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20. Abstract

Pursuant to Public Law 92—367 , Phase I Inspection Reports are prepared
under guidance contained i~p the r’ecommended guidelines for safety
inspect~.on of dams, publts~~d by the Office

: of Chief i of En~ineers,
Washing1ton , D. C. 2031L1 . ‘~rhe purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visual inspections. Detailed
investigation and analyses involving topographic mapping, subsurface
investigations , test ing , and detailed computational evaluations are
beyond t he scope of a Phase I invest igation; 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, geot~ehnic , 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 and
appurtenances , all existing engineering data, operational procedures,
hydraulic/hydrologic data of the watershed , dam stability, visual
inspection report and an assessment including required remedial
measures.
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PHASE I RE ?O~ T

NA TIONAL DAM SAF:~ C~ P~~J’;RAM ~~
- 

~ ‘~~e of Dam : N ount -~H Run No. 50 Darn ~ VA ‘~~703 
.

~~Z1te Virg inia
‘ounty :  Culpeper C~unty

T SCS Quad Sheet:  C’ii .peper West
Stream:  Mountain Run

Mountain Run No. 50 is an e a r t h f i l l  structure 1,000 feet  long and 38
feet high. The principal spiliway consists of a drop inlet to a
66—inch diameter reinforced concrete pipe running through the dam at a
low level. The emergency sp iliway is a 300—foot wide vegetated earth
side channel spillway . The dam is located on Mountain Run about 3/4
mile upstream from Culpeper , V i r g i n i a .  The dam was desi gned and
constructed under the supervision of the U.  S. Soil Conservation
Service and is p resen t ly owned by the town of Cul peper .

The sp iliway will  pass the Probable Maximum Flood (PMF ) w i thou t
overtopp ing the dam. The PMF was based on breaching of three upstream
dants which were previously construc ted with each capable of passing a
flood no la rger  than 1/2 PMF w i thou t  overtopp ing the dam. Therefore ,
based on c r i t e r i a  establ ished by the Depar tment  of the Army , O f f i c e  of
the Chief of Engineers (OCE), the sp iliway is rated as adequate.

The visual inspection revealed no apparent problems and there are
no immediate needs for remedial measures .  The slopes of the dam meet
the requirement recommended by the U. S. Bureau of Reclamat ion  for
zoned ea r th f i ll .  dams . The actual emb ankment structure appears to be
s imi lar  to the “as—bui l t ” drawings.  The dam is adequate  for normal
pool operat ion , but the check ott slope s tabili ty under the f u l l
loading co~~~ tio~ s c~ ruiot h2 rnac~e ~;1thoitt con$;tru~ tior~ records .
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N )UNTAIN RUN NO. 50

SECT 1O~i PROJECT INFOi~MA F ~~~~;

i~~! Ceneral:

L . i . t  Au tho r i ty :  P t t ~~l ic  Law 92—367 , 8 A i .?~~. . 1~i) 72 , au thor ized
tl ’e S.~ :cetary of the Arrri v , ~~ i-ough the Corps o F  ~r neers to i n i t iat e
a n~tt L ) L -t a l  program of F.~t y  inspect ions of da~.’~ th r ou g hout  the U n i t e d
St~it e s .  The Nor fo lk  D i t ~t r i . t  has been assigned t~~i~~ r e spons ib i l i t y  of
supe rvi s ing  the in s p e ct i on  of dams in the Cosm~onw~ o 1th of Virg inia .

1.1.2 Purpose of Insa .’ction: The purpose is to conduct a Phase I
inspection accord ing to the Recommended Guidelines for Safety
Inspection of Dams (See Reference I, Append ix vi i ) .  The main
responsibility is to expeditiousl y identify those dams which may be a
potential hazard to human life or property .

1.2 Project Description:

1.2.1 Dam and Appurtenances:  Mountain Run Dam No. 50 is an
ea r th f i ll  s t ruc tu re  about 1,000 feet  long and 38 feet hi gh. The top
of the dam is 14 fee t wide and is at elevation 403.1 feet m.s. 1. . Side
slopes are 2.5 ho r i zon ta l  to 1 v e r t i c a l .

The princ ipal spiliway consists of a 66—inch diameter reinforced
concrete pipe , running through the dam at a low level. This pipe is
served by a drop—inlet struc ture (riser) located in a low elevation of
the reservoir just upstream from the heel of the embankment. The
crest of the riser is at elevation 384.9. A concrete outlet  struc ture
is provided at the downstream end of the princ ipal spillway so
discharge will not jeopardize the structura l integrity of the dam.

The emergency spiliway is a vegetated earth side—channel spiliway
located off the north end of the dam. It has a bottom width of about
300 fee t  w i t h  a cr eat  at e l e v a t i o n  39 1.2  and sido  slopes of 3
ho rizo n tal to 1 vertical. Sel.~cted topsoil is placed in 4”
thicknesses on the side slopes and on the bottom of the spillway . The
topsoil is well compac ted on the bottom of the spillway.

A 30—inch round corrugated metal pipe with invert at a low level
(elevation 366) enters the upstream side of the riser fro~n the
renervoir. This permits withdrawal of water from the bottom of the
reservoir . An 18—inch reinforced concrete pipe used to supply water
dotmstream to the town of  Cu l peper , V i r g i n i a  runs through, the dam
parallel with the 66—inch p ipe lead ing from outside of the riser and
d i ~;c~~ar ~ os from the r i ght  w~~~1 of the discharge o u t l e t .
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1.2.2 T.ocation: Mountain R’ni Dam No. 50 is loc..r.. d on Mountain
Run, 3/-’. ‘tl . ~ ups t ream of Cu1 2 n ’~~r , Va. The res.. r - ,H Formed by the
darn is ‘ :~~~~

- ;‘ loca l l y as Pe1ha~.’

l.2..~ Si.:e C l a s s i f i c a t i on :  TLe dam is c l a s s i f i . -:.l . n an
“intern ‘ “ s ize s t r u c t u re  I - ’ :.ise of its maxir~ ..~ -n age p o t e n t ia l.
of 10 , OC~ .~r — f e e t .

1.2.. it~~ard Classjficati”n : The dam is locato l n an urban area
and is t~~ r~’fore given a hi gh ~:nuard classification in accordance with
guidelin e. contained in Section 2.1.2 of Reference 1, Append ix VII .
The haz,:rd classification used to categorize dams is a function of
locaton onl y and has nothing to do with its stability or probability
of f a i l u r e .

1.2.5 Ownership: Town of Culpeper , Virginia

1.2.6 Purpose: Flood control and water supply.

1.2.7 Desi gn and Cons t ruc t ion  His to ry:  The dam was designed and
const ructed  under the supervis ion of the U . S .  Soil Conservat ion
Service . Construction was completed in 1972.

1.2.8 Norma l Operational Procedures: Operation of the project is
automatic. The princ ipal spiliway is ungated , there fore water rising
above the crest of the drop inlet is automatically passed downstream.
Similar ly water  is au tomat ica l ly passed through the emergency sp illway
in the event of an extreme flood which fills the flood storage space.
Water can be withdrawn from the conservation storage space as needed
for water supp ly .

1.3 Per t inen t  Data:

1.3.1 Drainage Areas: The dam controls a drainage area of 23.90
square miles  inc lud ing areas to ta l l ing  14.08 square miles which are
contrnll ed by c~n-.~ Nos. 8—A , 11 , ~nd 13 located upstDernn.

1.3.2 Discharge at Darn Site:

Maximum flood at dam site not known.

Princ ipal Spillway :
Pool l evel at emergency sp iliway crest . . . . 607 c.f.s.
Pool leve l at top of darn 740 c.f.s.

Emer~;’ncy Spillway:
Poe , l evel at top of darn 40 ,060 c . f . s .

4
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1.3.3 1~~~ ::nd Reservoir  D a t a :  ~~‘r t i n e n t  data  on t ~.in and
reservoir or :;l~n..in in the fol1o;~i~~ ~n~~te :

Table 1.1 DA” ’~ H I ~ESERVOIR_DATA

Reservoir 
_________

Elevation Capacity 
--

f e e t  A’-’ea Acre Watershed Length
Item t n . s .l .  acres  feet  inch ~~n ( e )  miles

Top of dam 403.1 700 10000 19.1 —

Maximum pool , design
surcharge 393.5 455 4940 9.4 2.6

Emergency spillway crest 391.2 400 4037 7.7 —

Princ ipal spiliway crest (b ) 384.9 254 1942 (c)  3..7 2.1
Streambed at centerline

of dam 365± 0 0 0 0

(a)  Based on 9.82 sq. m i . ,  exclud ing 14.08 sq. mi .  control led by
upstream dams .

(b) Top of conserva t ion  poo l and bot tom of flood control  pool.
(c)  Sed iment 942 , water suppl y 1000.

‘1 
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SECTION 2 — E~ft; ~~~ ~~~ ~~~~ DATA

2.1 Desigt r  ‘l~~ dam was desi gn~’l  ; : H  c on s t r u c t e d  t inder
d i r ec t ion  of th -~ ~~ . % .  Soil Conserv at ~~~ ‘

~ .‘i ce . A s — b u i l t  ‘~rs~, ” :,~s
and comp le te  d-’ .3 ~~ta are a v a i 1 ah i .~ ‘ :Hr o f f i c e  of the 2.
Conservationist , Y .S. Soil Conserva tior 2 cjice , P.O. Bo~: l~

)
~”6 ,

(Federa l Buildin g , ~oom 9201) Richmon~~, “n . 23240.

A geolog ic (fc’undation ) investigat i~~ ;ns conducted at t~ • cite by
the SCS during th~~ initial design stage’~. The investigation in :luded
d r i l l i n g  12 core borings and 45 hand aug~ r holes and excavat~~n~ 78
test pits alo ng tha proposed dam a l i gnment , principal and cmn~ rgency
sp illways and borrow areas. The core borings were drilled into
bedrock and pressure tested down to impermeable rock. Depth to
impermeable rock ranged from 17 to 70 feet along the dam alignment.
Multip le , constant head field permeability tests were conducted in
each core hole in addition to the pressure tests. The test pits were
excavated with an industrial tractor to a depth of 11 feet or refusal
on rock. Geologic logs and profiles were prepared from the core
borings and test p its. A detailed geologic report with foundation
recommendations was also prepared based on the core drilling and test
pits , field testing and geologic mapp ing. The geologic report and
map s are inclosed in appendix IV.

Referring to Plate III and IV , Appendix I, the embankment is built
on res idua l  and all uvial soi ls  under la in  by bedrock wh ich is a comp lex
system of sandstone , shale , siltstone and greenstone . The bedrock has
been subjected to considerable faulting and there are extensive
breccia zones which may be highly permeable in some places.

