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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 ~he Off ice of Chief of Engineers,
Washington , D. C. 20~ 1LI . ‘The purpose of a Phase I investigation is
to identify expeditiously those dams which may pose hazards to human
life or property. The assessment of the general conditions of the dam
is based upon available data and visual inspections. Detailed
investigation and analyses involving topographic mapping, subsurface
invest igat ions , test ing , 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 an d 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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N 0 ’J ’NJ t J  RUN NO. 18

I REPORT

NAT IONALS i) . ’ .:1 SAFETY PROGRAN

Name of  D:~n: Mountain Run No.  ~ Dam #VA 04706
Sta te : V~ -:~~inia
County: i~’:1 peper County
USGS Qucd Sheet: Culpeper W~ ;t
Stream: Balls Run

Mountain Run No. 18 is an earthfill structure 1 ,000 feet long and 38.5
feet high. The princ ipal spiliway consists of a drop inlet to a
30—inch diameter reinforced concrete pipe running through the dam at a
low level. The emergency spiliway is a 150—foot wide vegetated earth
side channel spillway. The dam is located on Balls Run about 3/4
miles north of Culpeper , Virg inia. The dam was designed and
constructed under the supervision of the U. S. Soil Conservation
Service and is presently owned by Mr. John H. Harlow , Route 1, Box 18,
Culpeper , Virg inia 22701.

The sp i l iway wil l  pass the Probable Maximum Flood (PMF).
Therefore , based on c r i te r ia  es tab l i shed  by the Department  of the
Army , O f f i ce of the Chief of Engineers  (OCE) , the sp illwa y is
considered to be adequate.

The visua l inspection revei~led no apparent problems and there are
no immediate needs for remedial measures. The slopes of the dam meet
the requ irement recommended by the U. S. Bureau of Rec lamation for
zoned ea r t h f i l l  dams . The actual  embankment structure appears to be
s imi la r  to the “as—built” drawings. The dam is adequate for normal
poo l oper e~~ion , hut the check on slope s t a b i l i t y  und er  the f u l l
load ;ng cae~ i t  ions cannot be ~~t~Ie w i t h o u t  c o n s t r u ct  ion r ecord s and
calculations.

Submit ted  by :  Approved :

Original 8jgned. 
b~~
.

Original signed. b~
JAMES A . WALS1~ ~ougla8 L. 

UaUe~ ~
DOUGLA S L. HALLE~
Colone l , Corps ( - c  F~~~ineers
D i s t r i c t  Eng i neer

