew.l

is elevation 335.5 msl or I ft belhu the tL4. (,t this kMn. The (k-si,

-A 11



IM~~;(JL Jktiz 11W 1 ~ dA~,! Ilk 1 ikit- d t(A- iA-IX-fl AF 1-rmlw b, 2TTIIIEJ e

qtto~chiiicadl c)nsultuit, whficih wuld ,,ive Ow im~raiid facto:i of

safety for the stidi~ drch~komai Lhxlii t icr. '11w ticAoIikstra slope is

2. 5H: IV. A 15 ft wide: sluping wx-re trtncKh w t~h l11:1V side sloj*es

is piovidti. )ik'~thjtj th t-i),iiuit. A typical s4octioin of the dafn

is iilClaitid ofl Plat2 5, Appen~jdix I. The cxurc ard cT ariki -t rmterial

,s Lesiqnatxi Zo)ne A andi is sjA..cifictd to cunsist of "plastic or st3Tu-

plastic silts xvi clays." A thin blanket of topsoil or Zone B material

was sive.-;1id as cojve.r for the 7Zone A soils. Al tholugh two 2ores are

idenlti: icW, for stai I ity purluses tiiis dan is considered a hcrnugerbixus

Stnk'ta1rL. Fil11 material descriptions and cxrpacticw requiremnts

are al i!x livenl ont Plate 5, Aj4xurtiix 1.

Suixra uis and Sepau A draiinaqe blanket covering the

Jczwnstrv.il artw in widtli cxnual to at least 30% of the dami height was

cirr*'Ird~. t: 'it XIONd1nical cyri-sultant. liowever, thu- design

;: w. .~ :i~ixa ~-V~tonl atoe drain was jpromridco to control h

;'irt~at ;c >vl hnoax~n the cxnkteirJnt. Drainaqe details are provided

ofA~r~~xI.TNh six-inch drain was dischariinc 2 -4gr

:n nspuctiun.

't ::t s.-"-r*- uov was observed, how-vcr, sa tura ted areas supporting

mai~r:ra~ uii at t.Ails were ckserved a-long the dow'nstreamn toe of

tikt cturjaxm-vt. Satuw-ted conditions were encountered along the left

4)wstr-i toc 'rim the northerrxmvst ccnetery extendiing soujthward

! rad s 'sit fail struicture (see Field Sketch 1, Appendix III).

4t u' i s~~;uailiarod to be confined to the area occiupied by

.11r Is,, ill ti, aruls imxidately to the east. The water often

4&-1 1 ta' aJ'.L't tnii)1 stkmiI to) flcu' in definite sloping areas.

-24-
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Little or no iron staining was observttd in this area. Wet areas are

probably related to springs which reportedly existed prior to construction.

Moisture or seepage was again encountered alonq the right down-

stream toe, but only between Stations 21+00 and 19+00, where the se-epage

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 or 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:lV on the downstream side,

and 2.5H:lV to 3H:lV 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 IV) were performed

by the geotechnical consultant for steady state and rapid drawdown

conditions for water at maxinrmm 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:

' = 260 c = 9 psi

0' = 30 c = 6.5 psi

For the upstream slope, the factors of safety for a deep circle,

slope stability failure for water at maximum 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,

-25-



analysis for a toe failure for water at mxumni pxol level aid steady

state conditions indicates a factor of safety of approximately 2.3.

A factor of safety of less than 1 was calculated for the rapid drawdown

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

toe failure slide indicates a factor of safety of 4.

6.2.4 Seisadc Stability: The dam is located in Seisnic Zone 2.

Therefore, according to the Recimmended Guidelines for Safety Inspetion

of Dais, 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 fron the available design data (Appendix IV).

The data reviewed were found to be acceptable. The stability analysis

for the downstream slope under steady seepage conditions indicates a

factor of safety of 4.0. This value excoeds the reccmnded factor of

safety of 1.5 included in the Recoimendd Guidelines for Safety

Inspection of Dams, Reference 1, Appendix V. Fbr the upstream slope a

factor of safety of 1.55 was calculated for a deep circle failure for

rapid drawdown. This exceeds the rexmended 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 reccmTened 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.