The embankment structure consists of a zoned compacted earth darn
with a core trench . Where the core trench encountered the fault zone ,
the recommended foundation treatment is to excava te the fault zone
rnate~~i a l  5 f~.er below the base of trench and bockfilled with cornpacte~
M~ ru~ter~ al . c-1’r~er~ tha core trench botto:a resting on fresh or
moder atel y wea thered rock , the rock surf aces were to be cleaned and
slushed grout app lied to cracks and joints.

The alluvium layer along the stream valley , vary ing from 6 — 13
feet thick , consis ts mostly of SM and ML materials. Tbe abutments
consist of weathered rock or residual soils. The zone I material
forming the upstream slope and core of the darn consists of ML and MH
material. The zone II material forming the downstream . shell of darn
consists of SM , (‘t and GP materials. A s’ :&arnary of engineering
properties of the founda t ion  and emhan~nne~ t materials are given in
Table 2.1.

To contro l the phreatic surface and to collect seepages , a
drainage system is located under the do’~ L,; tream portion of the darn. V
The sys tem cons i sts of a trench runn i n~ ‘n rnllel to the axis of dam , 4

6
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f e et  w ’ n nnd with bottom n ’ ‘ 

~)ck , fill ed with ,‘,
-
~ n~ f i l t e r

an i n ter c o p~ H r ’ch w i t h  10” d h~~ ) r f o r at e d  p~ pn
runnH g ,n r n l l e l  to the p r i n~ ~~~~~~~ ~p i l lway  into L~t ‘ I i ng basic .
Six ant i- r ep collars we i-~’ b . i ’~~ round the pr~ nr~~~

’ ., i llway und er
the i-~~~z t  ‘ ‘ ~ and cen te r  p er ’ H~ . r  the dam to con ’ ~n ’ t~ e problem of
p ip in

T e ~~~s.~rgency sp il lwa y I n ’  ed at the l e f t  a h u t n e t  is formed b y a
cut in t o  n u t t e r i a l s  c o ns i s t H~ weathered rock , .. ‘‘N and SM
materi al

The slope stability w a s ’ t ’s cked with the Swedish uircle and the
sliding block methods. The .s1iding blo ck anal ysis  sh owed the l owe st
factor of safety. With full drawdown cond ition , the fac tor of safe ty
is 1.42 for the upstream slope which has slopes 1 vertical on 2½
horizontal over 1 vertical on 3 horizontal below the normal poo l
level. The 1 vertical on 2½ horizontal downstream slope has a f ac to r
of safety of 1.50 under stead y seepage condition and a drain at c/b =

0.6. Additional information on stability is g iv en in Sect ion 6 and in
Appendix V.

2.2 Construction : The construction record s were not furnished by
the SCS Office in Richmond , but they are available from the SCS Office
in Wash ington , D. C.

2.3 Operation: There is no known operation or instrumentation
procedure .

Itt 1974, a subdrain system was built in an area beyond the toe of
the dam , bou nded by the righ t abutment and the stilling basin , to
relieve the problem of excessive wetness in the area which was
frequent ly used by golfers. The subdrains discharge through a 6—inch
diameter pipe which is located at 20 feet downstream of the stilling
basin. No information on the design and construction of the subdrains
‘es ~~ ~i I ab i” •

2.4 Evalua t ion :  Re fer ing  to Plate III, Appendix I , the c u t o f f
trench at the ri ght  abutment  in the “as—bui l t ” case was shallower
than the depth recommended by the design. More importantly, the
cutoff trench did not extend into the abutment rock as deep as
recos~nende d by the des ign.  The wetness in the area beyond the toe at
the righ t abu tment indicated in paragraph 2.3, Section 2 can be caused
by soepa~ n from inadequate cutoff trench construction . Although the
seepn~ e condition is not seriou s at the normal poo l leve l , the seepage
flow shn i 1 ’~ be closely tnontt. nrcd.

Sn ’ Section 6.3 for eva ’uation of the dam stnh i 1H y.

7
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‘RBLE 2.1
SU ~~dAi~Y C2 Sn ‘L OF ENC I N E E R t I i ’~ H’, ” -\

Con so ii ‘In ~ed
Item Classification flry ~

‘nl t Wt. Undrained Strength Compre s~sib lity
p0~

’ 0 c ft/ft
degree psf

Embankment ML 91—107 23.5 1250 —

Embankment ML—MH 80—98 19 1150 —

Embankmen t SM — - — —

Foundation SM 82—103 22 150 —

Foundat ion ML 62—90 15.5 800 .04—0 .

68
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SECTION 3 — V I SU AL !t~’SPECTI0N

3.1 Findings : Hold observation :~ ‘c’ ‘ t i m ed in Ap p e n l i :: H I .
The visua l insp-rcLH’ revealed severa l THen ;  problems . AlttioH,h there
is good growth  of  gin ases on the ninb anl:’; “~~~ and cre st , the en
with in the go l f  Coul ’nC are trimmed too c h ar t .  The concrete s t i l t i ng
bas in  is e x p e r i e n c i l ’~ concrete d e t e r i o ret i ii .  The r ip rap  it:
downstream channe l i s failing with v e g e t a t i o n  growing among
rocks. Al so there is vegeta t ive  growth i n  the upstream s lope  riprap.
Colloida l sediment was evident in foundation drain pipes. The darn had
no sta ff gages or in s t r u m e n t a t i o n .  There was no access to the r iser .
A manhole cover was missing from the top of the riser. About 0.4
miles downstream of dam is a fence traversing the stream. The fence
was co l lec t ing  debris.

There was no apparent evidence of leakage , erosion , undue
set t lement  and seepage , slope i n s t ab i l i t y,  nor improper f u n c t i o n i n g  of
water passages and seepage drain.

3.2 Evaluation: Overall , the dam is in good condition and needs
only minor remedial measures. The concrete sp illway is deteriorating
and will result in exposing reinforcing bars and weakening the
integrity of the structure . Excessive growth in the r i prap encourages
the undermining of protection . The downstream riprap failure enhances
erosion of the stream. The grass in the golf course has been tr immed
too close , exposing the root structure to erosion. The fence
downstream of the dam can serve as a potential obstruction to normal
stream flow.

9



t ECTION 4 — OPE IAT I ),H. PROCEDURES

4.1 Proce , ! :’- e , : Opera t ion  of tH ’ , r~~~nct is a u t o r n a : i e .
66—inch d i amet er  ~~‘Hci pal spiliway I .; :“~ated , there fore ;-.‘~~~~~~~~~ r is ing
above the crest: of the drop—inlet is n;:~ n :atica1l y passed d’ -‘ s ceam.
This in turn .“:tn’naticall y maintains t - pool level at or rio ir
elevat ion 385 f n ~ m .s.l. most of the t~~ :’,l .  Water is automa t l c s l l y
passed through tse ungated emergency sp itivay in the event of :ia
extreme flood which f i l l s  the flood stor~ge space . Water in withdrawn
from the conu~~r ,’etion storage space as needed for water supp ly .

4.2 Maintenance: Maintenance of the project consis ts  mainly of
fertilizing , liming, and mowing the embankment and spillway ; seeding
and mulching bare areas ; painting the trash racks ; and repairing
gullies that migh t occur. Maintenance of the downstream channel
consists  of con t ro l l ing  vegetat ion and removing any debris , bars or
other obstructions.

4.3 Inspec t ion :  The project is inspec ted annually to insure
proper maintenance . The inspection of one dam is conducted as part of
the annual inspection of the works of improvement in the Mountain Run
Watershed . The inspection team consists of representatives from the
town of Cu lpeper , the U. S. Soil Conservation Service , the Virg inia
Soil and Water Conservation Commission , the Culpeper Soil and Water
Conservation District and the Mountain Run Watershed Association .

4.4 Warning System: At the present  t ime , there is no warning
system or evacuat ion  plan in operat ion .

10
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SECTIn s 1IYDRAULIC/HYDROI.N:; I NES IGN

5 . 1  Desi gn: The ~~~~ , s r  an of the c r e s t  (. H v - s i o n  384.9) of tH
d r et i n l e t  to the p r i n - i ;’: l I p liwa y was e s t a b l i  h ’ d  at an elevation

:1 :-:c’u ld provide the c o n  • rv a t i o n  s torage a- H’ ~or sed iment
de :o;it and water supp le . Ti:~ discharge cap ac it y ( t 0 7  c . f . s .  w i t h
r e s or v o i r  level at c r a n t  a ; ’ emergency sp i l lu sy )  o~ the  principal
sp i.llw~iy was e s t abl ish e’ by cons idera t ion  of  :~ l ’ nb- r of factors
includ i ng (1) the c a p a b i l i t y  of evacuat ing t TI ,l El la-I storage space
within a reasonable t in e  ( -4- 10 days) , (2 )  not ps s i n g  damaging flovs
downst ream , and (3)  the cap ab i l i t y  of the r e se rvoir  to store flood
waters. The crest (elevation 391.2) of the em;’rgency spiliwa y was
established at the maxiniu’a elevation reached in routing the principal
sp illwa y hydrograph which resulted from the 100—year 10—day
rainstorm. The e levat ion  of the top of the dam (elevat ion 403.1) was
es tabl ished by the maximum elevat ion reached in passing the freeboard
hydrograph. The freeboard hydrograph is that computed from r a in fa l l
comparable to the Probable Maximum Rainfall as used by the Corps of
Engineers and is therefore comparable to the Probable Maximum Flood
(PMF).

Dam No. 50 is located downstream from three similar dams , Nos.
8—A , 11 and 13. These upstream dams were design by the SCS on the
basis of low standard design criteria and are not capable of passing
the PMF but wil l  pass 1/2 PMF w i thou t  over topp ing these dams . The
freeboard hydrograph for Dam No. 50 is based on the ass ump t ion that
the three upstream dams deteriorate in the PMF and release al l  the i r
storage over a 5—hour period .

5.2 Hydrolog ic Records: None

5.3 Flood Experience: Flooding during Hurricane Agnes in
Cul peper in June 1972 was reduced s i g n i f i c a n t ly by this dam although
it was not en t i re ly completed until September 1972.

5.4  Flood Potential: Design features of the ders s;ere established
by routing var ious  hy drographs as noted in paragraph 5.1.

5.5 Reservoir Regula t ion:  Per t inent  dam and reservoir data are
shown in table  1.1.

Except  for withdrawa l for water supp ly ,  regula t ion  of ’flow from
the reservoir is automatic. Water rising above t he crest ~of the drop
inLet f l ows into this inlet and through the dam in the 30—inch
c o n - ’ r ’ t O  c o n d u i t .  W a t e r  a l so  flows past the d e s  over the ungated
elerge ncy spillway in the event water in the rencevoir rises over the
cr- ’sL of  the sp i llway .
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Outlet discharge c a p a c i ty ,  r ese rvo i r  area and st o  ,e capac i ty
da ta , and h,’d rograph and roii t I n.~ determinations wer ol, nined from
reports :: ; - :omputat ions furn iid J by the Soil Coa ; ’r ’ I t  I on Service
(scs) .  Tbe nout ing  of the emerty’ ::y sp iliway and f’- “~~ t n l
hydrogroph-~ is ’gan with the r ; r ’H r  level at the c n n ~ of the
pr inc ipal c o i l iw a y .