Recon~n er ~~~’- .’ by: 
AUG 3 1

Ori -ial signed by
ZANE M. GOODWIN

1

L _ _  _  _ _  - -~~~



— - — — — ,------— 
~~~~~~~~~~~~ 

-;-----—- . 
~~~~~~~~

- __________________________________________
F- ~‘e~~~~5 -.—~~~~~~‘~~-:“ —

~ 

..

~~~~~

I
I-

w

z

0

I—
(0
uJ

L)

I



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

- _~~_~ 
- -. - -

MOUNTAIN RU~ 
‘ . 18

SI~~TION 1. — PROJE :T .- - Y - ~~MATI0N

1.1 Genera l

1.1.1 A u t h o r L L ~~: Publ ic  Law 92— T35 7 , 2 August  1972 , a, :t. i i n u .; ‘d
the Secre ta ry  of the Army , through the  C or d s  of Eng ineers to i i  ~i a t e
i nat ional  program of  safet y inspec t ion :;  oi  dams through o u t  t~ ie U,iited
Sta tes .  The N o r f o l k  D i s t r i c t  has been C:; ;L ~ned the r e s p o n s i b i l i t y  of
superv is ing  th~ i n ; ~ioct ion of dams in the  Ccr ~uonwealth of V i r g ~ ~ia.

1.1.2 Purpose of Inspec t ion :  The purpose is to conduc t a Phase I
inspec tion according to the Recommended Guidelines for Safet~~
Inspection of Dams (See Reference 1, Appendix VII). The main
responsibili ty is to expeditiousl y identify those dams which may be a
potential hazard to human life or property.

1.2 Project Descript ion:

1.2.1 Dam and Appurtenances: Mountain Run Dam No. 18 is an
earth— f ill structure about 1,000 feet long and 38.5 feet high. The
top of the dam is 14 feet wide and is at elevation 397.2 feet tn.s.1.
Side slopes are 2.5 horizontal to 1 vertical (2.5:1).

The principal spiliway consists of a 30—inch diameter reinforced
concre te p ipe , 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 376.5. A concrete outlet structure
is provided at the downstream end of the princ ipal sp il lway so
discharges will not jeopardize the structura l integrity of the dam.

The emergen cy sp iliway is a vegetated earth side—channel sp illway
located off the north end of the dam. It has a bottom width of about
150 feet with a crest at ele’yation 388.5 and s i de slop~ s of 3:1.
Selec ted t o p s o i l  is p laced in 4” th ickn ~ sscs on the s ide  s lopes and on
the bottom of the spiliway. The topsoil is well compacted on the
bottom of the spiliway .

A 30—inch gated inlet with invert at a low level enters the
upstream side of the riser from the reservoir. This permi,ts
withdrawal of water from the bottom of the reservoir.

There are no fac il i ties for withdrawal of water from the raservoir
f or wa ter supp ly at this time .
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1.2.2 Loc~~~ r- -- : Mountain Run Da:~i . .  i8 is located on L ,- ; l l q  Run
about 3/4 mile p ;~ :~~ -n from Cul peper , V- . The reservoir f o r ~ -

~~ by
the dam is known 1 -c -ilI y as Ball Run.

1.2.3 Size Cl;;~~;ifica tion: The d ;  k classified as CC

“intermediate ” ~~~ -t :ructure because of ts maximum storage ::~~~ ential
of 2,290 acre—fe et .

1.2.4 Haz2r ~ J ns s i fi c a tion :  The d e n  is located in an ur~-an area
and is the re fo re  ~~ven a high hazard cl~~- ;3 i fi c a t i on  in accor:~v’rce with
guidelines conta i;-;d in Section 2.1.2 of Reference 1, Appendix VII.
The hazard cla ssification used to categorize dams is a function of
location only and has noth ing to do with  its stability or probability
of failure.

1.2.5 Ownership: Mr. Charles H. Harlow
Route 1, Box 18
Cul peper , Virg inia 22701

1.2.6 Purpose: Flood Control and water supply.

1.2.7 Design and Construction History: The dam was designed and
constructed under the supervision of the U.S. Soil Conservation
Service . Construction was completed in 1973.

1.2.8 Normal Operational Procedures: Operation of the project is
automatic. The princ ipal spillway is ungated , therefore water rising
above the cres t of the drop inlet is automatically passed downstream.
Similar ly water is automat i cally passed through the emergency spiliway
in the event of an extreme flood which fills the flood storage space.
Water is withdrawn from the conservation storage space as needed for
wa ter supp ly.

1.3 P e r t i ne n t  l T h t a :

1.3.1 Drainage Areas: The dam controls a drainage area of 3.99
square mi les .

1.3.2 Discharge at Dam Site:

Maximum f load at dam site not known .

Princ ipal. Spil.l way :
Pool level 3c emergency spillway crest . . . . 108 c.f.s.

Emergency Sp i1l ~~ v:
Pool level at top of dam 12,340 c.f.s.

4
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1.3.3 Dam and R e s e r v o ir  Data: Pertineul : :Lta on the dam and I’
re~; r v , i r  are shown in th~ fnllowing table: -

Tab le  ~. 1 DM1 AND RESE1LVO J~~~PATA

_________  
Reservoir

~ievation —— --  
Capacity

feet Area A c - -~ Watershed Let~~~~
Item m.s.l. acres lr e t  inches nil~~s

Top of dam 397.2 185 22~)0 10.8 —

Max h: ;u m pool , desi gn
surcharge 391.1 136 1298 6.1 —

Emergency spiliway crest 388.5 120 967 4.5 —

Princ ipal Spiliway crest (a) 376.5 46 270 1.3 0.4
Streambed at centerline

o f d am - 359,t 0 0 0 0

(a) Top of conservation poo l and bottom of flood control  pool.

5
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SEC C ~~~ - — ENGINEERING D-\~~•

2.~ h - ’si gn: The d,~~ -:!:~ ~~~igned and c o n e t ; e c  - - under  the
d i rect ~~~ ; of the U . S .  S o i l  ‘ ee .:~’r v at i o n  Serv ice . ‘.e -‘ - ou t drawings
and co~~, - ’~ ( ‘te desi gn d a ta  are  ::‘;-; i lable in the ol -e of the State
Conse r v .~i. ion ist , U . S .  S o i l  ~ :‘ : :ervation S e r v i ce , P .~ ’ . So x 10026 ,
(Fede~~t l  T~u i ld in g , Room 92O~~ ~~ chmond , Va.  2 32 :-~

) .

A goc log ic ( f ou n d a t i o o )  ~.‘est i gat i on  was c - d : e ~~~d at the s i te  by
the SCS (luring the i n i ti a l ~-~e~ gn s tages .  The i a v ~~~t gation inc luded
dr .ill :’~ 11 core borings aad excava t ing  87 test  p i t s  along the
propos ed  dam al i gnment , pr i~n c i pal and emergency ;;p i l lways  and borrows
areas .  The core borings we re drilled into rock aud pressure tested
where poss ib le .  Mul t i p le cons tan t  head f i e ld  permeability tests were
also conduc ted in most of the holes in a d d i t i o n  to the pressure
t e s t s .  The test p its were Lxcavated with an i ndus t r i a l  t rac tor  to a
dep th of 11 feet  or refusal on rock. Geolog ic logs and profiles were
prepared from the borings and test p its. A detailed geolog ic report
with foundation recommendations was also prepared based on the
borings , test pits and field tests. The profiles are shown as “as
built ” drawing s on plates III , IV , and VI of Appendix I. The geolog ic
report is inclosed as Appendix IV.

Referring to Plate IV , Appendix I, the embankment structure
consists of a zoned compacted earth dam with a 12 ft. bottom width
cutoff trench of variable depth extend ing into bedrock . The cutoff
trench and the inner co re cons is t of most ly I’lL and some CL materials.
The outer shell of the dam consists of SM and some SM—ML material. A
summary of the engineering properties of the foundation and embankment
materials determined by the Soil Conservation Service (see Appendix
VI) is given in Table 2.1.

To control the phreatic surface and to collect seepages , a
drn i neaa s- , n t ~ rn is l o c~~ted eder  the do-~n s t r e a m  p or t i o n  of the dcee .
The d r a in - i g e  s ys t e m  con s i s t s  of a t r ’c e h  4 f e e t  w i de  f i l l e d  w i t h
graded filter material and a 6 inch p e r f o r a t e d  p ipe. Depth of the
trench is variable as indicated on Plate III, Appendix I. An
interceptive drain of similar construction runs parallel to the
princ ipal spiliway to the plung~ pool.

The emergency sp illway , located at the left abutment , is formed by
a cut into non plastic SM mo~ e r i a l .

Tb ’ s l o p e  s t a b i l it y  was ehecked  wi th  the modifie d Swed ish circle
and t h - ’ :;i id ing  block meth o-~s. The c o n d i t i o n s  e~ a e n e c 1  for the
an-a i y~ e are g iven in Sec t~~ - ’  ~ and A ppendix  V. Oa~ y one t r ia l
ana l y s i e  was made us ing  eaeh .: ‘th od  for the u p s t r~’e-~ slope and for the
downs e ’-  slope . The s l d  i n - ~ block method  showed t h e  lower f ac to r  of

6 
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safety for both slopes . With  fu  I 1: -awdown cond it ion , v’ fa ctor of
safety fo r  t h e  upstream slope is ~:.i . The factor of ;;-i~~’ y  for the
down st r e i :i s 1 a ~~:- is 2.27 for the C ,~ atea dy seepage co, 1~~-~~~on with
drain locat .-d it c/b = 0.6. Coni -~~~ :ions for the stab i~~~t~ anal yses
were not a~ a ;t-!ol e.

No j~~f~ t ; ; , ;t  i on  on settlement :;rJ;;is was a va i l ab i - , - opt for a
recommend-i t ion of an overfill of C.4 :oot for the etiib.uik :~~’ .t structure
across the H eod p la in  to compena~~: — ’ r )r foundation and or”~ :akment
s e t t l e m e n t .

2.2 C o n s t r u c t i o n : The conc tr: -tion records were eL fu rn i shed  by
the SCS office in Richmond , but they are available front th e  SCS o f f i c e
in Washington , D. C.

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

2.4 Evaluation: See Evaluation given in Section 6.3.
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Table  Y . 1
SUI’~1ARY OF SOIl IN ~:ER INC DATA

_______________ 

(A) FOUNDAT IO’4 ~t ’~FERIAL 
____________

C o l e L ~~r ency  Dry U n i t  W a t e r  S t r eng th
G i as s i f i c a t i o n  1 i i - i i t s  Wt .  C ont e n t  Parameters  (

~oapressib i l i ty
LL P1 0 C

_________  
pcf % degree p sf _ f t ./ f t .  

-

MR 59 19 62.4 49.8 — — —

35— 39 9 8 4 . 2— 9 4 .2  4 . 0 — 7 . 0  21* 3OO~ .05
SC 26 12 117.0 8.5 — — —
CL 37 14 99.2 25.9 20.5* 125O~ .01
SP—SM nonpiastic 93.0 16.0 34.5k 1000 f 

—

(B) EMBANKMENT MATERIAL

Compaction Properties
Consis tency Dry Unit Opt. Water Strength

Classification Limits Wt . Content Parameters
LL P1 0 C

pcf % degree psf

MR 59— 63 26 8 8 .0—92 . 5  27.0—32.5 — —
ML 22—40 3—7 98.5—111.0 14.5—22.5 — —

**ML nonplas tic 95.8 20.5 30 800 -

CL 28 12 115.5 14.5 — —
SM nonp lastic 114.0 13.5 — —

* Consolidated Undrained triaxial test
+ D i r e c t  shea r  t e s t  ( c o n d i t i on s  for  consolidatien and d ra inage  not g iven )

~~ Consolidated Undrained triaxial test on sample compacted to 95% at
op timum moisture content and soaked for seven days.
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SECTION 3 — VISUAL INSPECT [O~

3.1 F i e ~~ii”~s: F ie ld  obServ -, H re, are outlined jn~~,~’- ’edjx III. There
excessive ‘.~ o i t h  of vegetation 01 ~~o-t ions of the emh ;te -.: -1 et : , righ t  a b u t m e n t ,
at the toe of the dam and w i t h i n  C~~- ’  r i prap in the d i ~~ - i ; .r~~a channel.
However , an area on the u p s t r e a m  t- ~~~nakment as outlir•’l H Append ix III and
noted in 1913 SCS annual inspecti ,e ceport , is thinly vegetated . Several
animal b urroc ’e were noted in tb- e :drcnkment . Also , th’ :ostream embankment
at pool elevit ion has experienc~’d ~‘rosion . This eronie’i t ras  also been
recorded ii rbe 1978 SCS inspectic:’ report and is out lir,ed in Append ix III.
An unimp roved road traverses the emergency sp illway and the crest of the
dam. Coll oid al sediment was evident in foundation drain pipes. The dam had
no sta f f  gages or instrumentation. There was no access to the riser. Manual
controls were not available to test intake valves in the riser.

3.2 Evaluation: Overall , the structure was in good condition at the
time of inspection . However some minor remedial measures are required. All
types of vegetation that have extensive root system should be cleared from
the faces and toe of dam and from the ripraps. The crest of the dam should
be closed to vehicular traffic and the bare spots should be reseeded . In the
event that the traffic cannot be successfull y controlled , the cres t mus t be
protected from erosion with a pavement

.9
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SECTION 6 — Or’Y \iIONAL PROCEDURdS

4.1 Pret’r-’dztres: Opera t ion  of the  projec t is a u t n r ~~1L ~~c. The
30—inch dime 0 0 0  princ ipal sp iil-eny is ungated , there F ire ‘eater rising
above the cr ’st of the drop inlet H automatically pas .;e-I downstream.
Thi s in L I t r ~~ ~ut omatical l y m~ intaHi the poo l level at re: near
elevation 377 ft. MSL most of the t ime . Water is autcr:i: ’ ically passed
through the ungated emergency sp iliway in the event o f e,t extreme
flood which fills the flood storage space.

4.2 Maintenance: Maintenance of the project consists mainly of
fertilizing , liming , and mowing the embankment and spiliway; seeding
and mulching bare areas; painting the trash racks; and repairing
gullies that might occur. Maintenance of the downstream channel
consists of controlling vegetation and removing any debris , bar s or
other obstructions.

4.3 Inspection: The project is inspec ted annually to insure
proper maintenance. The inspection of the 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 Cul peper , the U.S. Soil Conservation Service , the Virg inia
Soil Water Conservation Commission , the Cul peper Soil and Water
Conservation District and the Mountain Run Watershed Association .

4.4 Warning System: At the present time , there is no warning
system or evacuation plan in operation .

10
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SEC fFO’i 5 — HYDR AUL IC/EI Y ’r,OLOG IC DESIGN

5.1 Design: The lov a t i o n  of the c c l  ( t / 6 . 5  f ee t  m . s . 1 . )  oL
drop inlet to tb: ~ci :tcipal sp illway oo; - : ;tablished at an

‘vat ion  which w ot id ~~ovide the coas orv :tH~ ntorage needed fe.
- . - - -1 irnent deposit cod ‘ette r supp ly. The c i - H ty  (108 c.f.s. wi :h
: — ervoir level at c C O : :~ of emergency sp i1l ~-’rv ) of the princ ipal

~~illway was estabii -h’d by consideration oF a number of factors
i~ icIuding (I) the ce~re~~ility of evacuating t h e  flood storage s~~rice

-.-~ithin a reasonable ti - :e (+ 10 days), (2) :e,t passing damaging flo~ n
!o:-rnstream , and (3) tha capability of the reservoir to store flood
writers . The crest (e~ evation 388.5) of the emergency spillway was
established at the maximum elevation reached in routing the princ ipal
sp iliway hydrograph which resulted from the 100—year 10—day
rainstorm. The elevation of the top of the dam (elevation 397.2) was
es tablished by the maximum elevation reached in passing the freeboard
hydrograph. The freeboard hydrograph is that computed from rainfall
comparable to the Probable Maximum Rainfall as used by the Corps of
Eng ineers and is therefore comparable to the Probable Maximum Flood
(p
~tr).

5.2 ~ydrologic Records: None

5.3 Flood Exper i ence :  Flooding dur ing Hur r i cane  Agnes in
Cul pepe r in June 1972 was reduced somewhat by this dam.

5.6 Flood Potential: Design features of the dam were established
by rout ing var ious hydrographs as noted in paragraph 5.1.

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

Except for withdrawa l for water supply, regulation of flow from
the reservoir is automatic. Water rising above the crest of the drop
inlet fl ows into this inlet and through the darn in t I e  30—inch
concretc c o n d u i t .  Water also flows past the dam over the ungated
emergency spil lwa y in the event water in the reservoir rises over the
crest of the spillway .

Outlet discharge capacity, reservoir area and storage capacity
data , and hydrograph and routing determi nations were obtained from
reports and computations furnished by the Soil Conservation Service
(scs). The routing of the emergency sp iliw ay and freeboard
h y drngraphs  began w i t h  the reservoir  leve l at the crest of the
p’-incipal sp illway .

5.6 Overtopp ins Potr~ntial : The probable rise in the reservoir

~rd other pertinent information on reservoir performance in varioes
lty~ rographs is shown in the following table:

11



T:’b ~‘ 5. 1 RESERVOIR P F C d - ~\NCE

_ Hdrograph
Pri nci p:r~ Emergency Fr ~~’-
Sp i l iw e ; Sp iliway foa L’ -.!

Item ~ es l (a) 
_________________ 

(h)

Pei~ flow , c.f.s.
I n f L o w  2 N/A 7,280 24 , ’,~J ’i
O u t f l o w  2 108 1,580 12 ,333

Pea~ d c v . ,  f t .  msl 376 .5 388.5 391.1 397 .2
E :~sr~~’eucy Sp i l lway

Depth of flow , f t .  — 0 2.6 8.7
Avg . ve loc i ty ,  f . p . s .( c )  — 0 3.9 8.1

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

(a)  100—year 10—day volume produces the most conservat ively large
ind ica t ion  of flood contro l storage required. Detailed discharge
hy drograph was not determined .

(b) Probable maximum flood by COE standards.

5.7 Reservoir Empty ing Potential: The 30—inch conduit through
the dam at a low leve l wil l  permit withdrawa l of abou t 108 c.f.s. with
the reservoir level at the emergency spiliway crest and essentially
dewater the reservoir in about 1 week.

5.8 Evaluation: Hydrolog ic and hydraulic determinations prepared
by the SCS as a basis for design of the project appear reasonable.
The sp illway will pass a freeboard hydrogr aph which is essentially
equa l to the PMF. The spiliway is there fore considered to be adequate.

12 