-26-



Although no undue settlement cracking, or seepage was noted

at the time of the inspection, and the embankment appears adequate for

maxiumn 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 scate conditicns (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 conditions. Assuming these

circtmstances, although damage to the embankment would occur, the

risk of detrimental downstream flooding due to the rapid drawdown

condition 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 naxiium rate

of drawdown which is possible through the principal spillway is considered

"rapid" for the type of erbankment soils used, we reccmnmend 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 considerem detrimntal 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.

-27-



S.)L'flON 7 -ASSESSMEr/,U]EDIAL 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 stncture appears to be sirhlar 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

requiremnt of Reference 1, Appendix V, the factor of safety for rapid

drawdown of the upstream ebankment is inadequate. The stability of

the da is considered adequate for its present condition and at normal

pool level, but inadequate for the rapid ch-awdown condition.

7.2 Reccmwnded 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) Who to notify, including public officials, in case

evacuation from the downstream is necessary.

-28-



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-

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 along the 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-

cormendations for required corrective measures. The importance of this

precaution cannot be overenphasized 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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Qiil e & A.. ts Inc.
P. o. Fox 217
C :?_ e City, V; r gI' i a

Attentien: M.r. ±,rvin L. Crulchfield

.f-I L ence: Su,:-urface ir, -. stigation fcr the tprcpoSed t,-.trican
ccntral Si- tre, -ct '~ n a C a t ,Va.

GFI. Job No. 16181
V1 Job No. 2945

The su ,urfaze investigation for the proposed A..erican Central

5,.T site to be loaated in Sptsylvania County, Virginia, has been

rt suits 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 RAMNPTON G ASSOCIATES

",John H. Brev.er, Ph.D., P.E.
Senior Prpject Enineer

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

/sr CONSULTING SOIL AND FOUNDATION ENGINEERS

P I. %T." 0 AZ •F rjcj CT A S'l-N aON DC CEZAP RAPIDS. IA * DAVENPORT. IA E S IMOtNES. IA IWA CITY IA , C- ZLGO

,.I ) . ....



Tie .rf.fce ivcstig ;tion fcr tie Ix pi,, -d F --n I:le 1, r to he

1 .. ", r t ,V\:,:i C./,ty, \ r;-I a, t'.s L, ' n . .e~ed. Ir .

h t. r c ",:ri- i ,n, -I t-d '.er 2F, 1972, -p

"j,, V r.gs alo::g the center Iine c.f the %. , ],- ; ;.: ::-,ed, a!d :'ic [ e hc es

.'.-g t,.e i e lire L:,d eight zlj(ier holes 1l"!,in *.e ,:o1 ' a:eas c-:e r-

fcr-ed. The deep borings .ere coFpleted on April 6, 1973, tO.f at.,er holes

and probe holes .ere conlucted on ."an,-lury 16,1973 ,rd March 29, 1973,

r-.-ectively. The results of these borings, along with a locat.ior, iagra.,

are inclh'ed in the aip'ndix of this report.

The s-te ir:s; ,.ctior revealed the area to ,0e rollirg :th a

dif.ference in elevation of approxiraiely 80 ft. In the vicinity of the prcpz e

damz the land has been used primarily for farming. Vegetation consists of g:

-s, -d -,.7 es. It is our ur.-. - ig Pat -. is e t ,i be

developed as a recreational horme site.

SUF, SURFACE I'ESTICATION P'OCEDLRS

The borings were performed with a skid mounted rotary drilling rig

which uses various cutting bits and wash water to advance the bore holes.