5.6 O~ertopp ing_Potentia l : The probable r i se  i n  rH reservoir
and other pertinent information ni reservoir p e r f o r n i - s a ; ;  in various
hydrogra ph o is shown in the foll’);ing table:

Table 5.1 P’~~ERVOIR PERFORMANCE

Hyd ro~ r aph
Principal Emergency Free—
Sp illway Sp iliway Board

Item 
- 

Normal (a )  (b)

Peak flow , c . f . s .
Inflow 10 N/A 7 ,000 48 ,000
Out f l ow 10 607 3 , 200 40 ,800

Peak elev. ,  f t .  msl 385 391.2 393.5 403.1
Emergency Sp i l iway

Depth of f low , f t .  — 0 2.3 11.9
Avg. veloc ity, f.p.s.(c) — 0 4.5 10.2

Non—overflow sect ion
Dep th of flow , ft. — — — 0
Avg. veloc ity, f.p.s.(c) — — — —

(a) 100—year flood .

(b) Probable maximum flood by COE s tandards .

(c) Maximum velocity at crest about 150 to 200% of the average
ve loc i ty .

5.7 Reservoir Empty ing Potential: The 30—inch corrugated metal
pipe entering upstream side of the riser at a low level wi l l  permit
withdrawa l of about 94 c.f.s. with the reservoir level at the
princ ipal sp iliway crest and essentially dewater the reservoir in
about 2 weeks.

5.8 Ev.sluation: Hydrolog ic and hydraulic determinations prepared
by the SCS an a basis for design of the project appear reasonable.
The emergency spiliway will pass a feeboard hydrograph :hich is
essen tiall y equal to the PMF. The freeboard hydrogr apli assumed
breachi r ,; ct the three upstream darns which were previorisl y cons truc ted
with a l a i r  hazard c l a s s i f i c a t ion .  The emergency sp i l iwa y  is
the re fo re  r e r i s i de r e d  to be a d e q u at e .

12
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SECTION ~ 
- tAN STABILITY

6.1 F,’r :ndation : Mountain H ‘ -sm No. 50 is ‘He”’ ‘ a residua l
and allu ’,i :: 1 soils overly i n g  ,; ~~~~~ ‘ ~rI’iic and sedHa~~ ‘H’ o,sdrock . The
r e s i d u a l  ~~ - ~c formed by we st ’ r • a,,; of the bedroel : or ’ :- ; :  along both
abu tm ent : . Along the chann ~-l s’-c’ ’on , the dam b~ are - .: alluvial soils
deposited Iv Mountain Run. A ;a~.c- ,,,t wide (base) c’it . ’T 5 or core
trench Hy:; the ear th  embankm en t into underlying wearhared bedrock . A
seepage drain , 4 feet wide , r u n ;  a pp roxima tely 600 f e~ t along the
length of the dam 25 feet downstroam of the centerline . The drain
system is also founded on weathered bedrock and varies in thickness
according to local foundation conditions. “As —built ” drawings of the
cu tof f  trench and seepage drain are shown on P la tes  IV and V ,
respec tive ly, in Appendix I. A geologic report of the dam site is
inclosed in Appendix IV. The remainder of th is section deals with
describing the geologic locat ion of the dam site and the foundation
cond itions.

The dam site is located within the Piedmont Plateau Physiographic
Province of Virginia which is underlain by predominately igneous and
me tamorphic rocks of Precambian to Cambian age. A narrow band of much
younger sed imentary rocks comprising the Triassic Basin trend s
northeast—southwest through much of the Piedmont. A section of the
basin cuts through the Cul peper area. The contac t between the
sedimentary rocks of the basin and the older metamorphic rocks to the
vest is a border thrust fault that intersects the City of Culpeper .
Subsequent thrust and transverse faulting which  occurred along the
border area after the basin ’s formation has greatly comp lica ted the
local geology .

The dam site is located less than one mile west of the basin
contact and is underlain by both Triassic sed imentary rocks and older
: atarnor phic rocks . The metamorphic rns c’:s are pnnclornina te. They
compr i se  most of th.~ l e f t  abu t m o n t , th e  n e S i r e  channel sect ion and
par t of the right abu tment. The Precambiam age Catoctin and Lynchburg
formations are the geologic units in which the metamorphic rocks
occur. The Catoctin formation rocks, compri sed primarily of
greenstone with minor amounts of phy lli t e , is perdominate . Mica
schist of the Lynchburg formation occurs in minor amounts under the
channel n-action. Triassic sedimentary rocks inc luding the Manassas
Sandstone m d  Bull Run Shale underlie most of the rigb :t abutment and a
thin zone of sandstone and siltstone underlies a smal l  section of the
l e f t  a b u tm e n t .
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The structural . • 
~t ion shi p be tween ~-s eithin the Tria:;si:

. .Jimentary rock’: ael elder metamorphic s-es” - is very comp l-~::.

~H~~ ral faults war, ‘ ~‘~~ ‘ n ~~~nd and roughl y .‘aced during the
:~p loratory dril e, ’, H .~ of the faults r - fairl y extensiv-~, en -

- er the righ t ab’i:’ ; , ’- .” where Triassic sr~’Hn-: :ntary rocks have
liru st over the o lder  , :et amorphic  rocks •q al ‘~r ether under the c’;: . :

a t ion wi th in the Ca - :’j c tin greenstone . Ate ’r’ :. imate ly 22.5 fast ~,
.

oceccia ted  greens to : -; ’ occurs along the fas ,s l t  con t ac t  under the  ri 1;l t
ibutment and 23.2 f : ’  ~: of brecc -iated m a t e r i a l , s occurs along the
southward di pp ing c on t o r t  under the channel section. The g e n a r n
strike of the Catoctin greenstone is N 35° El. The triassic
sedimentary rocks str ihe N45° E and di p app::ximately 29° SE, hut
in some areas th is  o: ientat ion has been a l t e r e d  due to the faultmn ,~.
Though jointing was fair ly extensive , no prominent system was -

observed . During the Corp ’s visual inspec tion , verification was made
as to the rock types and bedding orientations.

The condi t ion of the founda t ion  m a t e r i a l s  var ies .  The overl y ing
soils especialy the alluvium under the channel section is fairly
dense. The consistency of the residual soils are medium to hard as
indicated by the blow counts on the boring logs. The thickness of the
residual and colluvial soils capp ing mos t of the ri ght abutment ranges
from 23 to 35 f e e t .  The a l l u v i u m  along the channe l section ranges
from 6 to 13 fee t in thick ness and the resid ual soils capp ing the lef t
abutment  ranges from 8 to 25 feet. The condition of the underlying
bedrock also varies. Generally, bad ly wea th ered , hi ghly fractured
rock underlies the soils and becomes less weathered and more
impermeable wi th  depth except w i t h i n  the f a u l t  zones where hi ghly
frac tured and brecciated rock occurs . Competent , unwea thered and
impermeable rock occurs at depths rang ing from 12 to 70 feet  along the
centerline of the dam. The geologic profiles in the geology report
show the zones of weathered and competent rock as well as the
recommended depth for the c u t o f f  trench . As indicated in the “As
Built ” drawings~ plate IV , Appendix I , the cu to ff trench was placed in
weathered bed rock well above the recommended depth , below the f a u l t
zones .  A deep cuto ff t rench b e low the fault zones was recommended in
lieu of grouting because of  the a n t i c i p a t e d  expanse and small
hydraulic head behind the dam. The actual p lacemen t of the trench ,
however , was not below the f a u l t  zones , a decision probably made in
the field during contruct ion. Cons t ruc t ion  reports  were not available
to confirm the actual  grade depth or foundation conditions under the
trench . The drain system was also placed into the weathered bedrock
as indicated on plate VI, Appendix I.

6.2 Embankment: Referring to Plate IV , A ppendix I , the c re s t  of
da rn is 14 feet wide at El. 403.1. The upstream slope is 1 vertical to
2I~ horizontal from Lh crest of dam to El. 381.9 where it f l a t t en; to
1 ver tical to 10 ho r i .”antal forming a berm for a vertical distanre of
1 foot. The slope t N - - i  changes from 1 vertical to 3 horizontal to
n-i tural ground. 2~ ” t hick riprap over 12” of bedd ing material. 1 ;
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nl nt- - .1 at upstream slape .~~~ El. 389.4 to the  ‘~ - :  a to protect tl:a
1 t l ~~’ L ; ’ ’n7fl  shore at t h- i : n -~1~~l pool operat ion . ‘

~
‘
. - core downstre:’~

- ia 1 vertical to 1. 5 ;erizontal , ~nd the nero is covered :.i~~~i - :
d o’a:i ;l asim shell with a ~~~~~ of 1 v e r ti c i l  ta ‘k ’. horizontal fs’c’: th- ~
m e  ; !  ~~;‘ toe of dam. The ;;p t ream slope and c - i s  construcre~1 --- i h
tl L-~-’ ;‘~1 terial compact .- ! i’: ()‘? lifts to 95~ co’;y:.ction at opt i : ! t ’ : n I

1 :5) -:t t: r~ content . The •!; .~rntr eam shel l  is con -~~ - : n  ted with SM , C~- ‘ s’~
(P ..e:crrial compacted in ll~~” l i f t s .  Seepage d a s i a  is located in th
r~’ s ’ ~~~’” ,:s downstream shell 0 feet  from the to:- ~ f the core .

6 .3  Evaluation:

P .3.1 Foundat ion:  ~-~est  dam founda t i ons  are evaluated on th e
basis of potential settlement , sliding and seo~ age. Excessive
se t t lement  of the dam is not a problem because the foundation is
composed of fairly dense soils and weathered bedrock and settlement
was not noted along the dam alignment during the visual inspection .
Sliding within the bedrock is not usually a problem under small , ear th
dams . In add ition , there are no adversel y oriented weak planes within
the foundation rock that would act as a potential sliding plane. The
potential for seepage does exist within the foundation because the
cutoff trench was not extended below the fault zones as recommended .
It was, however , recommended that wher e the cuto f f  trench encoun tered
a fa ul t zone , the fault gouge was to be excavated 5 feet below the
trench and backfilled with compac ted core material. Where the trench
bo ttom res ted on f r esh or modera tely weathered rock , the rock sur faces
were to be cleaned and slushed grout applied to fracture s and joints.
Construction records were not available to determine whether these
treatments were actually emp loyed . The low hydraulic head (less than
30’) and hi gh co st was probabl y the reas on the cu toff  trench was not
extended below the fault zones. It was apparently determined that the
drain system could effectively handle all seepage. At the time of the
Corp ’s visual inspection , seepage from the toe drain was less than 1
gpm and no wet areas , developed since construction , were no ted
downstream.