~~~~~-~~~~~~~- - -~~~~ 



SECTION fi - DAM STABILITY

6.1 Fo r - d,~t ion:  M o u n t a in  th ,~ ~ en No. 18 is fo: :~ ‘ -e al l uv i a l ,
terrac ni~~ i- ” -- i d ual soils overl y i:: ’ weathered igneou ; ‘ - -

~ ::etamorph’e
bedrock .  A 12 — f o o t  wide (base)  ‘ i  - r ~f or core trench ~ ~ the ear th
embankment :t1- weathered bedro- -i~. A seepage drain , 4 Fa’t wide , runs
a p p r o x i r n a t ’ ly  660 feet  along tb  :- ;th of the dam 6 .  f - ~~t downst ream
of the c e n t : r ~~ine . The dra in  s y s t e - :  is founded on w e  H~~- d bedrock
and v a r i - ’ ;  i n  thickness a c co r d i n g  t i  local f o u n d at i o ’,  c- er- it i o n s .  “As
b u i l t ” d r a w ’ i , ’s of the c u t o f f  tr :aeh and seepage dra in c’. a geolog ic
p r o f i l e  are i hown on plates III ae— l VI respec t ive ly i n  -~~pend ix I.
The rema inder of this section deals with desc r ib ing  the geolog ic
location of the dam site and the foundation conditions.

The dam site is located within the Piedmont Plateau Physiographic
Province of Virginia which is underlain by predominately igneous and
metamorphic rocks of Precambian to Cambian age. A narrow band of much
younger sed imentary rocks comprising the Triassic Basin trends
northeast—southwest through much of the Piedmont . A section of the
basin cuts through the Culpeper area. The contact between the
sed imentary  rocks of the basin and the older metamorphic  rocks to the
west is a border thrust fault that intersects the City of Culpeper .
Subsequent thrust and transverse faulting which occurred along the
border area af ter the bas in ’s format ion has grea t ly comp licated the
local geology .

The dam site is located approximately one mile west of the basin
contact and is underlain by only the older igneous and metamorphic
rocks. The Triassic basin sediments occur just downstream of the
dam. Syenite, an igneous plutonic rock, underl ies mos t of the dam
site but is overlain by the metamorphic rocks under the left abutment
and channel section. The syenite , however, does comprise the entire
steeper right abutment except for the soil cap. The metamorphic
rocks , which are part of the Lynch burg Forma tion include phy llite,
meta—arkose , and c l - st e .  The phy l l i t e  and slate underlie most  of the
left abu tment above tha syenite. Meta-arkose underlies most of th e
channe l section. In addition , amphybolite dikes occur randomly
throughout the foundation bedrock except under the steeper right
abutment .

Soils overlie all the bedrock and comprise the foundation—
embankment contact. From 4 to 11 feet of alluvial and terrace soils
overlie residual soils and the weathered phylli te and slate along the
left abu tment. From 10 to 13 feet of coarser grained -riluvial soils
direc tly o~erlie the weathered meta—arkose along the cho;ina l section
and approxir~atdly 5 feet of resid ral soils overlie the w ithered
syeni te alan; the right abu tment.

13
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The str :cto-a l relationshi p b -~~~~-: - ‘ i  the variou s rock t ~ ‘ -  is
fa i r ly comp l cy.. Jointing and m i n o r  r~ l a n s i c  normal f r i u l t L  ‘, - rcur
with  in the Is - -sck . No prorn i nent  ~~

- - :
~ 

- ,y s t em however , wr ’ - .o red .
The faultin~ r e~~~~r ;  p e r d o m in at o l y :‘~ t :  contac t of the ‘ -o te and
softer mets—~rr

’-~~~’ and phylitt e , hut l~~~ le fault gouge or Lrreciated
material was e ’- .rL:ntered . However , runn ing sands were n o t :  in a
fault zone at ~~~ - toe of the righ t e~~;t m en t  where the sye :~~’~ ’ contacts
meta—arkose. Tho amphybolite dikes intrude the other roc~:-~ i n zones
that strike n .irly parallel to tli~- -dac -t a~ ignment . The0srH~~~ 8sity of
the metamorph i e rocks strikes N;2 to 47 E and dips 35 t’- -‘3
SE.

The conditi on of the foundation materials varies according to the
composition. The soils are relatively soft or loose near the surface
and become harder or more dense with depth as expected. The alluvial
soils under the channel section are especially dense. Fairly dense
and impermeable residual soils overly the weathered bedrock
throughout. The weathered rock proved f a i r ly impermeable during f ield
testing except at one fault zone previously mentioned and within some
bad ly fractured meta—arkose near the toe of the left abu tment. The
geology report recommended the cutoff trench be placed to 40 blow/foot
residual soils under the left abu tment and channel section and to the
shallow (approx. 5’) top of weathered rock under the right abutment.
The detail of the cutoff trench shown as plate III, Appendix I , shows
these approximate depth s , however , the f ina l depth of the trench was
to be determined by the field engineer. It is apparent , though , that
the trench was not placed below the fault zones.

Construction reports were not available to check the actua l
figures or determine the actual foundation materials and their
conditions at the bottom of the cuto ff trench and below the seepage
drain . It is assumed that the trench was placed into impermeable
residual soils or weathered bedrock as recommended and that the
seepage drain was founded on impermeable weathered bedrock as shown in
the de ta il on pla te VI , App endix I.

6.2 Embankment: Referring to Plate No. IV , Appendix I , the crest
of the dam is 14 ft. wide at El. 397.2. The upstream slope of the
shell is 1 vertical to 2—1/2 horizontal from the crest of dam to El.
378.0 where it flattens to 1 vertical to 10 horizontal.forming a berm
for a vertical distance of 1 foot. The flat berm protects the
upstream shoreline from erosion during the normal pool operation .
From El. 377 , the slope changes to 1 vertical on 3 horizo:tal to
na tu ral ground . The downstream slope of the shell is 1 vE rt ica l to
2—1/2 horizontal from crest to toe cif lam . The upstream s1 - ’pn of the
inner core ic 1 vertica l to 2—1/2 hn’~~-:~~nta l and it fo lio -.rc
e s s e n t i a l ly tb~ out l i ne of the u p o t r e 1 : c  shell. The down i~ rearn slope
of the inn~’r ccc is 1 ve r t i ca l  to ? i’ rizontal. The inner care is
cons t ruc t ed wi th mos t ly  ML and some CL n .it e r i a l s  compacte~ in  9—inch
lift at or above the optimum m o i s t t r r , ’ c on t e n t .  The Outer  ~holl is
constructed with SM and non—plastic ~2- material compac ted ic 9—inch
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lift. The seep ’ drain is located cI lie outer shell r.~~ - r  L’l under
the downstr~’a~u p 1- i on of the darn. .~.l ‘ug h no spec i f i c d ‘ :-csi ’~r1 is
given on Plate :‘t , :i ppendix I, the loc e f icri of the drain ap~ - to
s a t i s f y the  d o - ; ~ :: cond i t ion  of c/b —

6.3 E v n l u c t i ’ - e:

6.3.1 F ot t ’~- H t H n :

Most dan, frrr” ictions are eva1~ ared on the basis of poter’tial
se tt lemen t , s l i d j : i ~ and seepage . Exc csive settlement of tli” dam is
not a problem Is reuse the foundation i-s composed of fairly d~ ;ise soils
overly ing w e a t h , ’ced bedrock and settlement was not noted aloflg the dam
alignment during the visua l inspection . Sliding within the foundation
bedrock is not usually a problem under small, earth dams . In
addition , there are no adversely oriented weak planes within the
foundation bedrock that would act as a potential sliding plane . The
potential for seepage does exist within the foundation since the dam
is founded pa r t ly on soil types that are fa irly permeable and overlie
fau l ted  bedrock . The c u t o f f  trench and seepage drain were placed
below the permeable soils but not below the fault zones. Since the
hydraulic head beh ind the dam is only 8 feet during normal pool and 20
fee t at the emergen cy sp iliway , it was probab ly de term in ed tha t unsa fe
seepage would no t deve lope thro ugh the fau l t zones at those low heads ,
thereby e l i m i n a t i n g  the need for a deeper trench . This is a va l id
determination especiall y since no seepage has ever occured downstream
of the dam. It is recommended , however , that close monitoring of the
toe drain and downstream area be done during high (flood) water
cond itions to assure against unsafe seepage .