Steel casing %;as used to keep the bore holes open during the boring cperation.

and in the pressure testing o;,erations. Pepresentative soil sar-rles here

obtained by r.tans of split-barrel sa-<li g procedures in accordance %,ith

AST!, Specification D-1586 (see appendix). In the split-barrel sar'pling

procedure, a 2 in. O.D. ( 1 3/8 in. I.D.) split-barrel sa-pler, 2 ft. long, is

driven into the soil by rcans of a 140 lb. h:--xmr with a free fall of 30 in.,

and the nurber of blows of the ha-,er required to drive the sa-,pler 1 ft.



e£

"-t~~~~~~~~~~~~~. . ...... d},......: ...... d -:.' .............. . . -, .t

* :'. ty '., v'Yr t= ' ., :, . ' ,. n : t. a nl i,. .',t :. , t'. y - ' "

* ~. .... i . .... P . f .r -J d t* -" . . .

iC ?. .1.?; iv- -: , ,.x-e. : 2 t , ,- .-,.,.: tn "" tsr- if n ", " ..:.cc "s :i ... -

: .S
, 
¢, : ,.. . .s *c . *- .. 1', . L_ ,r. . . . . .. , . .- {

:ai::,.e ;-.U , t is ,. ctd t!:-u.;, t.he }.i . :r w.. :'er cf te r: d

a C.......... C .

" : s , h.±rJ ,.;u v: km it s a C : c:. ,.,c. ... r ;{ ..- i r,- .cct: \,. r " .-s-.t ,

..."-'-'s wfli V, rr at.2 a: tim- Ia-,:r:uv cf o '. . . .' - '"::rts,,,, .. for

L -, 1~ VV L! :%iVS t

as to tfcit C:,pC sition ar- 2cZt-tv .C

The testing program coz'isted of perforing the liquid limit, the

plastic lir. it, gradation, cc,::action, consolidation and triauxial tests. The

G Wi t CxA tneI soil IS th CWa.t e r ccontent at whiich the,. soil ra~ses from a

plastic s..e to a liquid state. The plastic limit of a soil is the r.inir.-

/
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t a

].[-d :: rla .: :ed n'. r tI, e u . i!'_,=. r ,i tllre Cont" ent V"a. Z:..c-

"c a T:1, T , d 1.,. . . ..i l y ,, r t,:' t 5t s. For c:.c~h c ::: g

t -,f i.-.:- t - e cr ed. T e r.ults of t e S

" - , - . 2 T. 7..,.- t, 5t'' .'_ s T ,o r 1 Li a 1 5 c r test's c re

e . , , t -, _ . . C -ro* areas e re

atC..-... . .... .. .. . ... ... ent and " ensity to

, r c, s-,. 1 7-., e 3 in. n len.gth and 1.41 in. in

S e. C. C .'l1',-r a C a p CeS C ere L c f*Ied by flL: id p rc. s s Lire and

"- . a: ItLM nI .t heC *oi SCT 7 S faiI ed tFeore the w es ere tested,

i-,,r . :,urat _d ,by -. ans of a bracl. pre-ssure, ari d p e ,.calbility tests

re c c ed. All test data *are , ....ed in the appe:ndix of the report.

In c:;jnc ic~ ih te tsti~g :ccr--i., all s I-7 e s cre visually

classified (in Ve asis of texture and plasticity in accordance with the

fi, Soil Classification Ss ,.. The esti7.ated group s.o accerding

to tl:s .:.-,..< is if.le in tlhe : .z-nt.o' es follow,'ing the descript.ion

Of the soal on the boring lo:s. A brief explanation of the Unified Soil

-sfi:atdion SAl' tet is incluned in the appendix of this report.

In cr.(~c~~ ~th te tst~.~ oir~.~,allsa-les erevisall

clasifid onthebasi oftextre nd stiityin .cor, cewit th



A

S'J 'I FACE ,, ,,. . COTh[i 1 "iO0.S

The in situ soil cciditions -;co'. cd in tl.e suu:face

investigation of the Fa,,n La):e Em will e di sc ssed urder tle fol o',ng

subheadings: Subsurface conditions along the ccnterline of the dam,

subsurface 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 Consultants, Inc., from the results of

the 7 borings performed along the centerline of the dam, vary considcrably.