Since additiona l s~ epage was not noted during the visual
inspection , it is apparent that the drain system is effectively
handl ing  all leakage through the foundat ion  ma te r i a l s  including the
fault zones. Due to presence of the fault zones below the cutoff
trench it is possible that excessive seepage could develope during
high (flood) water conditions . Close monitoring of the tQe drain and
the subdrain outlet should be required during high water condition s to
determine unsafe seepage .
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6.3 . ’ ~mbankment: The -‘e’, ’ •inkment slopes ni- , !  ‘ h .  ‘aquirement
reco;c:le s - ‘I by the U . S .  Bur,:-:’ - , ‘ Rec lamation fo~ - - . :oned
earr,h l i  I c :  ‘is on stable foui: Ii i n (Re f e r ence  7 , . ~~‘ ‘n. . H V I I ) .  Th-
des ign  re ’ a ri ended an o v er b . i  i 1 t - • f 1.0 fee t  to coop - e n  r for
consoli : ’ ~ea of the f i l l  ~ud - “ ‘‘-.dation . The scrt! n it  is based on
a coa pr - ; ;ibilit y of 2% IJor !.‘ i ” - ~t of compacted IHI - : 1  20 feet of
fo,i n — l n t i , -- , .  The embankment  s t ; ’-~~ure was checked w L  ‘ • Swedish
c i r c l e  a- ~ I the  s l id ing  block ;::nthods.  For both -L , ‘ -,i the pool leve l
was as. e - ~~-~c’ncy sp i l iw ay  c r e st , El I .  391.2. As ti; ‘ - : . i is bu i l t  on
stratifi ’,l foundaton , the sli - ~,H~ block anal ys is  she -h the lowest
fac tor of safety. Using a creeL width of 14 feet a i l  heigh t of 37
fee t , ,uii l 8 feet  of f o u n da t i o n , the f ac to r  of s a fe t y  fo r  the ups t ream
slope ic 1.42 for the f u l l  drawdown condition . T u e  f-ac tor of sa fe ty
for the downstream slope is 1.50 for the steady seepage condit ion wi th
drain located at c/b = 0.6.  More in format ion  on the s t a b i l i ty
anal ys i s  is given in A ppendix V. Al though the pa r t i a l  pool condi t ion
is not inves t igated , the s t ab i l i t y  anal yses were based on r ea l i s t i c
soil data and if the embankment has been proper ly cons truc ted , the dam
is adequate for the loading condi t ion at sp illway c res t .  No undue
se t t lement , crack , or seepage was noted at the time of inspection.
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SECTION 7 ASS~~~. l ’  ElT /REMEDIA L Ns.~\ s ’ ,,

7.1  U - n  Assessment: Res.:- , -a c: 1 , Appendix vi ’: , ‘- ‘:~,mmends a
Sp ill wi; 1N•~~i gn Flood equivaHo I. the PMF. Since - s.’ ’. PMF does not
top the n r ’- ’t of the dam , the :aere,00cy sp i l iw ay  ~~

.; c ’ ;  ;idered
adequa

Bose ! on the visua l inspe: Lion and review of e s i s S . og records ,
there is a-a apparent problem L i t  would require im ,,- !Hte action for
the normal. pool conditions . The actual s t ructure  is si,ailar to the
a s — b u i l t  drawings g iven in A p pend ix I. Without  the cons t ruc t ion
record s, the stability of the embankment under designed loading
cond itions cannot be assessed although the embankment slopes meet the
requirements recommended by the U.S. Bureau of Reclamation for small
zoned earthfill dams on stable foundation (see Reference 2, Appendix
vi i) .

7.2 Remedial Measures: There is no immediate need for remedial
measures. However , the fol lowing ac tions are sugges ted and should be
initiated within 12 months. These measure s are suggested for
monitoring and maintenance purposes only.

7.2.1 The grasses on the faces of embankment should be maintained
in such a condition that will facilitate the annual inspection.

7.2.2 Allow the grass on the embankment wi thin the golf course to
grow to at least 4 inches. This is necessary to protec t grass cover.

7.2.3 Repair deteriorating concrete in stilling basin to maintain
structural integrity.

7.2.4 Remove woody vegetation in riprap . Also repair downstream
ri prap protection to avoid erosion.

7.2.5 Suggest to record the poo l elevation , the flow ra tes of the
seepage drain , and the subdrain whenever the pool lovel rises 3 feet
or more above the normal pool elevation . Staff gage or other
equivalent facility should be provided to indicate the pool level.

7.2.6 The current annual inspection program should inc lude a
measurement of the flow rates of the seepage drain and the subdrain.
In the event that the drainage water is cloudy, an an alysis of the
suspended solids should be made to determine the source of the
suspensiar n)lidS.

7.2.7 Replace manhole on riser.

7.2.8 Include in regular maintenance , remova l deliria from fence
located 0.4 miles downs t ream of darn .
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APPENDIX I I I

~~t i ;L~ OBSERV ATIONS

~
, I 1)j~-n: Mounta in  fl - ’ i  O h m  ~o. 50

Cow’itv : C-il peper Y~~t e :  Virg in ia
C o ’Dr1 i :~- - ’ --’s: Lat . 38° 2 7 . 1’ Long . 78° 0 2 . 3 ’
Date  j f  Tn spect ion : 7 Jusi~ 1978
W — it i is-r :  Overcast — T e r np ,t r ~~tur e : 75°F
Poo l ~ 1~-vatioa at T ime of I n -p e c t i o n : 385 ’ m . s . I .
T a i l w — i t e r  at Time of I n s p e ct i o n :  362’ m . s. l .

Inspec t ion Personnel:

Soil Conservation Service
Bill Adams , D i s t r i c t  Eng ineer
Bil l  Bell
James F. Blod get t , Area Eng ineer
Charles McDowell , Asst S t a t e  Engr

State Water Control Board
H. Wi gglesworth

Corps of Eng ineers
W. Barker
R. Cheng
L. J&nes
D. Pezza (recorder)
J. Robinson
K. Brooker

1. Embankment:

1.1 Surface Cracks: The slopes , crest , and abutment contacts
were inspec ted . A fence traversed the dam running from upstream
riprop to t b t  st~ l 1.in hocin. Tie d~ m i.-t covered with t h u
kentucky—fescue 31 grass. Crass left of the outlet works is 3 to ~
fee t high excep t for the toe where it was rcscently ‘nowed to about 4
inches. The vegetation made observations difficuit . The portion of
the dam righ t of the fence is within a golf course - The grass is kept
trimmed to approximate ly 1~ 5 inches on the downstream slope and crest
of dam. Soil cond itions were dry and shrinkage cracks wer~ noted in
the soil. No other cracks were noted .

1.2 Unusual Movement: No unusua l movement was noted ,on the data.
A gain , vegetation inhibited observations.

III—’

. . . .
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1.3 Sioughing and e r o si ou :

No ~ T~’ ;~~H~ or eros-i on i~~i, :  ~~~~. - .1. Past e ros ion  ~~ I’- c c ur r e d  at a
small pn: LH-~ -~~ the toe of t F -  ~~~~~~~~~ Remedial  e f f o r t s  h ’  been
p e r f o rn i ed - s : - . t i e  area is i n o n i L i -  . - ! ‘ -y SCS and town o F H ~~-~ 1 for any
f u t u r - ’- e ro r~~ - ~[ developm~ nt .

1.4 A l i - i s i s i e n t :  The v e r t i c a ~ , ‘~~~~ hor izon ta l  a l i gn” :’~: t  of the dam
did not dr ~-L ,~~ from the a s — h i~~l~ ‘~~- -iwings.

1.5 J~r~j~: The upstream ~~~~~~ portions of the’- dn~ n s t r e a m  area ,
and the art-a of the toe are p r o t - -c t ed agains t erosi on w~~ lh diabase
rock . Ripr’p on the upstream ~~~~~~~ and at the toe was i n  excellent
condi t ion . Li ght vegetation was growing in the upstream slope , but it
is regular ly removed by town officials. The riprap in the downstream
was in a disaray and is discussed in Section 2.3, Appendix III.

1.6 Junc t ions: The condit ions appeared good . Observations were
d i f f i c u l t  due to hi gh vegatative growth.

1.7 Seepage: No seepage was noted . A suhdrain system was
installed at the base of the downstream ri ght abutment in 1974. A
6—inch corrugated metal pipe serve s the field discharg ing into the
downstream channel. Flow was clean and less than 1 CPM. Another
6—inch corrugated metal pipe was located downstream , but is
orientation was undetermined. No other seepage was noted on the
slopes , at the abutments , along the toe or along conduits passing
through the dam. Swamp—like vegetation exists abou t 150 feet
downstream of the dam. This is a natura l condition that existed prior
to construction of the dam.

1.8 Drains:

Two 6—inch corrugated metal  pipes serve the founda t ion  dra in .
Both discharge into the s t i l l ing basin . Plow was minimal and appeared
to ho colored. The basin w a l l s  w~re stained yell ow—brown .

1.9 Ins t rumenta t ion :  There were no instrumentation or staff
gages for the entire dam.

2. WATERWOR KS :

2.1 Intake Structure: There was no access to the riser . The
structure is concrete and showed no apparent deterioration . Two
v e r t i c a l  s h a f t s , withou t manua l controls for regulation of intake
valves , c--- : ten - led above the riser . Th.~ regula t ing works u~~re not
operated d’iria~ the inspection . O p- -cm ings to the riser are protected
with a trash rack. No debris wn’~ lnclged in the imrncdiatc area. The
structure had a safety ladder , bu~ a manhole cover was rnHcing. The
pool e l e v a ti o n  was about 3 feet below the top of the riser.
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2 .2  Out  1 t  W)rks: The 66—iac-ts : s ’ i t e d  concre tt ! c o s , . - - ‘-~ - r ve s  as
the sp ilL .- m ’ .’ r s s ! . ~~in g  f rom the r i s e  t t s  ~~~~ the dam . T!s’- c ’ - ’  - was
pass ing  v ’ry H’ st  - f low . The sp i !  I ’ m : . ’ -~~~~ scharge s i n t o  -~

Anthony  l-a 1! ,~ ~- . ‘ s - -te s t i l l i n g  ba:~~~. ‘The concret s c t r :  t~~~~ -

some d e t e r  j ’ :  ~:: - There are [n t - , ; ’ .r.~ ~-ri t cracks a 1 o s ~-,
c o n s t r u ct i o ,~ - - - s~.-: . The do w a st r - sh ’ : s  of the  l e f t  w~~H - ~~- ; ‘H .~~ona l
cracking . S~~. 5 !  I -- has occurred ar - sod 18—inch p i p--  ct ~~~

- 
-

flow for  w i t c ~- r .~~p ly needs , and arou:~ the sp i l lway ou 1’s . : -re is
evidence c-f co -

~ ~. i c repair in  bo th t } s r ~~c, ar eas , whi ch h~ s ‘~~~

d e t e r i o r a t e d . r~, - t a i l w a t e r  e l e v aH o : t  ~, .iS about 2 f ea t  b- ’~~~.-
invert of the  -~~

- nch discharge p ipe .