6.3.2 Embankment:

The embankment structure was checked with the modified Swedish
circle and the sliding block methods. According to the available
information given in Append ix VI, only one trial analysis was made for
the  u p s t r e a m  s lope  ‘by each m ethod . S i a i l a r i l y .  cr1 ;’ or  t r i ~~1.
anal ysis was made for the downstream slope. The factor of safety
determined are therefore not the min imum factor of safety for the
slopes. The factor of safety presented below refers only to the trial
analysis. This is not the customary procedure used in stability
analysis. As the dam is built on stratified foundation , the sliding
block method showed the lower factor o~ safety. Referring to A ppendix
V , the factor of safety for the upstream slope is 2.25 for t h e  full
drawdown cond ition from pool level at emergency spillway crest
elevation 386.9 ( a c t u a l crest e l e v a t ion  ii 388.5 ft.). Thi- factor of
safe ty for the do~’i stream slope is 2.27 for the full stead y seepoge
cond it ion (poo l l - ~’.’c’ l at EMS ) w i th  d r a in  located at c/b = 0. f . The
embankment structure considered for th ’~ Swed ish c i rc le

- - - - -  ~~~~~~~~~~~~~~ - -“ 
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r :’thod is different Irom the sliding block ‘thod given in Appea.Y::
- \.L. The embankment structure used in the si~~d ? ng block method  i s  n - r s 

entative of the nc~ ual embankment w h i c h  u analysed as a
r :’ : . ’t ure with a 14 f~~. ~iide crest and 32. 1 Tr . hi gh fill sect ie- o~ :rf t .  of founda tion. ~

-
~~ ‘ calculations for U-~ ; t ibili ty analysec -~~e -

, ‘ - ‘ ‘  table. See Append 1 ;.: V for additional liTh -r-:tlon on s tah .H i t j
an ’1 , s e s.

The embankment si ;’ : ‘S meet the requir :’r - t  recommended by the U.S.
Bureau of Reclamation f- -i ’ small zoned ea rth  f i l l  dams on stable
fo:eidatiort according to Reference 2, Ap p e n d i x  VI I .  Since no un:~u :’
.. -r t l ement , crack or aoepage was noted at the  t ime of i n s p e c t i o n , ~t
appears  that the enban~ ment is adequate for normal pool level at E l .
376 .5  f t .

16
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SEt; flON 7 ASSESSMENT/;U’TPP !J. MEASURES

7.1 Dam Ass~~~ i r - - t :  Reference 1 , Ap;. ,: i .< VI1~ reconrneud:: a

~ ;- i  l iway Desi gn F i n :  ~u iv a l en t  to the  P” - . ~ince the PMF does caL
t - ’n the c res t  of  th - - -~ a. the emergency ~~~ . , ay  is cons ider ed
atequate .

Based on the vi~~; ’r l  inspection and r H- - ’., of existing rE’core ’:.,
there is no apparent ; c-ahlem that would c-oH :o immediate act~ ca f- ’c
the normal pool cond~~’ians. The a c t u a l  e’ -:ce~- - -~ nt structure ap~~ .;r s
to be similar to tli “as—built ” drawings. ‘‘it :hout the constri~ctinc
racords , and w i t h o u t  per formi ng the s t a L u I i ~’ y anal ysis accor di i~ to
the recommend ation g iven in Reference 1 , A ’~,r’ nd ix VII, the stabi lity
of the embankment uu:~-;r designed loading coa l itions cannot be assassed
al though the embankment slope and crest width meet the requirements
recommended by the U.S. Bureau of Reclamation for small zoned
earthfill dams on stable foundation given in Reference 2, Appendix VII.

7.2 Remedial Measures: There is no immediate need for remedial
measures. However , the follow ing actions are suggested 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 Remove woody vegetation in downstream discharge channel
riprap to eliminate deep rooted growth.

7.2.3 Backfill animal burrows located in the emhankments to
elimina te erosion .

7.2.4 Provide slope protection on the upstream slope against
erosion at the pool elevation.

7.2.5 The crest of the dam should be closed to vehicular traffic
t i m barr’ snots slio ’mid h .~ r c ’ e r ’ d e d .  In the ~“ori t t h a t  the t r a f f i c

cacout be succesc full y controlled , the crest must be paved to protect
against erosion.

7.2.6 The current annual inspection program should include
observations and measurement , if fe asible , of the flow ra te of the
seepage drain. In the event that the drainage water is murky, an
anal ysis of the suspended solids should be made to determine the
source of these solids.

7.2.7 Record the pooi elevation and flow rate of the seepage
:‘ : - ‘: in whenever the pool level rises 6 ft. or more above the normal.
n:~~ 1 elevation . Staff gage or other equiv alent method should h2
1;laccd to indicate ti -; - poo l level.

7.2.8 Suggest t o p — rform stability a n a l ’.’ c is  with the “as—b ui l t”
‘-e r,litions and appropr’ i ste material propertL . using the guideli;ies
recommended by Re ferr’nee 1 , Appendix VII ,‘ir,d the sliding block or
wo~ ’;e method to ch”cb the stability of s l o p - s . ’

17
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APPENDIX III

FIELD OBSERVATIONS

Name of Dam: Mountain Run Dam No. 18
County: Culpeper State: Virginia
Coordinates: Lat. 38029 1 3011 Long. 78°O0’30”
Date of Inspection: 8 June 1978
Weather: Light rain — Temperature: 75°F
Pool Elevation at Time of Inspection: 376.5’ m.s.1.
Tailvater at Time of Inspection: 360’ m.s.1.

Inspection Personnel:

State Water Control Board
H. Wigglesworth

Corps of Engineers
W. Barker
L. Jones
D. Pezza (Recorder )
J. Robinson

1. Embankment:

1.1 Surface Cracks: The slopes, crest , and abutment contacts -
were inspected. The slope, and abutment contact were covered with 3
to 4 feet of light vegetation, making observations difficult. The
vegetation was predominately grass, and an occasional small tree and
bush were intermittently noted. The crest of the dam and downstream
toe area was recently trissned to 6 inches. Soil conditions were very
moist due to wet weather conditions. No cracks were noted on the dam.

1.2 Unusual Movement: No unusual movement was noted on the dam.
Again vegetation inhibited observations.

1.3 Sloughing or Erosion: Erosion of the upstream slope was
noted at the waterline. The erosion was about 1 foot in height just
above the present pool elevation. It was caused by either wavve
action or pool fluctuation. Also , a portion of the reservoir
embankment 20 feet upstream of the righ t abutment has eroded along the
shoreline. At this point, a barbed wire fence parallel to the dam,
extends 15 feet into the water. The portion in the water has been
undermined and lays collapsed in the water. At the center of the
upstream slope about three—quarters up, there is a 100 foot horizontal

C strip covered with thin growth of clover. The terrain in the area has
evidence of very shallow (1 to 2 inches) gully type erosion. A few
animal burrows up to 8 inches in diameter were noted. The crest of
the dam has been used as a roadway. Although there are no ruts
formed , the vehicular traffic caused bare spots which are desirable ,
as the crest of the dam must be protected with a good growth of
grass. No sloughing was noted .

“I—i
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1.4 Alignment: The vertica l and horizontal alignment of the dam
did not deviate from the as built drawings. The crest of the dam
serves as a dirt trail access road .

1.5 Riprap: The only riprap on the dam was in the discharge
channel. Refer to section 2.3 for coninents.

1.6 Junctions: The conditions appeared good. Observations were
difficult due to high vegetative growth.

1.7 Seepage: No seepage was noted on the slopes at the
abutments, along the toe or along conduits passing through the dam.
The toe area right of the outlet works was not trinined making
observations difficult.

1.8 Drains: The structure has a toe foundation drain. Two 6
inch corrugated metal discharge pipes, serving the drain, were located
on each side of the spiliway conduit. The pipes were flowing less
than one—sixth full and the water was clear. A rust colored colloidal
sediment was noted in the bottom of the pipes.

1.9 Instrumentation: There were no instrumentation or staff
gages for the entire dam.

2. Water Works:

2.1 Intake Structure: There was no access to the riser. The
- structure is concrete and showed oo visible signs of deterioration. A
vertical shaft, without manual controls for regulation of intake
values, extended above the riser. The regulating works were not
operated during the inspection. A trash rack, consisting of parallel
angle—irons every 12 to 16 inches, covers the opening of the riser.
No debris was lodged in the inlet nor was there any in the immediate
area. Pool elevation was slightly higher than the drop inlet.