The subsurface soils consist generally of clays, silts, and wuathered

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

the weathered rock. Results of boring E-2 is fairl>' typical of the resilts

of borings B-I, B-3, B-5, and P-6. At boring lo:ati.on L-2 -he su7f: ce

stratuxn, which consists of grayish brown stiff clay with traces of sand

and quartz 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 approximately 33 ft. to approximately 52.2 ft. there occurs a hard

broin silt. From 52.5 ft. to 60 ft. a gray chlorite schist was enco-ntered.

The distinguishing feature of boring B-4 is the occurrence of gray sandy

shale at a depth of approximately 9 ft. below thc existing surface. This

shale was cored to a depth of 19.5 ft., at which point the boring was

ter-minated.

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

boring location P-2. At boring location B-7 the surface stratum consists of

/

I. ,° .



"-c2.7 5telv 28 N t. of rCd silty c'a ith r;ces Cf Iavel. F:u: 28 ft.

to 48 ft. below, the cxistig surface tiC re cTScu a tough pus;le si Ity

clay with "rats of grgvel. F :n 418 to 70 ft. Ie- o, the existing surfce

occurs a tc2-_uh :a-fl.sh brzn and black claycy silt with a trace of gravel.

From 72 ft. to 100 ft. below the existing surfare, a tough pin) clayey

silt with a trace of fine gravel was eicountered.

Subsurface conditions aio-,;g the centerline of te pipe. It is our under-

standing that the overflow pipe will be laid in the vicinity of boring

B-4. Two probe holes PH I and PH 2 were conducted perpendicular to the

centerline of the dam in the vicinity of boring location B-4. The results

of probe hole 1 indicates that the surface stratun consists of yellow;

weathered rock. From a depth of 5 ft. below the existing surface a split-

spoon saple was taken. The blow co'unts for this sa..le was SO blows per

.2 ft. At crcbe s-: e C.ic. 5c . -  
- c.sis s of sit v

clay with some sand and gravel. Fr:o a dci-th 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 areas. Hand auger holes A-6, A-7 and

A-8 were performed in Borrow Area 1. The results of hand auger hole A-6 is

fairly t)-Fical for the soils encountered in this borrow area. At this

auger location, the surface stratL consists of appraxirately 2 1/2 ft. of

soft yellow and brown silty clay. From a depth of 2.5 to 6 ft. below the

existing s-rface is a fir.. yellow sand) clay which contains a trace of gravel.

From 6 ft. to 15 ft. below the existing surface there is a red and brown

ficaccous sandy silt.

/



Auger holes A-i and A-2 ve-re coinducied in Borrow Area 2. At auger

location A-1, from a depth of 0 to 4 ft. below the existing surface, a red

silt) clay occurs, and from 4 ft. to 10 ft. below t.he existing surface is

a red silt. At auger location A-2, from the surface to a depth of approxi.atel

10 ft., a red and brown sandy silt exists.

In Borrow Area 3, auger holes A-3, A-4 and A-S 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 8 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-S, the surface stratur, which is approximately

1 ft. thick, is a brown silty clay. This stratum overlies a red silty,

clay to a depth of approximately 10 ft.

The specific soil conditions encountered at each boring and auger

location are indicated on the boring logs. The stratification lines

represent the approximate boundary between soil types; in situ the transitions

may be gradual.

ANALYSES & R-COTTNDATIONS

For convenience the analyses and recommendations will be discussed

umder the following subheadings: Stability of slopes, Dam construction,

and Construction problems.

/
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C :\,C_ C, -.... s 0

:o t. fh. I- \tCl tO t.5

be~~~~~~- 1 ter a ~ ti lp-A e ' . ..... ... .' s~ of the .; i y

gt is t C.- C' 1 &i. 'CC il 'e cnrce
:.-. ...... ........... .. :.............-Ii: v a f :, Li: s .c,...-s <.., e\~

, . , t. > ' e . , e I t Cal To 2.S

C C.I ' ICi t i s F:- c.t: , a e C... - -C:-~ l n( St Ci e wi l b c < a d

at t he 1eve cf c 'ne a "o et-.ni ced IreA i n s1C,- e.