2.3 Out let Channel :  The s t i l l i ng  basin serves as th” -.Hscharge
channel. The downst ream channe l i-s r i prap, whi ch ex tend s t ro r n  behind
the stilling ba sin to approxima tel y 50 feet downstream. The riprap
has eroded away in the area behind the stilling basin. The downstream
channel protection has experienced settling and has vegetation growing
in it. The stream is about 2 feet deep.

3. EMERGENCY SP I LLWAY : Most of the sp illway is covered with 3 to
4 fee t of grass. Port ion s of the sp i l lway hav e recen tly been trimmed
to approximatel y 6 inches. The spillway appeared in good condition .

4. RESERVOIR: The area surrounding the upstream reservoir
consists of gentle rolling hills covered with pasture land or woods.
No observations of sediment could be made . The water was turbid and
some debrid was evident . Town officials regular ly remove debris.

5. DOWNSTREAM CHANNEL : The streambed broadens to 20 to 30 feet
and averages 5 fee t  in depths .  A fence crosses the s tream 0.4 miles
downstream of the dam and has debris damming against the fence. The
surrounding fl ood plain is relatively flat. The area right of the
stream is a golf course. There are numberous houses that border the
stream about a mile downstream.
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2. The bc~.ding of time Cmcioctin ~~~~ec) 1 t tocs .o  to Chni sIcS ii’ :; ch iLe frcszst
~~ 45 0 i~ to II j 50 E . The fc-rr :.ar ~tri1:,e occurs (so the a - atlm c-ast of
Cut c-par on thc~ toni-horn ~i.dc of the Cc~lps.s~ or Tritac : i c  b - 5 s i n .  E::.ictl.y
ho~i L ime  irartsvcrce faults  were emp l;cce.ci caimot btc del:cr,.-oic rs d a:; i-icc
hinge ~trea is bc-ne~ith the Triossic batin .
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3. T I e  t :en~~1 c c m  f;tulti n ~~: m t i : ; m ’ d  l
~~ 

the C 1 i ~~~~~l O e O l- 5 ’ f l l t  of L i sts Cuu p- is (-r
f r l a s ; s i c  bass  i i i . i i ;  f c r m : : e r I y c c - s - a  ~t~c I  ti c-i . rite Cmi 1~ - -’ P~~ 

la ss i i

bordered on ii a- S-Sm ’ t i  by a m i s - i t s - a  I f a u l t  . Tb is ; I 5 . 5~~ s : l i t - I l ;  - I f :-sm it ‘a;;a
ca l l  cd l im e ‘i’m - i  s ea’. ic bornc :r fou l  is by St:c-ae (I  921 .) t c h o  c - c ; ;  ci d a m ’ ; ci Liii. s
fault to have a di sp i :: - c a t c n t  of 6, OOU fe et.
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Tn Cu] ~-s’y - m - C~ cm; ’ t:y L l t ’: p05)1) ess of Lisis < s r  Jo: L <~~~ f. I
to he coat ol s~ i .~ ~~~ so . ):t s. i~scsi s aa_ -n I hr  1~:cd: is c -:m -3. e- .:’: : ; - I a- :ecd

hale am;d ssam: - -s m :m _-ae . ‘fh et Lia’ Tris ~s:ic 1.’c . :’-h ;.‘ f :: -mit 0 (~~f . ’~~~~ 20

by t1:~’s:s.tr ~ dis-p
’i: c~ n ’; is c J i  ~csp . a5 ..’Jo a :s1 ~::~ s ..:.; siitc .1. -’ .. - - . J ta:s ; i caI

iOnS C O L t S . Cl t : - a s i ; f :v -.:r te Las ) I t o .  TI’:s’s c:t- L a m - i s : ;  ,‘ _-r s o  ic - ti its dasp ) :5cc
t i - ’- l’cr ’.r- r nocss:J )_ faci~ I us tl ’.c~ tlsicm: _ t 1o.’ c-’;a_:ti t.

~~~~~~~

/~~ 
~~~~~

~~ c:~~~ ~

4. Lastl y, the t.brc-ss~ fOultich -, of i-lie Ts-1;;s.s.Lc s.c-dic-: - c ’ t .S  over ti:o. older
i ; .ss t~ m < , - mm ~p1ii .c rock:;. 1bI a U - I S  c : - ; ; s ; ’ ’d by C O ;- ‘:55 5 L O ~ 151 -‘::s area th a t  was
c;,rct citcclcr ten~~ on.
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I t  can be ceem-c 1i-c-: i t :lc-’ ;*oJ c<g i_ c ionp (S1- e~ t 2) ~nd ci: c-:;c; c- -I . c-as; Lla i l i e
faci  1 h ug u n d e r  $1 to :~~. 50 5. cj e;-;t O d e  Jy Cc-U p ) S c a L e d . h~~~J l i t  I-c - pm - - - s - I :  ~. c . :  i -~~~~ the
f:tu i ti  f l t~ Oil t h e  ~t’o l r ’i )(5 cssC’.p i S m.:ost prcbctb Jy  i uccc -rcsct . lt..-~~- -~ -c , tie ;;o ). r I
i s so inteics~s and d L \-m-l -m ;i fi,cd t:i~~L a tat 1 m ; factory intcscpre I: ;~Li c - s m c:Ot ;IOL icc g v(- ri

Three tln- u t t  fr -cl i:s mire tho:j~ icL to ha prc Sent • The c ; . -~- : is of is ,’ r.c I:1;m - - - u.s
.5 raa~aLc :<e ~~~ ;)u) I )~1Si1 tha)e over C — m t o c l i n  ~m:e~’- m :  l :o1e — I I ’S 10. ’ ssi c. - -:o

fnultc; th rust grcot:ata.-mic over t 5 e l . ? l 5 I~~LOEi O O’i- ~i p— .:ts.---nc -l:c--:;c. J 1 o  . -~~~
‘‘ - is’ L’ault: s - -scs I i t C . ’~ Ci

b~ c-n J II .p IOCCd u f I e L - tie Culf;~ier b~ tii x s’as foam ,:5’ ci . TIme laser f - aiI m; ::y li -ia- la — -O c t
ftii1ilac’c’d in posl-’b’:m s:’;s.:cas t : im.  ‘:s alto. 

—

r-oi.ls; u n — s I c - a t  c m  ~1tc I-h i . ~I0 0 - U s  CG:ep )-.U. j hr -y  rm c;;:~ fc- -s I~ - :t(:ytl ; - 1 J : ,  ft:: and
bench ~oii to ies;Lt 5 u;.~). toil, fcc-si cssadaLa;o , ci .uLarm c , ~ i c s . , f l 5 : 1 ’ : :;5s , ;‘ c : ~ tlic-:” : L :l’ S;t. -

Th e  sti e:s;-i p s—Ltm an is strc.aci y c--atreicclc -s:? dca. aiai tl.c . 11cc ci  -~~~-
-
~~~~ of t h e valleys

r ange fs-o - fairl y stocp ~-ocI:lras. sic-pc-is to gs-;sLie r-uicc-::1. toLl L J .c-~ ct

l~çi tslsc-d ss r r - l  Procc - ’isi c-s

1. Standac— ct l’- .: c - s tssoi oat iCsia, tcsm’:cL tr± s las wore cs:-e~ c ’cLcsd in L1~c c1- ’c 1 1 1:2) (Sc

iiiow comym- t -cos tol:r  -~ ~m i .t’lc LI--c ::ti-
~ ;ch , al 1: Cs 

~
:-  a d  1:as: ;:- . -s- , 30 inch d : up

is-ad 2 inch Snesp).er

Blow count was also tohcn on the drive r-i ps~ e p i.~~c’cci ~~t L b  rc 300 
~~~ 

s.:-]
ito— sets m:mtcl a 24 nch dr op .  The Ii) of time drive pi-1- e is 3 3 /4  inch:::: the
01) is 4 1/4 inci tes , and c-he 0l~ of the coup ] J o g  is 5 inches.

This casing bioc-y count was coaverted to cslnnciard by tlz~ foriau l~t

~~~~~~~ \ \ -— ~~~
~~ 
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I

H - -  tmum;mbc-  r 1>1 0 ? 5

E -- energy -- (s~ csi git; pou’ads) inch drop
II ) -— Ltis ( .de diam-ac c . c- c-
OD - - outaide dccos.: I.’-r
Q —— nun-b ets of coup 1
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‘lime csuu-h. a 2 cepr oses i a :t f:;ctoo foe tlccc :‘ ‘c :h’,c -U m , t’ - - :i-: im - c a of ii.

~oiI. 11mi:s 5,’~m , jtj, im e sm ’:’) 1~~i_” S.c S O l i~~~~ ;iii.u~ ~ i ’ . i  cu-i 3a’ ;- ~ m - iti b: _; d ~~~~

soi 1. -

au - Lrot ass a. ’ a uLs uca i : m s s :  (s alsen mmt five foot t i t :ccval s
Cor ’ o] al-[u- ’m lscI :;.s- . - ‘an :. L:::aJ:ad r-~ -~ in g  o d  cuisv -, .’tsS c-:; :. in ; ;  s’ : 5 -eL ’L ; _ O  ~ ‘- : i

rc-z:din~-,~ ~:erc- J : , i r .  
-

2. Contt::.ol ~~~~ raC:) ii ;j (.c-~,- i am ~~;, - i  c- :‘C ; O s s u -: d s-I: I-I a ~~s~i c- f ,.:. i i
run Lu i ;o~ ii ~~e .  I. t o - )  rc -c h s . To (.‘) i t C , i St  IIs : c le - a rs - C i  

~~~~~~~ 
5 - 5 : 3 1 1 0 i c , ’

dcii ) run • ti e ‘,Ssnacc r - -~ 
;
~~- a  Vt : ) ~~O fe ;: tIcs Is iSt O c 1 to s, ;. ; - b c . a

froui i-h-sc previe sn c -u n .  :i s i. r- S c  givc-i ’_ i~n I ha :-h ;, c -L is:; H e  :.ctc s 1
amid the :;tcb Lc-oei.~:3. ~.IIOi ~‘:  I m c : -  fa r I:i s: i t I l

Th e foria-j ). o i~or 1-~ us
- c-I 1:1;; - cc ::~~ t~~~ : f l  m a n  o f  l:c-3cs a s tc- :,- I. c i~

Is -- Cp 4~—
Cp S ;s 110 fh ._ms~:m ’m — for Li_ a t i 0-;r ” I . c-~~ On : 5  :~~ I . of tIcs u~’ I is ‘~-r

as l.intod 5.~t I- is :: E- ;i, i_ h - ) .~~~ ;;. i -
~ 

‘ ;~~~~~ -

Q i~ Ilas - -. --s t c- r loc~ in ~~;:- .-i

h c~ this b: ’ li;isi: of t he Lc.
~
; c—C as s Li:; :1-sce Li,:;, C ’ ’ ’ m S t s : Y c-f tie ‘— ye :;

t~ cted or (h e  da 1 .-tb 10 LIsa s:.Jc:: t: im lo  Ii t1, i ,i~~ 5.t CS bOV-sc (1:2 t~~ Led

In ti few C O S a C  I-bc cc:.’aI:.:ss-m i: i;c:td h t ; 5 , : - a!- S - I LL’y (:c:- I: so- a m-’::dc- L i i r c c m ~;h
the c-nd of i-he cs st ing .  Ih-. , -:cc the Lot m -ul s ic- -c k is

1-s - -  !~20 0
rh

Q Is the s:sst:or loss in g~~ i

r in the radius  of the casing

h in saire as above -

Perm:enbi .I Ity tests sa’cs:c taken in coil in the area cIe::rc-cl by Ilc~ c 1s i it
npoon sos-pier.