2.2 Outlet Works: A 30—inch ungated concrete conduit serves as
the spillway running from the riser through the dam. The discharge
end extended 15 feet beyond the toe of the dam. The last 5 feet of
the conduit is cant ilevered. The conduit was running about one—sixth
full and showed no signs of deterioration.

2.3 Outlet Channel: A discharge channel extended approximately
50 feet from the toe of the embankment. The area behind and
underneath the cantilevered conduit spiliway was protected from eddy
currents with diabased riprap. The riprap extended the full length of
the outlet channel protecting the slopes and base of the channel. The
riprap was built up across the end of the channel serving as baffles.
The tailwater was approximately four feet below the conduit invert.
Channel pools were measured up to 2 feet in depth and were deepest
near the mouth of the conduit. Heavy vegetation has grown up through
the rocks.

111—2 
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3. Emergency Spillvay: The sp iliway is cut into existing
terrain. The channel is in good condition and has excellent
vegetative cover trimmed to 6 inches. The left cut slope was in
excellent condition and was covered with 3 to 4 feet of light
vegetation. The left dike was trimmed and also appeared in good
condition. A trail access road traverses the approach channel and
goes up the dike to the crest of the dam.

4. Reservoir: The area surrounding the upstream reservoir
consists of gentle rolling hills covered with pasture land or planted
fields. Two farms sitting on top of nearby hills are visible from the
crest of the dam. No obvservations of sediment could be made. The
water was clear and free from debris.

5. Downstream Channel: The channel immediately beyond the outlet
channel had signs of erosion. The channel walls were 6 feet high with
near vertical slopes. Above the channel the terrain was relatively
flat. The stream narrows from approximatel y 20 to 5 feet about 200
feet downstream. No structures are in the apparent flood plane until
the channel approaches the town of Culpepper, 0.75 miles downstream of
the dam.

111—3 
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The Lynchburg F’c rrTat ion W Z S  d c p - : s i t d  in la te  P r c c ~~-~- L - r i a n  t i c i e iuc- rr
s~’d ir~cn ts  that ca—n e we st~-,-ard . Th se ca~c- from an o ld  1 and-!r -~ss that
eccu r r - d  to the cast of Rich ’- c rid. ‘t he Lynchburg Formation is  thick .
A total  t hicknc -ss of 11 ,000 fe e t  is a conse rva t i ve  cs t i r ;a t e  c f  t h i ck nes s
in this area.

petro logy of the Lynch~ ur~ Fc - r - - a t i o n  is comp lex . I~~~ tamorph ic rocks
urr ing in this for r.~ati c- n inc lu de rrica griciss , sericite ph y ll i te ,graphi te  rock , quar-t z i~~e and sandstone , s la te , rneta -a rkcse , and n; e ta-ccng lomc rate. The meta-i-~orphic fac c s of this fo rmat ion is be low  green-sch is t faci es.

M tarnorph ic rocks of the Lynchburg Formation in the are a of the dam aresla te , ph y ll i te- , and meta-arkose , and amphibo litc , These rocks are the
me tamorphic products of the following sediments as shown by the chart-

hea t arid pressure
sla te bl ack shal e
ph y lli -t e acid shale
rncta-arkose 

~~~ arkcl s- ic sandstone
- _ _ _ _ _ _ _

arnph i bo li te L~as ,c  dike rock

The amph ibolit e is from basic swarm type dikes that, fed the thick
(approximatel y 12 ,000 foo t) Ca to c t i n  lava f low. These d ikes cross the
Lyn chburg Forrrati c-n to a great extent. On ~3cautifu l Run Watershed in
t”.~discn Coun ty where all dan~s are in the Lynchburg Fc- rrr.ation, T-pprox i-
niatel y 35 percent of the area is underla in by amphfbc~l i te dikes. These
arrph ibo li te dikes ar the same age as the Catoctin grccnstone . The

son they ccntain hornb lendc inst ad of the c’P i dotE- m ine rals 
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~~~~ g rec-ns  tone ‘~~ amp hi b ol I te

I~~n cc ~ ’s rc’ c~:s occu r r i ng  ~~~~~ th~ S i t e  a rc sy cn i  tc and the pco : :at i  t
d i L c s  t k it  h~~vc thc ‘~y c n i t c  s tock  as t he i r  or i g in. The s y € n i t e
~~ra-’~T tc  wi t hc L’t  - ‘ ~~r t ~~) is the r i d ge — f i- - rmt- r that make- s the s t e  ~p
ri ght ~ ‘ut~:.€nt .  ~~ i~hc sy n it c  ~h~~-’s l i t t l e  si gns of meta cr rhN;:
i t  c( fld bc c c r rc i~~t d  to t he N is s i ss i pp ian age syc n it c - s and Qr~~nit s
~such ~s th~ L’ at~ c r~-- ’~- c d ~y ni te , t hat f ronts thc- f.~ce of t ’r~ Fe d ral
~u i i d i n~ i n  ~- i k rnd , \ i r g in i a)  that are pre sent in the t ’ c s t e r n
‘. irg in ia p i~~~. -- nt .  The- s~~ nite  occurr ing in the ri ght ahuti~cnt is
fr~ cu ~red ~s r bs~~rv~,d on ~ ‘:posur ’; occurring on the- upstre am s ide  of
t r ~c _ u L — - un .

A tinc table of geolog ic cvtnt s that deposited , r~~tarorp !iesc-d and
frac tured th€ rocks under Site ‘k’. 18 is given as:

f pprox in ~tc P n o d  Event
T i  c

160 r’y Trias sic or Jurassic ~r-rma1 fau ltin g

193 my Pc rmi an Formation ~- f  great
ant ic l ine  ( f o ld ing )

220 my I-~i ss i ss i pp ian Emplacement of
syc n ite  and
pegmati te

520 my Cambrian Emplacement of
amph i bol ite

650 my Precambrian Sedi mentation of
phy l li te , sla te and

ta-a rkose

F~csid ua1 soil weathered from the diverse rocks of the Lynchburg
Foroation is prc Sent on the site. This residual r~at€ ria 1 forms typ ical
rcd-ycllcw pod’ols wi th a thick bri ght red B honlion overl y ing a sandy
genE rally nonp las tic rnicacc-ous C horizon.

Co llu vial soils arc- almost non-cxistant in the area of the darnsite. 
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Tt r rac - so i l s  ~r e  
~ ~~~ nant  in  the nrc a of this si  te . Th ~c in clu d e

• hi gh u nra c- s ( i l iwassee s ; r i - s )  i nte  r r ncd ia te  t e r r a c e - s  - s : ~dR ~~rfts)and low terrace s (Auousta ~nd 1~c-nnoke- scrfts).

These terrac es we-re not I np l aced by thc ~r -a 1 I Stream at this sit e
T hcy are rather the’ product of a former drainage system that f l o w e d
to the northeast as - r~pcsed to the p r c v a lcn t  sou theas te rn  dra inage
sys tem in the r odern V i r g i n i a  pi ed - ~)nt .

E’-’ 1 dence- s of th is  for r r i ve r sys tc-rri can be t r aced  from s t ic  g rave l s
on h il l  Lops arid slop e s frc .T w c - s t c - r n  t-~ad is on  County throug h C-~ln ;-e r
County and out into the Cul p -pe r Tri a s si c b a siri .

Ba]] ‘ s Run f1 o~:s in a ~trong l y - nt:’er,chcd dc-ndr tic neand€r ing rc-~ rse.
A t  p resen t  th€ stream is sli ~~h t 1y ~ggrad irg to ne -utral at the s i t e .

I•~E T H 0 D S  A~~D PROC E D U R E S

I. The desi gn eng ineer is kindl y a s k e d  to bear  w ith the abo’~-c rather
full descri pt ion of the ori g in of rocks and soi l s occurring n this
site. f-Ic is asked for a w hi l e to think “know wh y” c f  the s c i I n t i s t
inst ead of, th i nking ‘ know how ’’ of the- eng ine er .

Soils present on the s i t e  ar c-  class i fied both according to the
• ,,iif ied System and according to the U. S. Dept. of ~gr i cu ltu r e Systen .
Use- of this latter ~?st€m is made onl y as a fa i r l y convenient group ing
of to ta l soi l  pro f i l es ir~to classes. The serie s na~es provide a con-
venien t shorthand to express in two words what mi ght otherwise take a
phrase to express. The’ ori g i ns of the soil seric-s are as follows :

Ceci l  Seri es Deep res id ua l , weathered from granite or syen it c

Lou i sburg Series = Shallow residual ~.‘cathered from granite or sycnite .

El i oak Series = Deep residual weathered from phylli te , s l at - , gneiss ,
or meta-arkose of the Lynchburg Fo rmat ion .

Hiwass ee Se r ies Hi gh terrace with red un-mottled B horizon.

Masada Series = Intermediate terrace - yellow red with red and ye l low
fossil mottles .

A ugusta Series Fair l y low terrace wi th clay - yel low and ye l low red
w i th  brcwn and gray mottles.

Roanoke Series = Lcw terrace - light gray mottled w i t h  shades of
yel low brown - poorl y drained - t i ght. 

-
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t+ .3 f e e t  to 11 .0 f e e t  be l o w  the orcund surf rie . Pr ~.( n t

in t h is  sc - i l  are brown ML r .:~t ( r i a !  and ~r~~y c , c t t l t d  ML , CL and  SM - 
-

l e n s e s  o v e r l y ing a basa l  LM . T h i s  o v e r H c s  u p  to 2 .0 f e e t  c - f  \-.‘ ( a t i c r ( d
cc ta-arkose .

Ta lus of hru ldc rs  and cobble- s cv rla in b y r d b rc w r ,  c o l ! uv i a l  s i l t y  ra nd

(SM) is prc se-nt at the’ t c e  of the s lope c i  the r i ch t  ahut: en t  ir ~~ , n
station 2?÷t~0 to static- n ?3-~- l 5 on the dmc c c nt e r l  i ce .  T h i ’ . t:~lc- s a d
cdluv ium r~ c~ycs in t h i c k n es s  F r c c ~ 3.8 to 6.0 f~~ t .

R~ s idual s o i l  ~‘:cath red from s y c n i te occurs cn the r i c h t  ck- -~ t ‘
~~~~ frc-m