In ,: , to Fz- rr n : .: ' , s::.-Il cf C',i r_ S_ ;--c- ' n, ,o

construction of the ci3,= One tria-xial test was .Erfor- ed using raterials

Xr. saI les nri.ed A-3- , A-3-2, A-4-i, and A-S. -ased on lal)rtroy

ccmpaction test data, these sL77, ie: -ere tnc Im -ily x ed, the i ,..sture

content adjusted to 16 , and the triaxial zest sp,:mi2. conpacted to

a dry censity of 110 -,cf. !,cfri tria>i ts:>-, the .Tirie .as

saturated and percability tests cLol'Jcted. U:.er a hydraulic gradient of

5 psi, the rwsured permahi Iitv w.s 2.3 x 10-4 c-:ntintters per second

and under a V draulic gradient of 10 psi the r...r permeility 'as

3 x 10"4 centin-,eters per second. The cc-..pacted soil sample for the

seond set of tri axial tests %,as coposed by Mi.,xing eC.ual parts of soils

fro.T, auger holes A-2 and A-7. Th.se su.les ',ere mixed at a miisture



Inl the aT~emldtx.

i~e., wt ac-at he r, a>: i r. e anticipated

P s- *r, cu rc itn:d o-f slizes was used. For *the

*5 C' cf~aft for a deep circle, slope

..~..r'z.pool level, and steady state

.. ).~filtr cf afev for rapid draw-

L--r -lope, the analysis for a

* -~.-.~zon indicates a factor

* r . t !Ler a t

* rx C XI Iv 2 .3).



C, *Ssof

t t y

' 1 r i 5 c red,

C~ C) C.ae C.c I f "tich

z C y of

T(r C. c L G' c ~ i~

of the daz F-7 r e s ,ii ve',- C' 07- rl 5 -5 r C tI.e c6 a7 urT I C

CtXpeLtd dUe to i tS o vn u.cgh t -As a Yr-sult of t~e \r a ic)r. ir. 1, it

vLriform~ and cra 14 i 1 Clt w r- u -I c

settlement becor-ts too c -e It is ~~l tc a Ir. .v

ef fect s due to c r;ic'r, e] ui-c lv6f .- ' v

construztion t 7hn.us ihs n~.:~' -e ~ : n t

re co,-i.c nd at n s.

The Core. If a positive cutocff is rri.ui. -- d, t1I.e cere of tlce r.'ai~st
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, id at 1 .,csit 10 f et into the sonr, o cl. !r, ed on the C1ring I ogs

The depth to this stratu, vares, based on available suL surface info.rralion,

frit 30 ft. to mre than 100 ft. below the existing gr.nd surface, dcpedirg

,-on location. Sou.rid rocl: -is not u.;coi~r, ere-d in boring E-7, which c t .,ed

to a depth of 100 ft. The a;'-.,rX;rxrte depth to the surface of rock which

Luuld pen.,,it a positive cu toff is pr.,--.led in Table 1, in the ap, _.idix.

Ho ,eer, final elevations of the base of the cutoff trench, bottom of the

core, rust be co'nfi.ed in the field.

If ,.rige umd.r t~he dar is p, -. i sib]e, i.e., a positive cutoff is not

red, it is re -:>ied :Lat the area on w:ich the core is to be placed

K, " .. :: .i 'd t.o a :!: . . t:.j , of ?0 f,-t I c t.c I a e cf the 6am., at all

;,is. Ho-ver, in the vicirity of b Fri4g B-4, ,here the overflow pipe will

r.st, :t re,..-':".:.d "hat "),c -i: :- ' for the cevt ral core cutoff cc.:!rti. e

:r.,, r.r~rag lo..