3. Casing ~as advanced into rock. Tlui t t  was: ic-ese i cai: - general  ly lass I
1 1 0 C C !  a that s-you)d c’-’je si i-h o-it casing.

4 .  Tn teoL p i tt ; Si L lmf n I - c  fe- o d a t i on  area i:hc- pc-cl:et ~~: ‘ t m t 5 ( t c .:- ~~1 o t s  \5~~5

La obt :;t n St r ( - : 5 5 ) t  c-st I s le o( ti m e b e m i r i n c ;  r i,r c  n~- , c h  oc the m :oi 1 _

These read ; i — ~~; are ta i-c (.al:c.n on) y :cs a i’~’~ 
ide.

5 ~ m) ‘ n to be ; c ;c-d m s  I - isa Ic-sf ~ 1 ~~-c- 1 
~~~~~~~ 

- f~ cd c . -Cr ’;i-i Ii~~ to t I m C ~

tJ. S. Ds psr tm - es i t  of kr cu I tore :;yat’e;i of :;~ii 
‘ C ’ :scc 1 cat on !, VI t dd  I I ~on

to the .  a nil .cd tys 1~ ism fir t ’- n:h 1 
~yc- r - Ti e- t i t O  U I t b-. I ~;o i i  C 1 s i s : ; I I

cat ’ Gil t5s.Ler-m t~ to gtoip cot  - n t — i  cic sc :plc . - I d l -
~~~ s;I.c - si ~~. 

. ~~~~~~~~~~~~~~~~~~~~~~~~~
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The or i g i i  of th ese cot’~ mire :

i~uc 1s s ser c-cs Dc-c p ly  s:eim t:lmc’ i-cd r a S [ d i a l  fr c -scm Ta 1 rn a i t -  i_ s - i s - k :  e l i :

Lloyd ser m~ -s; - Dr.sc-p )y wt-zs U:m ’c c . I  -
‘ o s i d u c ’c 1 f1~u.,m gm -c (-c m : . I i-nc -

Ui l:e~ , ‘; ‘ i ’ ~ s ~I i m i )  1 05-7 a c - c i d i m m i l f ] ( .I ~ L a

ic-uk cc -ri cs Dc_ st- 1i i’ecl d I Ir e-s  m m !  c~ cc-hi at

C1 eri c1 g cot ’ i . c -m ; - 1-)o;h:rm ~t~’ 1 y dec-p r e s i d ua l  - f i t :  s:: i . ca sc- h

A m 1 um v ial a -- i I occurs-; in  tI ; s.s r ;t reaem v a l l ey : . . It is ~:.c-u sa l l y y o s ,
w~ ih an c-mi L~ 1m J i& h ed -aofil c.

Os i - m s :;e: 1 ~ - La _- (‘or;: Sr i ;  mi l l uv i umsm

C c - cit c-i- 1 j c i.1; - Dan

‘flIa- cc -nb c- i im e of i-icc ( I S S I  5555 5: ms~~ved 1 6’l Ic -r d  i m p a t _ r a s . : ; .  ~~~~ “dog l a ’ ; ” -s -re
p 1 accd S-u i -h ’ s cs;. - -; r a - c I c - r l i m ; c  cml i,i:o d :-.sm . On Li: :-  rJ f i t  csi~ ;t:. - -’.mI: 01 C t : [ H  s-si
3-VsS a jcc d; - ,:ss:; 1 0 5 1 s;fa, i :~~ l:: _’~- )  hm tl ’e d~ _ s ; c c r t : c - s l hi ’  O:i I I , : . i t - il’::
nb-s t;,,unt at sIc _ I ion ~)-1-50 a 240 20 am ’mg I e do .~~ Lroc -m t iOS i m _ s 1~ i aced u t.J - :~ ci:-: I -

c e nt er )  In c

Tr iass Ic sc ’dim ~c _ -mmts  rn-id 1 ctc I~rc.cc:arbi: inn gre ismatosse ;si- e the c-ac-Is types
occ-,rr Lng on tlmi ~ c c i m t c r  I inc of the damn.

13u1 1 Run ~lc;c tm cs acid o\rerly i sm g i’ac ssms: ;: - cs sm ’m n d c s t c : e are Lisa i o i u:a I: i Otis prc-~~ - c m t
on the r! gu t  : b ’t : . .a at  froccm stss i-J c--n 1~(05 on time ci, - ceimt:erl i c - c - to time top of Lice
darn . Those Trinmcsi c formm -:t:tons are t h r u s t  over greens -s tone by a fault tic-it has
2 2 5  feet of brecciated greenclone.

Ee tm ow this feci l t b 1ue gre-en h ard gr eenst o i t e  occur s .  At at a tH on 2+1 7 on the
center~ Inc of tin- d~ scm a fault ims -p }n c ’s Macasses ~andsLone  be l o-,~ Cntoc iin green—
stone. In (he arc-si bct~;eei-i station 2-i-SO and d a l i  on 3-4-50 on the darn cc;nLcrJ lim e
3 f o u l  is are p r es ent .  

-

Frommm station 7.-i-75 to SL O t )  on ~-~5O on the d~ c :m c e n t er )  lisa Ccstoct:-i.n gi-cc-mint’ one.
occurs. This fc c-trot Ion has i i u t c - r spc - r :scd in  t he  isp idote .. hoamib i csrmde - cli ] oria,e
fe dsi ’,~

-’ir its — i qs m t m r t r  gc -eens tomme a r eas  of I i glit gmre c :ms  Ic ) d n p z m r s i  i-c .

Ti-mo fe-i - Is e e c -mr  i n  [ l i i  t : rea . T u e  isove u o m :h l i e r n  of tin-se i~ a low as i r ~iEc
f e - - i l t i-li nt has 2 3 7  fin-I : of hrccc . ai-ccl ir Iat : ( : r I n i  d i  ~p~ ug s o m m I : h m c c r m r d  -

FSOI;) ~ tm1 t I c - m m  R - -50 to c;f:at: ion 11 ’ ! 50 oi-u t i c ’ dcr’c center 1 inc Catoct: 1 c m cli i om.- it ~ eSc - It  St am id ii - 
r.I1 ehi~~i i c- 1’Ct’(:a.~tCuie c-ccur . - 

- -.5- .5----
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Above- II;o C— ,t o c t  ~ c11
1 1,) r j t , ’ a J m  ci : nmmd h I gim ch )e-r i 1~m - gm c r-ncto;ie Trins;;!e

si 1 t a lonc -  (if Lil t? l~- ) ’ I f la t i  ~:om - c- :: t i ’ :-, ’m cccl i- ;; l.a Li ce l e f t ,  of c , t n i : i c-si I 1 - 150  on
(- t,’i i t c - i -i l i m e  of  t lmc d, , c i . T i e  ccsst:mr t bets-sec-is t:I eca fcc-. ci ic - s i : ;  I s ;mca ; : : ; , rd to be 0

l t cont~sts t - T I c -  I:; ) t p l an t s  s; ab ove cit-vat ’ on 375 - 0.

Wc-alla-rc- d ; : ,  i sst - -: --o taimi ~ tIc-st lion diciictc’g rrmtc:d 1110  a ye) lc- -.y c-cd and c-cd
s L  tm L y c-s t-I (If-I) u r i s - ’;; Vii I: lmc  r)~~bt : :b ;mtmarn t  fi oci s t a t i  1:-n 31-7 5 to I -Isa  i c - p  of I l ’ s
dc_ ui . )‘im s :;oI - i s  i-ac -d m , o ; : ; l  ts~i us: C a )  ) u V i . c n ;i . Ti’i c soi l ‘; l m gcs s l;-c :i 23 .0 to
35.0 feet km depth .

Vroas rt’sm t ion 3175 to ~i’;-L i i-;m 7- -~-5 on L I ;- .- d amn c-eu — c - c -  ice  c’]  l i t’1 : 1  to i’m - s ; I
uv ’ a1 

~oi,1 0cc- c- :; - Th s so t I g ’ :Isei-a)  J y  h as: 3.0 feeL  of red lm’c -~~-:,i I-IL or : r -

1 y i ng  0 to 2 .0  ~ - c - l  c-I ) : i -Oy CL ::i;-~ 3.0 Ic-ct a.I gray s-ce t Si-i or CN . ‘fii~ a) )cm - ci :0 - i
range:; up  to 3.0 fr c.t : I i i  d e p t h .  -

T~cs ~d - a l  so - is-::tlic ’ c- c-iI fcc-cm frnct.cc rc-ci grCenstone am id gr( : id i ) S l C f l C  bc-eec- i a
0cc-li- s on tIme - aft a? c Lc;srrc t fro:s st - I on 7-’45 to clot i-_ s c 11 -i-SO on the dam - cc ; it- c - - -

I imie . ‘f im a ::c-I I: ;;;; ~- m s i - m : a i l y 1: . U feat: of yo’i 05J red c ] r - y e y  s i l t  (fIb) ac-cm 1 . - -II
3 _ I) ft -ct: of ye 1 5 7  m~~ ) silty 55,~s .i (5~1) ovc~r c- :-: t i se red  gi c - : - i m c t - n ia  s n-i s a p c c ’l i  t o .
Tiit: d e p t h  0 1  a i i  tscm :,c-s froi m ~k 0  )~~aL to 2-; M foct .

i i c : : m ; t : a t  1 c-_ sc , 150 to ti me : ; t s :  do C - 51_ge of i-ice cc 21:f -m -1:y s f - i )  1 - r y c - i s . m - ’ c ; l d c _ c :~ 1

s :r ::ti c- a-d f at- : c -i ~~l.atuimC oars’ -:::. T h n  s a t ]  ho~ 3 .5  to  f . o If ‘1: of rc:-f ia
ye ’ us; bros-rn hard c: I :‘myey 511 1 (1 L to 1-711 and If over s~~; ::s.ic m ’ccl s i stone - 

-

To i c’m -~e ; t T i g a t e  t i c  center) of i-ice dan 11 drill icolt:; oral 15 i-c-st p i t a  ~. urc
cop ) ;  cc -c ! - The di - i i  h o)  cc are a ;:sferc;d D)~ 4J t:hroc_igi m DII .5) - Tiso Ie~ i~ It: s c

msc - c _ sbc  c - c d  ‘i i’ “0 i l s rocm ’ ; i-t TI’ 32 i_ sb ‘f” 14 amid liT 201 -

Ces ’m t or !  i so  of i-lie PI pe

T u e  c e n te r ’ kie of  the p i~~ crosses the  center) ice of the  d c c  at atmi t: ion 4~-77 . 87
on the  ccni :ec -  : Inc  of t u e  dorm ~c : d d cii iofl J -:-3- ~ .30 on the  c-cu t e r )  l i e  of Ike p i pe .
fhcse c-c’ni-c’s itiec ; I ntersect with ~n nug ” c ~j g~~ O 04’ -

The cen ter ’ tu e of the pipe is p l~~cccl on the Catoct~ mm grcemictone forc’:z’mtfo;i . -
:

With n titi b c-na t  - 1 - i  a lay er of purp i m~ plmy l 1 li - c - (meta ;- ’:’rpkosed acid ‘ ova) occurs

~t S t m m L 1 . O 1 i  1 -1-65 o:i t he p i pe cc-ni _ s c-c -I inc -

A fe-tm ) L is p_ sc s - c - si t m;l t h i n  lime greencti smE ’ f~ oiii :;tOtion 2~ 63 t:o S t aL l  on 3~i43 on
the cc-isles’ Ifie of  L ime  p i pe .