s t a t i o n  23-~- 15  on t he dry: ce nt e rline to the top of the dc - ; 
~~~~~~~~ s c - i l

has 3.5 f c t  of y e l l o w  re d  herd s i l t  (ML c r  Md) ove r 3 .5  ~~ t of
w c nt k c r e -d s y€ n i t c .

To inv es t i ga t e  the c e nt e r l i n e  of the darn 13 t e s t  p i t s  ~ c r c  dug. T h e s e
are nurrbcred T P 2 thrcuQh iP 14 .

C E N T E R L I N E  OF  THE P I PE

T~~C proposed p ipes w e r e  inve s t i c tc -d. Th( Sc are dcs iq nntc d  as r i c e  “A”
.3 pi pe “B” . T he c e n t e r l i n e -  of pipe “A” crosses the- c e n t erline c-f the

at stat ic-n 20+55 en the c e n t e r l ine  of the darn 3nd s t a t i o n  3+ ’ O  on
t he- pipe ce n t e r l i n e . These c e n t e r l i n e s  form a 78 degre e 30 minu te ang le.
The c n t€ r l  Inc of pipe “B” crossc- s the centerline of the darn at station
21+88 on darn center l ine and s t a t i o n  3÷00 on the p ipe center l ine .  These
ccn tc- rlin€ s are norma l to each other.

The cen terl ine of pi pe “A” is placed on meta-arkose with in~€ct edarr’ph i bolite. The amph i bo lite is present between Station 3÷00 and 3+80
on the pipe centerline and downstream from station 4 + 15.

The alluvial soi l that occurs on the centerli ne of pi pe ”IV has a l ayer
rf  brown to red brown ML mat e rial overl y ing le nses o f gray and mottled
gray ML . CL and SM mat erial that overlie a basal gra~-c - 1 (GM ) layer.
This soil is above weathe red r’.c- ta-arkose and amp hibo lite that ranges
in thickness up tc 6 .3 feet.

The relief of the top of rock along this pipe centerl ine ranges from
eleva tion 359.0  to elevation 351.0

T he- center l ine of p ipe “B” is p1 -aced on rneta-a rkosc in~ e c t e d  wi th syc rilte .
The sye-~ni tc occurs f rom s ta t ion  3÷25 to station 3+90 on this p i pe ce-nt r-
line . - This syenite is unweathcred with backhoe refusal effected at 6.5
fee t below the ground surface on urw-c’athcrcd sycnitc . The octa-arkose
is weathered wi th u~ to L~.0 feet of weathe red meta-arkose pvc:r -nt.
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,t ! IL ’v ia l  soil is prt s (nt on the c ntcr li n c of p i n - r ”  Th ~~’. a 1 l vH’T
• has a top la ye r of f rc s 0 . 5  to 3 .0  f ee t  of red Lre. - - n to h r c - - .n ~ L 

r i c t r ia l
overl y ing l e n s e s  of g ray cad rnot t k-d gray ML , CL. cud ~~ ~~~~~ r ia l  w i
a basal ~ravcl above thc- we athc red mc-ta-arkcse.

T he re l ie f  of the top of rock on the c e n t e r l i n e  of p i pe -  “k ”  r - n ~~e5 fr (-~
c l e v a t i~-n 358.0 to e l c - v n t i o n  354 .0

To i n V e s t i ga t e  the cen te r l i n e s  of  th se twc proposed p i pes 21 t est fl I~~~~S

w e r e  dug. T hese iPs are numbered IP 301 through TP 310 ( p i pe  “h’ )
i P  320 thro~ gh TP 328 (p ipe “A” ) .

;EPGE~ G-y SP I LL~-.’AY

T he proposed em e rgency sp i I Iway cut is p laced on the- 1c- f t  c~ utm nt.
T he c nte r l i ne  of th is  eme rgency s p i l iw a y crosses the c e n t e r l i n e  of
the darn at station 13÷ 10 on the cen te r l ine  of the dam and s t a t i o n
5-~ 65 on the c e n t e r l i n e  of the er~-e rge ncy s p i l iw a y .  The e l ev a t i o n  c f  t he
leve l sect  ion w hich is p lacc d dc~-:nstre- am from. the darn cc at e  r i inc is
3E 6 .9 .

~ . reck wa s found to occur in the c rr ;e rgc- ncy sp i l i w ay  cut a rea .
/ II — — — 6 ‘ 1

ru~sidua1 soil w athered from ph y l ii te and slate (El ioak’ seri e s) ccc-
pr iscs  the m-~ o r ity  of the- cut of the em ergency sp i l l w ay. This so il
has from 2.5 to 5.5 feet of bri gh t yclb cw red clayey sil t  (ML or I-H)
ove rl ying up to 4 fe€ t of red yellow silty sand (ML or Sf1). These
layers overlie a t  least 15.0 feet of silt y nonpiastic nilcaceous sand
( S M ) .

An are a of hi gh terrace soil (Hiwassee series) is present on the ri ght
sid e of the- cut. This soil has 6.0 feet of yellow red , hard ML and
CL with scattered gravels and CM. This overl ic- s the olive gray,
micaccous , nonp iestic SM material weathered from ph ylli te . On the
cen terl ine of the emergency sp i l lway this hi gh terrace soil occurs
from station 4÷10 to station 7+35 with the majority of the terrace
material present to the ri gh t of the EMS center line .

F rom the entrance of the cmerqcncy sp iliw ay to station 3+00 on the
cen terl ine of the emergency sp iliw ay l ow tcrrace soil (Augusta series)
occurs. This soil has 4.0 to 6.0 fect of clayey silt  (MH , ML or CL)
present overl ying oliv e gray, nonpl-astic , micact otis , s i l t y  sand that
has been weathered from phyl l ite.

To inve s t igate the- emergency sp ili w a y cut on the left abutment 15 test
pits and hand auge r holes were dug. These are numbered T P. 250 through
“

~~ 264 .

IL ~~
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? n al t( rn te m:e rce ncy s p i  1 h~~y cut ~~~ nyc s ti gat d e n the r ic.ht
• ~~~ c a t .  As the b i ll  ‘ n  the rh,~Nt c - h u t ; c n t  fc- r m s a ~a i r 1 y n~ r r c w

r i d ;e at the t op  c t  the ~-m’ ,t he sp i 1 1 ’.:ay rut wi ll be- s~’ s r t c r  on t his
cba e - ~ r.t ~ - -

~ ~ r , h-ird . c c m p a c t  syca l  te rock occurs here . This rock
h~ s spines of s y n i tc p rc s c n t .  These ~p incs  range up to 4.0 fe- ct of
the ~round surface °r to clcvat ion 399.0.  Y e t  sca~c of the tes t  p i t s
raa~~ up to 15.0 fcct in depth c-c to e lev ation 392 .0 f e e t  v.’ithc- ut
(n;: - m ; l t c r i ng  S y( n i t e  rock .

To in s t i~~c t c  a r-oss b lc cr;.c r~ cn cy sp i l l~-.-ny cut  c-n the r iq ht abu t :~~nt
C t e s t  p it s  ‘co re dug. Th e se  are nu m be red TP 20 1 t h r c Ly h ~P 202 .

E,CTDC\’ A R E A

T he h c - r r c - .- ,’ cr ca~ is  l o ca t e  d r~rs t r ec . -m f ro :  c hc- c c n ter i inc of the dc-c in
and a r r - cn c  t he ooc~s c f  thc cc-c - t a . ~e r t  pool a r e a .  i he bo rrow a rea
ex tc - uc s  z ,UOU ( (  t ups t r eam ’  ft- urn the ce n te r  i ~ne of toe c -c-rn . It is
ac- c - rcx i m c t r i y 700 f e c t  in ~.- idt h  and cc~— c r s  a pp rc-x i r nt e ly 30 acres A l l
of t h i s  land is c l e a red  and at pr sc-nt is uscd as pasture land .

T e r r a c e  so i l s  occur on the bordc-rs of the pc rmane nt pool.  A bcve the
r i~~ht edge of the pc- ri- -crc at poo i t e r r a c e  sc - i l  c-f the l-~csada s e r i e s  is
~~sent. Th is  so i l  h-ms hard . red w ith red ye ll cw mottl es , and g ray
t t le d  c l ay ey  s i l t , c l ay c y sand arid qrave l that ranqc- s in th ic h nes s

, rem 13.5 fe-ct to 5.~6 f e e t .  This soiT overlays ~-icathercd mica oh y l l i t e
and schist.

Low t rrace so il of the Pcano kc-- se r ies  occurs on the downstream cart  of
the pc-rmancnt poo l area and above permanent poo l elevation. Thi s soi l
has from 6.5 to 8.0 feet of brown and gray mottled silt clay sand and
grave l (ML , CL , SM and CC) c-vcrl y ing weathered ph y l l it e .

Terrace soil of the Augusta series occurs in and above the upstr c- arn part
of the permanent pool area. This soil has from 3.5 to 5.0 feet of brown .
yellow and gray s il t, clay and gr ave l ML , CL and (-C ove r weather -d
phy lU te , meta-arkose and slate.

Recent alluvium occurs in the central portion of th~ borrow area . This
is in the floodplain. This alluvium has from 7.0 1:0 8.0 feet of brown
and gr ay si l t , clay, sand and gravel (ML , CL , SM and GM) . The basal
gravel is loose and wet . The soil overl ies weathered phy ll i te. The water
table pre sent in A pril 1 969 ranges from 4.5 to 7.5 fec-t in depth.

To inves ti ga te the borrow area 30 test pits we re dug. These ar e numbe red
TP 101 throug h TP 130. 
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Shee t 2 of  ~“A

c. The paper cen t e r l ine on the 35’s l a id  in 75 fee t  upst rea m
and paral lel tc the secc-nd c e n te r l i n e  - T h i s  pn;’~er center-

l ine was omp )acc-d to pos i t ion  the cu to f f  and core upst ream
from the narrow ri ght abut ment .

d. The cen te r l i ne  surveyed in to p lace the d r i l l  holes on the
th i rd  c e nt e r l i n e . Unfor tunate l y these la s t  two c~~nier l i n e s
do not  co inc ide .

In the 35’ s , c li test p i t s  a re located on ~i~e th i rd c~~ntc-r-
l ine . In f inal  d c s io n , al l  t e s t  p i t s  and dri ll holes are
located frc ,m the fourth cent erl ine .

Fc-ur,dat ic’ ri r e a t a r i a l  occurring in the d r i l l  ha les  is  c r re i a ~~-d
to t he s a ; p l e s  taLc - n in the test  p i ts . ~~~

-
~ - sac p lc - s \- L- re

shi pped for ana l y s i s  froni t he d r il l  ho les.

2. Standard cqu ipm--ent ~-~‘as used in tak ing the blew count , the- perrne-
a b i l i t y  t es t s , and the pressure t e s t s .

Perr.c-abi l i t y  va lues \—~~:r -e taken intc the rock . Th is  was dcnc’ by sub-
t rac t ing the precedin: gpm value from the gpm va lue c’btain cd . This
gives the actual gpm ~cr t he run.

Center l ine of the Darn

N ine d r i l l  holes were emp laced on the cen ter l ine  of the dam in the
foundat ion area .

These drill holes shc~~ed soil conditions to approximate those soi l
conditions described in the first draft of the centerli ne of the dam.

On the left side of the stream valle y these soil conditions are
alluvial and terrace soil overl y ing C horizon soi l weathered from
phy ll i te and slate with weathered meta-arkose, ph y l l i - te , and sl ate.

The drill holes show that the weathered meta-arkose , ph ylli te , and
sla te are underlain b y syen i te at depths of 25 to 34 feet.

\ The weathered metamorphic rock could be d ri l led with a roller bit with
blow counts rang ing from 10 to greater than 50 blows per foot.

Syeni te- occurs on the ri gh t side of the flood plain. Here it is
present at the top of the rock with no metarnorphics below the soi l
l ayer.