T . core i" cc.:-2 truct e. ath a dth of 40 pTcrcent cf the z.;.. ira,

;,. ", :' tc5 t:. " , :ns. ..- o ", t cr t~r the c . . ee

. * . , " .-. . . . . ;- ' " :

'. . . t C C ki

V . V ' , . , : . .

-- 'il

7. _



ivi a ble, Zt cn ce c% i:d fr': .&Lr C- :c C, 1~c ~. - c ite

!-.ateripl cany 1be :xed wi th 'Lyrie to :'v-'2e a Ic:

cuf :int ly 1 ow nL -ilt. t c-i: -

.d~i t i oal !:.'orci. u1) ty t will 1.t .-c :c -::2, f.L a::. ~ e

T; r,: _,r1t, '.S of0 r i uT: 1 t o te 1! %fd. Tn :i: on , i t d Ic- ' ;''

to 1L ve -.a'e a:r, ps C-d tv I 1A a -ch f.<t c> rat c. H. -r,

u ith carc. u I fIld c or rol C, I-~ i~fa~ )' I-Y ( CJ d 1 .' ii e

Of c;,$cs a:.-d ha-rrcoWs.

Ea::hicrrk. It is csstrnti al tha,-t fill uILc-d c:Lt }e. IjX.

P.'- C. Ci' h:lv eis C!:, Ic T.L '-M t-

c '02 tS 7.S c cu"C 2 Ca L I . . Z

C. ~'~ - r en,,:crwa2 a I a, b-fc c av

C)t Lt I~ i Ti 1,e

- .. V . ~.'A c 1s 11~ tc

1, I t- L
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Oersize cobbles should be xu'. ed *. t ;... t-L;it r,terials Jprior to

placement in the body of the darn. Assi;ijig lucse lift tlhiclness of 9 in.

will be used, no particle larger tian 5 i rices in 0aoiruun di, _Sion lhuld Le

placed in the darn.

All earthwork operations should be under the full time inspection of a

soils engineer. Special attention should be addressed to corstruction

in the area of the dam abutments, the cutoff treich, and the pipe.

Toe Drain. A toe drain having a miiiraw hei-ght of 30 percent of the height

of the damn. should be provided. The puriose 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 do%,nstre;m slo)e aig;:inst sliding, ard 2) to

control any seepage water as it exits at the dow'n.trea portion of the dam

in such a 6a), that the water does not carry a ay particles of the e.banki'.tnt

'-oil, i.e.,;i1't firg d . ,t '. elp. I - to ;:. 1(- 1: .Ily,

the coefficient of permeability of the material of which the dra.n is construct

ed should have a permeability at least 10 to 100 times greater than that of the

average en.hankmerlt r,;,terial. In addition, the pervious material from which

the drain is constructed must meet the filter requirements for the embanlmrent

r;,,e rial. 7o provide for the adeijuate io' ', ie of %,ater a~id to prevent clogg ing

of the toe drain, m.terial of which the tuc Urin is co;:pused should conform

to the follo%,ing specifications:

1. The 15 1 of the toe dr.ir, (1 ltvr) ..terial (i.e., the
piart ile size which is coarser than the finest 15. of the soil,

[I ) jshould be at l'ast fIve t u-c1s as large as the DIS size of

the ',oil being protected.

2. The 1)15 :,ie of the toe drain (filtt-r) ri.tcrial should not be

larger than five times the 18S siize of the protectvd -oil.