Ii ~i-co nd Ic-i - I pr esen t :  at st at  on 6- i - S O  c-u the  p ii e center ‘ In c  thrust:; Tn mi~~ ic
I c-ne over Cat  oct . l i t  g i - c e u m a t o mi e -

1 s t  1 _ s-ci a ’ sc> ’ 1z p1~~~~~~r ’ :l: on t h ~ C C i i t ( ’ S ’ 1110 i i  t h i s p u p a . Ti i i ~~ 01  l i s t : : :5  hr~g ( - ssc - r. .i l y 3 . 0  f ue l . of )‘l’ ci h ’ t:.’-,i m a c s i l y sil t s:~~t:ii ~:I::y (Iii.) ovc i -~ y i u g  ~-,; : ‘ y c l o y  stu d
sau d (Cl- - s - -i I~I) - tie - us; l iii c; in s-me t gm-ave 1 ((ill ;ciic l If-I) . ~I e a t b e n c d  gr -,e; l one -

wca tlic’: - c’d ;~r ee1 :s : i  c - ::’ 1511111 1 rc-ce ~ - mi nd i1c_~; l f  I mem -ud ~i :y l 1 c _ t e  c - Cc - c - c  s -hov e  l ime
u t c m c - ; . s  I lit -rd -il c - - -k - T h e  dei>tlm of i i i  I a c - I I uv i c - sm and s:~: m i t l i n- :’ ml rock ~ ange cm iron
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APPENDIX V - s-rAB IL ITY ANALYS i ’; :;5 ,- f- ’s~~y

R e I c - - ’c - i - c c c - - c  Appendix  VI , H_ s i c - - s- - ice 2 , the C o l i c - l i P - c - s - ’ -c sed for
s t a t s -  1 s - - :  i c m ~i 1ysi s  and t } m c s  c-c’ s - : ’ : s -  “ c were as f o i l - - ,;::

wI ‘‘~~ ‘c f  crest: 14 fec- ;

EI-- ’ : - s - r i o n  of c res t :  4 O U . P  Et c .
T)cs- s- ,~s- s- j c_ ea jn slope: 1 vert cicc’ :cL on 2½ hor iz orc r _ ci l a toe at El .  363.5
Up c ’. c - ’ - m im slope: 1 vert i c - -cl on 2½ horizontal c-cc fi. 386.9

1 v e r t i ca l  on 10 ho r i zon t s -m i  ta m E l .  385.9
1 v e r t i c a l  on 3 horizontal  to Cl .  363.5

El -c-- c-L ion of emergency sp i l iwa y cres t :  391 .2 ’
Thickness  of foundat ion m a t e r i a l s :  Upper l a y _ s r  — 4 ft.

Lower layer — 4 f t .
Seepage drain at c/b 0.6

Soil Data:

Dry unit wet unit sat. unit sub . unit Ø~~ ~~~wt. wt. wt. wt.
Item Classification pcf pcf 

— 
pcf pcf degree psf

Embankment ML—MH 90.4 115.0 120.5 58.0 19 1150
Foundat ion
upper layer ML 66.2 — 105.0 42.5 15.5 800
Foundation
lower layer SM 86.3 — 117.0 54.5 22 150

Loading Cond i t ion : Poo l level at emergency sp iliway crest .

Minimum factor of safety:

Ms-ncit ctmm drawdawn Ns-’x i.mmcm steady seepage
Method Up stream slope Downs t ream slope

Swed ish circle 2.54 2.10

Sliding block 1.42 1.50

L I
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SOIL CONSCI~\’ATION SLI VI CE — ~‘;r,c i], 7Cc - c - si - scm c c c -  li.mlorntoi’y

300 ‘‘J ” iJ C c - c - i ;  s- , , L incoln , 1;c- h t ’s ms - I -c s-i. 6U~ O8

SUISJI ’Ci: i~NG 22—5, Vi.r c~ isPa ‘r!J2~ 08, 7-7ous - l t c i i . I1 Rut: , 5ite 50 D,vrE: Fcbruar~,’ 9, 1970
(Culpeper County)

TO: louis S. Button, Jr. ,  State Conservation Engineer -

SCS, Richmond , Vi.i-j,~ in ia

- A’J’i’Cs-CJs-’;ICS~”i~3

1. Form SCS—3514, Soil Mechanics laboratory Data , 6 sheets.
2. Form SCS—]23 an—i SCS-128A, Consoiidcit5.on Tcst Du Lu , 2 tests, 6 c-h_ sets .
3. Form SCS—127, Soi l, Pcrmcc:tbility, 2 sheets.

— 1~. For ;: SC S—3 5 5A , Trioxin], Shear Test Data , 1~ r ,liects. —

5 . Form;: SCi3—352 , Compaction ansi Penetration R0c-ic ;tsince, 12 s- :ls -c-el ’- ci.
6. Form SCS—357, Sucnaary - Slope Stability Analysis, 3 sheets.
7. Investigational Plans and Profiles.

- DISCU;3SION -

FOUNDATION

A. Bedrock. The bedrock at this site is a complex system of r ;w:-ic-cton e,
shale , siltstone, and greenstone. Faults and fault breccia zone s
were encountered. The faults are considered to be both thrust and
transverse faults. Refer to the geology report for a discussion on
the bedrock.

The bedrock On the right - abutment is mantled with about 17 to 20 feet
of weathered sandstone talus and fault breccia. In the floodplain
section alluvium ranging from about 6 feet thick to 19 feet thick
overlies the bedrock . In the left abutment residua l soil and c3aproiite
ranging from about 10 feet thick to about 30 feet thick overlie the

- bedrock.

- A significant thickness of fault breccia was encountered in DII )43 at
~ station Bf 00. In this te st hole this zone extends from a depth of

- i8 feet to a depth of 37.2 feet , and it is logged as coarse to medium
sand—size pieces. -

- B. Soil Classification. Nine sample s of alluvium were submitted from
the centerl ine of dam and the centerline of the principal spillway.
The alluviun: is logged as GM, ~~, CL, and MI,. The samples submitted
contain from 15 percent to 99 percent fines, and they are classed

- as SM, ML, CL-ML, and NH.

- 
Three samples of residual soil as -sr i saprolite were submi,ttcd from the

~s- lower left abs-.stm ,cat .  Sample 26-1, representing weathered greenstone ,
contained 65 percent plus No. li- size r aterlal aa received; Sample 25—1, 

~~~~~~~~~~~~~~~~~~~~~~ ‘-- ---~~~~~~~~~~ - - - -  - - - -~~~~~~~~~~~~~~~~~- “- ‘ - -‘ 



louis S. )3utt-on, Jr. 
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Subj: ENG 22—5 , VIrginia ‘~P-O8, Mountain Run, Site 50

representing material at the surface, contained (9 percent finer:; and
Srmflii)ie 22t.l, representing an intermediate zone of weathering,  cor~t rJncd
39 percent f ines.

The gradation of the se sample s is shown on the a ttached Form SCC-354
along with Atterberg limits  for come of the samples.

The log of borings sho~u that some of the alluvium contains 40 to 60
percen t plus No. 4 size material.

C. Dec~~ .ty. Nine hand-sampled , undisturbed core s were submitted to the
laboratory. Seven of the cores are from the alluvium and two of the
cores (31-1 and 31-2) are from a zone described as weathered cand ;tone
talus. Test specimens trimmed from the core s subm itted had the
following densities: -

Density
Sample Classif ication ~~~~~~ - pc-f

- - 
— 309-1 - SM 1.32-1.41 82.4-88.0

- - 
- 

322-1 ML 1.33-1.37 63.0-85.5
- - - - 324-1 CL-ML 1.43-1.4-5 e9.2-90.5

21-1 ML 1.53 95.5
21-2 ML i.l~~ e9.9

. 29-1 MI! 
- 

1.24- \ ‘rr. ii
29-2 i.6~ - 

103.0

- 31-1 - ML -i.oo-i.o8 62.4-67.4-
31-2 

- 

ML 1.14-1.20 71.1-74.9

- D. Shear Strength. Consolidated undrained triaxial shear tests were
made on Samples 309-1 and 31-1. The natural water content was well
below theoretical saturation, so the test specimens were soaked prior
to testing and the degree of saturation was in the range of 90 percent

- on two of the specimens from Sample 1028 (309-1) and 82 percent on
one of the specimens. These specimens contained fairly large pores,
wh ich we think resulted in the low degree of saturation. The degree
of saturation of the specimens from Sample 31-1 were in the range of
91 to 96 percent of theoretical. The shear parameters have been
interpreted as 0 22°, c = 150 psf for Sample 309-1, and 0 = 15.5 °,
c = 800 psf for Sample 31-1.

• E. Consolida tion. Consolidation tests ‘were made on Samples 322-i and
324-1. We had ~ntcnded to make a consolidation test on Sample 309-1
also but we could not salvage enough sample af ter  the shear specimens
had been trimmed. The test data indicate that both Sample 322-1 and
324- 1 have been preconsolidated slightly. 

- 

rn--- -~~~~~~~~ -~~~~~~~~~~~~~~~~ -~~~~~~~~~~-
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Louis F .  Button , Jr. - 3
Subj: E!~U 22-5 , Virginia wp-08, Mount ’ci i i  Run , Site 50

- Th e  data i tid i cs -it e  tha t for the loading rnnge planned a conso] ida Li on
potential  of about o.o4 ft / ft  may he expected for m aterial  l ike
Sample ~22-l , mi nd 0.05 rt/i’t m a y  be expected for material l i ke 324—1.
P,ased on the cotims -oli - lat ion that  oceurrc-d on the t i -laxial  test specimens
from Sample 309-]., ul:out 0.06 ft/ft is-may be expected for th in  type of

rs-s-i.tcrial. Sons-c of the mnsmter ial.u ore not represented by samples and
te sts , but based on the present  data we ~uggcst an average value of
0.05 f t/ f t  be used to represent the alluvium for computation purposes.

F. Penneabfl it1. ]‘c-rmeubj iity measurcs-acnts were made on the consolidation
specimens , and the data arc shown on the attached Forms SCS-J 27. Cut—
off through the alluv ium is planned , however. The invest i uiticn report
points out that the prima ry concern with foundation per~ es- sb i l ity at
this site is in the fault breccia zones which occur to depths in the
range of ~0 feet.

A. Classification. Seventeen samples of available borrow materi .n ls from
the emergency spiil~;ay a rid from the borrow area were submitted to the
laboratory for testing.

Four camplc-s of soil anTI two smnplcs of weathered bed rock were subs-itted.
from the emergency spiliway. The soil samples submitted conta in from
G~ percent to 88 percent fines . Two of the samples are classed as MIt
and the other two are ML. The c-maple of weathered siltstone conta i ned
95 percent plus No. 4- size and the sample of weathered greenstone
contained 86 percent llus No. 4- size as received.

Three of the samples submitted from the borrow area contain 25 percent
or less fines and they are classed as SM, SP-~~1, and GP-CM. The

- - - remainder of the samples from the borrow area are fine-grained. They
conta in from 64- percent to 95 percent fines .  They are classed as ML

- and MI!. The ML’ s have liquid limits of 35 to 45 and P1’s from 5 to 16.
The MI-I ’s have LL’s of ~6 to 89 and P1’s of 22 to 42. Two of the
samples are intermediate between ML and MM. They have liquid limits
of 50 and P1’s of 15 and 18. -

B. Compacted Density. - Standard Proctor compaction tests were made on
twelve of the borrow sample s submitted. The tests were made on the

- 
- minus No. 4 fraction. The maximum dry density obtained on the SM was

104- pcf. The ML ’ s had maximum dry densities from 91.5 pcf to 107 pcf.
- - - The maximum dry density of the M t-I ’ s ranged from 80.5 pcf to 97.5 pcf ,

and the maximum dry densities obtained on the samples classed as ML
or i-Ill were 95 and 97.5 pcf.

~~m e weathered L~ drock , the SF, and the GP-CM represent ~~iafl quanttties,
and compaction tc- s-.ts were not made on these samples. 