On the ri gh t abutment this Syenite is weathered . -

II
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A t station 22 - 00 mn the dc~- c ent e rline a fault is pre sent het.- - - c :i ‘

the sy c ni te and the m et a -m r t~nse . This faul t  contains a runnin : ~
— nd j ~~~~~~

that pushed up into the ca sin g in OH 3 7 .  The top of t h i s  f a u l t . :-~~ tie
was at 15. 0 foo t depth in OH 37.  -

This trcs t be a fa ir l y hi Ch ang le fault since no fault was enc~~~ -~~credi n  P11 37C ~c h ic h is  7. 0 f e e t  a~-.cy f rom UI-I 
~7.

ra c ~~ure( !  sy c n it e  i s  prc~~ent  bc’lo~-i a Jc~mth of 25. 1 fe-ct in C~ ~~~i

st ct icn 17±51 on the darn cent erline. This fractured rc~ck haS - - ;c~~er
rz ’ s s i n~ through i t .  T h i s  -~- -~tc-r below ~l .5  f e e t  de pc h g ives a - -- :-te r
ga in  - f  0 . gpm c~t the c a s i n g  c o l l a r .

The 1~--L ~ndat ion has an a v € r a r ~’e of sl ight l y ~c r n c - n ble. K f a c t o r s  ce
from near  ze ro to less  t m - n 14 .0 f t  - / d ay .  r u e  rra~~- r i ty of K ~~~ ~‘rspresent  here are be lc - w 1.i~ ft .Id3y.

The d r i l l holes p laced on the c e nt e r l i n e  of the darn are nuri b~ red
OH 3 1 through OH ~9.

C c-a t e-n ine c- f  the Pi pe

~~e center l ine  of the prcpc sed p ipe c rosses  the c e n t e r l i n e  of th e -  dam
s ta t ion 20+5 5  on the darn centerline and s t a t  ion 3±00 rn the i pe

..~ nter 1ine. As the center l ine for f i n a l  des i gn was moved froa- the
3 5’ s centerline , the ang le between these two l ines w i l l  be g iven in
des ign. Th is is to insure that the p ipe is a li gned wi th the s t r e a m
channel.

S — i l  condi tions on the centerline of the p i pe approximate those
previousl y di scussed . These show an alluvi al soil cver C horizon and
weathered meta-arkose with some amphibo l ite dikes .

OH 331 at station 1 -i-89 on the proposed p i pe cen terline shows weathered
phy l l i te and meta-arkose to extend to a depth of at least 38.0 feet.
A t 35.0 feet a hi gh bl ow count is obtained . This d r i l l  hole was the
onl y dri l l  hole emp l aced en the pipe cen terline . It is near the riser
loca tion.

Emergency Sp i 1 iwa y

One dr il l  hole , OH 231 , was placed in the p roposed eme rgency sp i i lway
cu t. This hole showed soil to be present to a depth of 26.5 feet.
A low blow count was obtained lust above this 26.5 foot depth.
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1. The c u t - o f f  should be cxt ridcd to bockhoe rc Iu~ al on r - -ak in
th-~ fl ccdol.aln hc lcw the ~-mrm - :ncr~t pac t 1~~ve 1 . C~-n ~hc Ic f t  ~b~:t~ cntr L : vc  pci a~uin t pc-u1 hv a t i on the cut-off should be ext ende d at le a st
2.0 fcct into ~catui ~ r d  ~~ y l l i t c -  and a-c ;2hi bo litc . On ti-ic ri :ht : ‘: - L t —
n c  at the- cut—c If should Lc ~~~-: tende d to the- shal Ic’i top or rock m rc sc - nt
he rc  . -

~1:h the- e;: p lac cc - c ri t of th is  cut-c- If  the re- ~hc-uld act  be c x c ~: c c 1ve
~-.atcr fassing end r the fcunda ticn . No thrust f au l t s  ar e  ccrt :-id~ red tc-
be pr s nt . J- I n tirt q a-nd ~ainc r Tnias sic r~c rrea1 f-:~~l tirt g arc , hc c-.tv cr ,
cc r .sidcrc.d to be pr esent. A 1~~ke ly place icr th is  norma l T n i a s s i c  ccc
frol t ir~g to occur is on the cc ;ita ct of the- syc n i t e - - and the nec t c - a rkc se
and phy l l ite . Th is  is duc to the d i f fe re nce in the shear str ength cf
the hard syc -nite (rpprc :nirae-tc l y 6 on the- t-~-~ h s o n ic )  and the re l: - t lvel y
sof ter o c t c - a r k c s e  a-nd ph y l l i tc (npprcxi r-at cl y 3 tc’ 5 c-n the- 1~: h s c a l e )

‘ c S , ~h n  tens~ cn force- is ep ~ f lc-d , nc rc -a l fa ult i ng  ccc~ rs at the
~ct urc-  o f the hardo r and sc - fc c r  rocks. A ls o , a susp ic ious  f o c t c - r fcr

..orma l fau l t ing he- re is the fast that the ed ge o f the s y c n i t e  underl y ing
t he feu ndatfc - n a re- a fc ri-ms a ~O”- ~ag lc.  ~hc da~ nstr arn ed ge c-f the ce-a tact
of this s y c n l t c -  and the r4c- tcna rp hfcs  fo rm a ~~~ ang le w i th  the ~erpc n-
d lc u l ,ar to the s t r i k e - -  of the (u i peper Tr ass lc  bas in. As a l l  igneo us
p lutonic rccks are co ns idered to have a maximum sh ar angle (Fb i ang le)
c-f -145° even in contact with weaker rocks , this appears to shcw that a
~O normal fau lt ing  pat te rn occurs on the ed ge of the syc-nit c as it
lays In contact wi th the nicta-arkcse and phy lli t e - .

This ~rI-assi c age (er perhaps Jur assic age) faulting pattern could he
rela ted to an obvious displacera€nt of the’ borde r cf the Triassic basin
to the eastward approx i matel y three tenths of a mile downstream from
the darn centerlin e .

i-frwevcr , for a flood control darn that has onl y an eight foot dec-p
permanent poo l , these small norma l faul ts are not considered dangcrcus.
Some flood control darns have been c-mplaccd w ith known norma l faults
occurring In thc area wi th little effect on the water holding ca pa c i t y
of the abutments.

t- ~rcxim - : te ex am - p ie  in the Lynchburg formation Is Cc-auti fu l Run No . 5.
Here this ~--ma rLcr pointed 0-et to the fnsp ctor (Mr. Henry Ay lor )  a
thrill i ng c~ anp1c of a nore-a- l fault on the ri ght abutment of the site
~iat pass~ d thro ugh the 1r s id c ed ge-- of the- c- mc rgc ncy c pf l l way .  In fact ,

~ ri ght c; clc norma l fault pa t t e r n  in the Cc~~u tlfu l Run area of the
1nchb-urg fe-~~~ tion Is so prcnc~unced that Ecaut ifu l Oon flows in a

- 
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r V a 1 i ( n t rc n: t

t d c~c ;~~r t I C - u t  5’ t r-c a r ~ -

: .f -~ . ti  fml r n sit e s a ! 1 h ol d ~- -
~t r , d e m o n s t r a t i n a  the ~c

‘- f the ahute~ nts . r ’ t : c  r r o i f l i - n  ~ ~ ~
- --

~ crc- :i - - -- -n r n ]  ~-~-~i ts‘.r c- r~~sc rue d d rin r : in- ~-- c s t i c - -- ti ~ al c - -  Fi - ~v~ m h L ’t . ! C r I t S  ~? t  i~~- 1 d
~ntc r.

Th is  c r m nsid ( ra t ie- n of ~i C r ; n l  f a u l t ig tc- an ‘: t—c f— t ,~~at r ~- .~~r~- e r t~~-yd ~-o~- nd c i I ous cr , on ‘ re  cc i c a t -  I d tx t ~ I S ~~~~ c b y
c.~~- ] c ~~is t  in th is s t ~~t c - 

~ h’ u i d  b c ~~~~r cd . h is  -~~r~~~s - ~~ is .
- re I ‘- - r k  c- - - - f’- _ a~ ot ic as a rg i ni a , ; -c I o- e r - a —

V nec d the i- c i s a i- t i  a 1 iau 1 t r~ :~ oc up ~-e r y c- r r vo l 1 c y i a the
state- “

i—u t t h r c  arc fc- : t c- rs T a -~~- (1~t in i r c i n i a  t hmt  H] ]  c~ -ane a c~-~~r- in
SC -v t  re ~c c~ ard y c f  ;~n i1e r c . T hc  se :Ce -  lOc tx - e s  sech as t h r us t  ~om~1 t s ,
sinh h:i- s , o:-,d arrc-w fr-~c t u - d  a 1 ~~~ats .

2 .  In rccard to the last c’aa-Tcr of o:-rrc~-t froctvi - cd -s~ - -~~.nts - the
ri ght e-h utx~cn t  has p r e s e n t  f r a c t u r e d  ~ ~~ n i te- . As th is en t is
narrcw the ‘-~atc r rrsst hc stc~ ce d be for rcachi ae the feactL red
sycn i  tx - ~‘i th th is in r d thc cc ntc ri 1 ne- of the ‘~-a;:- - -c s - :  cc d
3 f c t  u : c t r c c - - , f r - - -- t i- c - r i o i r - ~~l c e n t e r l i ne .  Care c h e m i c  ~ ( ~~~~~~~. y  th~ dc c l o n e r to sc- -acr a ccc;d ~-~~t~—~--f f t ostr’. or fr ’n tF ir - -’~~t~~redsycn i te - t~l so , the care ust b r a i ntni ned L- rs tr o- : Iron the r -oh
~-.- i  th nap ro pr ia t e -  ‘c- n ing b tu-ccn the- core and rock .

3. 4 tcc or secpe~ e dr ai n ch’-c l d b c e r s i d e r e d .  Th is  d ra in  Hil be
pl aced upstr eam froc— the r - o i c r i t y  cf th€ ;;rp h i bo l i t €  di ke ’ .

in the- Lynchburc fo rmation an a~aph ibo lite dike- tends to fo rm a sol id
w a ll beneath a structure . This is because fracturing forces tend to
bat ter  up t hc so f te r  ph y l l i t e -  and s la te -  and not to f rac tu r e  the
?.m -p hi bc li t c . Thus to sor~e extent  the aa-ph ibol it e  dike acts as a
b u t t res s  to prevent wate r from r-assing out from under the- dc~-enstr can~tce of the dam .

14 Two proposed p ipe c e n t e r l i ne s  are p r e s e n t e d .  Each c e n t e r l i n e  is
acceptable for placc:ent of the p i pe. Each has its sl i cht me rits and
di sadvaataocs

Pi pe- cente ri inc A p r c  s eat s a shorter e~utfa l 1 channe l and the bett e r
a ] i gna - c-nt wi th c a l l’ s Pun . it w i l l  be easier to m ove the C ’ncrcte
for the cradle to this ~~r .te- rl Tne . Thi s ce nt e rlin e fcr~-rs a 78° and
~O’ ‘ng le wi th the - dam ci r1tcrl in c .

_ 
- - - - - - - — -~~ _ _ _  _ _
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P- ; :~e cc~~t c r 1i!ic B fer ns a ~~~~~~ ~-n :Ie wi th h dam ccrtc- r l i i -~c-
_ f~ t A l l

h-ave a Icc cLr o ut f a l l  c hn r , rc -1 .  ~t w i l l  a1 ’~’ be s l i (h t l y i , eri c r  to
~-ve th e cc ;~c r e t e  t rucks to th is  a3 r ca .  P- ut o ne- ra ll y ,  1 c t i c ~n ~ is

cons i d e r - c d  to be the be t te r  due tc- the ~0c- ang le w it h  ti-ic- don c
l ine.

wi th the inv e rt he ld at e - l c - v n t io n  3 6 1 . 5 .  bot h ce n t e r l i n e s  prL c e ~~t r~oroot. re .:-‘~- a1 ;:- rc--b l cns.

~~ oval of a ll all uvi urn (l-~L , CL , ~~ and Ch) down to the t-~-c - aths r c d rc ak
shou ld he- ccnsid~ rc— d in hcth c~-~~tx r 1 i rj c - s .  Con pa c t io n  of a t i~~~t c l a y
cushft -n of CL ~-r f-IL e a t e r i a l w u ld  fo rm a so l id  bas e- for the u i r~ye- the- w oo the rt d rock.

5. The a l l t v a - l a-m d terrace a~.erio1s p-re sent in the fcur ~- !~ t irr crc
cc -a s ide i - cd  to ha - .’c ~ruj ff i c i ent  st rca :- th  to bear  the we ftht cf Ce--

fc c-t hich s t r u c t u re .

6. The left abute--en t was chosen as the proposed locat ion of the
e - € rCe:lcy s7illwa y cut. In the so i l  we athered from phy fl I to h r am;

r e c k  a--as found wi th c-i thor the- L-cckhce. or the- hand au er. ‘
~~~~ i f