3. ne on e of the ce crain (fi 1 er) r: erial 5.ould
e ,.uihl y the *u :,r- LCe as the " or c ,rVe of the

4. Fi cr I. ld irot . n ro& e tl an i vt 5% of f'-)es ija%-ing

In ', ! , :- ,2i art- I L-' d r.,.9a i.,n c,::' s for t!,e ;:; s' d filter

i.iria1 id c:xts :A: r .,r it , e r:.: e vf r a ls * o te -e in con-

strcti on of the ,: 1 t.-nt. Thf. ;: sed fiItt.r :a -rial :,,a: t ns

1r, in:ely 10 ercent of p:-.ticles finer t ,an the N;o. 200 U.S. St ia,rd

c:t.C.. (;.i> :.'r. ( s:.:-!of Cf C.,74 n) . ,,t- er, .S . c cnt cf t'.S _, e

is co7 si d red the u' r :,nd for saisrac:o:v :fa L : :;ce Cf fi tr r Tr al

T* ,:.. f.,re, .:e t ,:'-¢.cd fil 1 : , : .r a ! iii I. , c :c c .' v .' .t: '

,7 ., ... . .

- , - .

2. ' ,* t . t.L. ( " ) 1 Z , - - }i t . ' . ' ; , . . : , : t ' t



rent and fouiidation without a rcd,,uction in fit-O'ard. F.'don tlhe fine-

jrained te) -e of the soilIs to he used in t~u.-tcorStTruct ion %7.d the

cc'.'SoIi dat: Itst dat a p rcscr.t ed in t his x cport . a c aile r of at ltcast

three fe-et %would appcear to he rxcec-sary.

F:-eccard. Sufficient fiearurst be Jprtvi Jed so that thc re is rio

pc5sibi 1ity, whlatever of the ~ t. :Lntlirig I.: 'ed. The ue

bc~trd is calculated by assumni that the r,;4) H .ri cr flood will occur 1en

tlhe re~.vL\'Qir is full .nrd t' ~~-t~t.i'e ~ hll~vlp~ :~e

s~ime tn~e. fle I'.~r'.i ' -~ it-a thte (L': vcc lIa ontc.....

*,m t r . P T n f C 1 t ., 1:u 1 . t -n ' c.v 'i )i a( n 0 C

a t ot vf Iv o a



- 16-

The _pi!,e and Intale Structure. In order to minim,~ ze secjave a long the

r 0: wich is to ru~n th-:ou,.gh thie eai, the p~ipe 510,1 b eP (-1Li-;e ilh

collIas -SWhi Ch Pro::u a mi i riL. of 6 -icIes from th e o)it er surf'ace of

the Pire. At lcast cne col lar shudbe o. c ,ch sect ion of pipe. C-.rva t

care rust be fxercised to insure that fill to su.rrd the p-ipe is acd'ua: tejv

placed.

There --hould be no f'~nprolnlerr, with a-c-ards to the intake

structure, i;f the rc: raiospresented in this report are followed.