~~~~ - - -~~~~~~~~~- - -—~~~~~~~~~~~ -~~~~~- - - -“ ~ --~~~~~~-~
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C. Shea r 6tre .~~th . C o n s o i i d u 1 e~1 um~dn ~ mie l t r i v - :  1 m ( - : i .r - - -

macic on Sas-splum; 13 1 —2 end 15-’i — 1. It , I con - i ~ F d d  l- L t t  L-a ; i - ::  on
- - these two iaimim ple~ s-~i -ic- a gsa-I 1~5j d i~d - : - c ~~~L~~i. O s - i  O s - i  ~-~~a is - t (~, ,~ 

- ~ ~~~ c
yard s 01’ the proposed 110,000 c u b i c  y :iri t 113L ‘ioa U(- m;t On L~ i — i 13
considered to be repre s- ;cat-ative of Sample 120—3 . end. 171--] am; w d ’ l J .

- 
- 

- The tests were ~~~~~~ at 95 i~~rcent of Proctor i e n s it y  wi th a &~~[;rec~ of
saturation in the j~:-:s-~ c of about 93 to 96 parc- :;nt .  The ~~~ s-r  1-a—
rameters ob tained are ç~ 23.5°, c 1250 pci’ ~or Sa mpl e f l2—1 , and

- -  0 = 19°, c = 1150 psf for Sample i~ 4--i.

SLOPE S BTLI~Y 
- - - - 

-

The stability of the proposed slopes was checked with a Svedis-h circle

~nethod of analysis and, with a sl iding block method of ana lys i s .  Toe bed-
rock was of course assumed to have adequate strength for the a l i ~aent
planneLi and. breccia zones are described as too hai-i to drive m ; am s-p le, so
these were also assumed to have adequate shear strength for the analysis.
The alluvium is quite variable and irregu]arly strat if ied.  The data
indicate that the SM like S-u:ple 309-1 Is the most cri t ical  frc-s-u a shea r
strength c- t -andpuint, and, although the most extensive deposit appears to
be dov~.mstream from the base area, there arc thin deposits in both DII 320 -

and ‘JP 29. For this ana lysis the a l l u v iu m  w i n  represented. wi th  a four-
foot thickness of 0 = 15.5 °, c = 800 pc-f material overlying a four-foot
thickness of 0 = 22°, c = 150 pc -f material. 

- 
-

The sliding block analysis  showed the lowest factor of safety for the
proposed slopes. With the ful l draw3own condition assumed , the 2 1/2: 1
Over 3:1 upstream slope has a factor of safe ty  of li~2. The 2 1/2:1
downstream slop.e with the steady seepage condition assumed and a drain
at c/b = 0.6 has a factor of safety of 1.50. A summa ry of the stability
analysis is attached on Form s SCS-35 7 and 3l5A.

CONCLUSIONS AND REC0~-~i4J~2mATI0NS

A. Site Factors. The bedrock at the site has been subjected to consider-
able fau].t ing and there are some fairly extensive breccia zones that

- are suspected of being quite variable and highly permeable in some
- places. Because of the intense and diversified nature of the fault-
Ing, very little is known about the actual conditions of the bedrock.
It is considered, however, that there is a very good possibility -

tha t high seepage losses may occur through the fault zones.

B. Cutoff. Because of the uncertainty regarding the foundation conditions
at this site a deep cutoff trench has been proposed to remove much of

- 
the greenstone f ault  breccia . The cuto ff t rench dep ths proposed in
the field are shown t~ s-; the attached. Form gcg- 315 , sheet 8 of 10. We
concur with the prc,s-~~ :;a l for a deep cutoff tr ’r ch to (1) insure cutoff
in this unpredictabie foun-Int ion , and (2) been~use of the necessity of
providing an inspection t rench to determine ‘~

‘s-o drainage requirements
for protecting the embankment.

4_
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?-~atcr ia l  like  I - s-mp~ as-; ll~ —l , li~0--l , l5~~--1 , 171—1 Is  pre~~ - r - -~ f o r
backfi l l  b~ cuum ;e  it Is c :-:pectcd ti nt it wOn] d be ~- ; I a -i- to -~.-~ ;-k -:1 Ii
than the Mu m a  Lei -iul. W_- - ~u~ ge :;L U~ tt the  L ~cki’i 1i is - a l:ertal Lu

- - 
compac ted to a In i t i im ; u ;mi of 95 percent  of stun :tr~i. Proctor density
with a place s-emit moisture content near opt lmu~.

C. Pr inc ip a l S~~f l  way .  The propo sed. princ i pal [s-pil L-sly location cross es
the centerl :i.mie of dam at about Station 4+’(5 . The ai l .uv ~~ai,s- ov erly ing
bedrock and weathered bedrock ranges from about 5 feet  t hI c k  to ai os-~~
8 feet thick. The tent  data availab le indicate a consolidat ion
potential in the range of 0.05 f t/ f t  may be expected in the ailu .’~ l2 -1.

The channel crosses this alignment near the upper end and we ia; ’ ;est
that the conduit be excavated to at least the depth of the chass -~-! 1.
to provide a uniform foundation.

The potential horizontal s train  at ground suri’aee at this location is
expected to be in the range of 0.006 ft/ft.

D. 1)rain. The bedrock has a complex fault ing pattern, and the geologist
indicated that the faulting was no intense and. d ivers i f ied  that  in-
terpretations based on present data were pvohlc-niatical at best .

We think that the conditions at this site i~arrant a fairly ex t ens ive
drainage sy stems-i even though a deep cutoff Ia; planned. Tentativel y
we suggest a wider-than-normal trench drain that bottoms on 1:c-ci rock.
The location will be somewhat variable i.n the floodplain section
depending on the slopes required for the cutoff  t rench.  The final
determination of the drainage requirements can be best determined
after the core trench is excavated. and the conditions have been
determined by actual inspection.

With the cutoff planned the foundation seepage that wil l  be of concern
will be through the bedrock or the breccia zones. We suggest , therefore,
that you consider a pervious drain fill such as AS’~4 No. 78 or 89 coarse
aggregate for the drain with a transition zone like AS~~1 fine concrete
aggregate between the embankment material and the coarser drain fill.

B. ~~nbankrnent Design. - 
-

1. Placement of Materials. We suggest selective placenent of n-i terl.al&
during construct ion to restrict the plac ement of the Mil matei-ial
to the interior sections of the embankment where it will not be
subj ected to wetting and d~ying. The Si-I, SP-SM, amid. GP-GM like

~amp1es .152— 1 and. 152-2 could be be st  u t i l ized in the downc-~ re:mi
section c the f il l  to faci l itate  drn i.noge w i t htn  the c;nbnnkr;ent.
‘f h -~ ~-~L ’ s a -y of course be used in either the center or the exterior
~ ( u t s - ) n n  eS the fill. Wi th the excep tion of the GP-GM (3.52-2) and
the w e t  thi ri -- I  bedrock from the emergenc y spillway, we suggest i-hat
a) 1 - - S h- - ‘- s - s - b ’tnhacnt ma terials be p]s-nced at a minim um of 95 pc-k -cent
or st- - .n - I a .~ I Prcetor dr ~n s it y  with the control based on the minus

~4 f’rae 1 . un .  P Iuceacat  moisture content shoul d be near optimum.
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Time weathered bedrock from the ciii C l’~iCflcY spl.ilway represents a
small q u a n t i ty un-i it. car t  probably be u t i l ized  above the pi~rL-r it Ic
line in the dovoc -tr iawim sec tion .  A methods specif ~ eation could be
used. for the weathered bedrock and the GP-GM.

2. Slopes. The data and analyses indicate that the proposed 2 1/2:1
over 3:1 upstream slope and ~he 2 1/2:1 downstream slope have
acceptable factors of safety.

3. Set t lement .  We suggest an overfill allowance of 1.0 foot to
- conpensate for residual consolidation in the f i l l  and fotu~gation.

Prepared by:

~7”) g i - ~~~ :~ ~~~~~~~~~~~~~~~~~ - - -

lora F. Donnigan ~~~~
h ead, Soi.l i-~eehanics laboratory -

Attachments

cc: -

Louis S. Button ( 1 ~)
Neil P. Pogner, iJ~pcr Da rb:T, Pa. (2)
Boy S. Decker, Lincoln, Nebr. -

_ _ _
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