Thisa~ ses :at the 7~t act sr at the 1,ase of the fcurndat ion will not

~~~~C 4C O~ u:t r to cI:ig cojcc--e e, the excavat i on for the

07,,. ICr . :7. t 1 rc ce sI 11 be i ns,ect ed bv a soilI engineer. Steel

cOsRU-TION PPJDELEMS

!~::~ag rut on f thne 6w. it will be necessary to divert the

T~. r ~ an 1,e p' s: o: a cc&fferianm.

* 'r. T, T- e'~~ 5 E c: i a seI d cs Ig n ccons c a C, ns

I' o% l'jopr r, ion f i nug 1 br r ow ma t er 1al1s a nd

2q t1. orc r ,flu d: firenQTt ia Ietl ement c ra cls .'.he

io "I rst bcotrutd aidvto avoi d overt opping-- cr



carnot be stopped to search for adoitiona1 ccmstr-ucticrn .-attei als or to ,C COSS

tn-e .trcontenrt of the soil. It must also be notted that this section,

d,:e to0 cznst-ruct-lon liaw-tati Ons, is epcall). S7us -ptil e to t~le dvl;.

of di fferential settle-ment cracl:s. Conrseqcuently, ccn5s>Tucraiion slcild be

S *-ve n t o p r Cvid extra filter dr~sin the closure s cti or in crder

to control an), lealks de-veloping through crack-s.

The pool fct-3 1ehiAnd the coffe-nm as the ri ver i s r ig div e r-e d

Na fl oo d he s u t a'-,le aaabe b o i:- ow a re as. In such a case, adequate

rFr:'O-;:on for this even-tuality rust be -ace a pr-lori.

Cru-' em'.-tr cu er:" of1 t e '-OS ton of th E, uz~~r ta'l. I - w s 3~e

in or. Iy on e boInIC-;1g , B-.Such ir.f-oi. ior, i s reces sary for the asses sment of

potential problems relating to the reed for dcwatering during excavation

E -~T.Tp. Z C: - C Z ~-:-:s c - c :r-:c'j or, . >

water level rea""ing, it appears that some po~sitive tecn-ri.cue fcr contro!1ling

groundwater will have to be pr.ovided during ccnstructior o-f the core and

,;css*bly the m~ain bodv of the Eajr. In order to assess the extent ofr the

roblm i.t would be- TeceZssary, to install viez:n-eters to reasure water

evoelS over a croof time. The earler t- can be instaflec the r.:re

-7he drain a-,.' r raterial. The toe drain must be cons-ruted of-: a u-

t a nto isLrc matctr al used to co-!struct the toe drain does rnot bTecvme

cn iC 7 .", ;'T 7t, L Z 7j), -7 . 1 St 'C thT..., u iIt Lid thc x r

rcs -7 21 T 5 7!17) I1 T C.-1 z t's .
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iob, proolerns arise v4ich- reouj,. ari ct.':.ges. i-or tF5 -- e7E.son, ii

highly desirable that the Jesigner also have cT.arge of bui lding the 0tt.z'.

PostCoruction OIervations. In order to itisure the dam is erfor)r rig

in the i-ner intended, it is recoc-:;ended that obse-rations of the deam

be ade periodically follov,,ing completion of construction. This is es>:i'aly

r7ecessary, at frecuent intervals, for the first few years following

construction to observe any leal:s arid/or cracling of the dam. Both of t?.ese,

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

c5z,. Consequently, remedies should be instituted i-mmediately upon observation

af deficiencies.

The best assessment of dam performance can be made via instrurents

installed in the dam, e.g., piezomIeters, inclinometers, extensometers,

>._'t.. .:t T'> L_ vtc I v u es re, " ':d 1-2_" -d o Trs ', 1-1

instrt:,entation system for you.

GENEB RAL

7ne analyses and recommendations submitted int this report are

based ,-on the data obtained from 7 borings, 7 aug.er holes and 2 probe

holes performed at locations indicazted or :he enclosed location diagram.

eport does no r ctfIe any Variaions ich ,ay occur between these

pcr.ngs and test lioles. The ratmr[, and c>.tr-t of variations betucen

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

:hen heccr-e evident, it ill be necessary for a rc-evaluation of re-comm.endati on

Of tnis reort to b , ade after prfor-r.inR c.-site i s , rva ions during

cons: rction ard not ing the ch.racteristics of any var iations. It is

,.S... .... ,.... . .. ,. ., . " ,I ' . -- - - --- t---



ne:-.:-Aed that the vatvri al at the base of the dz.::,- core be i-.nzected

by an experienced soil engineer to ensure O.VL et-,. structu -, dre placed

upon suitable materials. It is I rt::nd'd that all striTpir.g and

controlled fill bperati cns be ins.cted b." an -eri.:,d soil enger to

ersure confo- ation with recoIr2 exuatios. If you wish, we would x.eicoe the

opportunity to perform any of the I i rec>::,,ed inspection se-vices for

you during construction. In addition, we ,ould be pleased to review the

plans and specifications after they have bc--m, porared for tfe project so that

we might have the opportunity to ccmrnent upon the effect of soil conditicns

on the design.

This report has beLn prepared 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,

and uili>:ticn of te Rt--ctre as outlisd r=-rein. It is it -d -r

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 determ,,ine how these changes may affect our reco-7.2nd-

ations.

/ , i .
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