i- :cat l ic red ah y ll I te or slate reck are found tc- occur in t~.c r u t , h-~ ththese rocks h-ave prove- n to ~c r ip p ab le. ihe cloy B horizu~ s of
e- El icak , Hiw~ ssce  and Au-gus t~ ser ies are suggested to bc p iac~ d in

t he core in the so i l  c o r r e l at i c n  char t .  The naicaceous sandy noro las t i c
C horizon of the El icak series which underli e-s a ll are-as of the’ cut
range -s up to a dept h of 2 0 . 0  fret in the proposed cut.  Th is  ~~.-~uld
g ive -  a s l i ghtl y greater proportion of nonp ias tic shell m ateria l (c- vc-r
2/3 of the total cut ma terial) than needed in the structure. This can
be adj u s t e d _ by us ing the pl a s t i c  CL and ML material of the borrc-w are-a
for core~. Prom prelimina ry e-st ir-at es some of this SM from the
mcr gcn cy  sp i liw a y cut w i l l  have to be wasted  as it w i l l  nake surp lus

shel l m aterial for the err;bankmnent. 
- 

-

/ If attention is qiven to the placement of the cmergency sp i llw ay in the
right abutment. it is ccnstdered that i-much of the syenite re-n-ovcd here

/ w i l l  have to be classed as rcck removal. The syenite sp in es occurring
here are hard to imposs ible to rip. Also , since this granite-like rock
occurs in sp ines , some spines can be present that we-re not found ~-iiththe backhoe.

It is c-st i mnat cd that at least 2,~ 00 yards of rock w i l l  have to be
re-roved from the emergency sp illt-:a y out on th is  abutment.

The placement of the c~ne-rgency sp iliwa y in the ri ght abutment wi l l  mean
a shor ter sp i liwa y sinc e the ri gh t abutment is fairl y narrow . A lso,
the B hori7on (DS 203-1) of residual soil weathered fri--rn sycnitc should

— mor e p las tic  t~~
-
~n the— B hcri7on (DS 250-1 and DS 7~~~~1) c-f soil

athered Iron ~~~~~~~~~~~ -S.

-~~~~ -
~~ - - 

. 
- a~ ~~~~~ ,~- -t ~~~- ~,

~~~~ e-~~ - ~~~~~~~~ ~~ ~ ::~- -a- - ~~~~~~~~~~~ 

-
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7. Suff ici e nt borrcw is consi dered to be ava~~lablc to construct the
t~~-ar*r erit, it is cu c~-estc- d that al l cf the cd~a s  of the ~-e r i-cnt r~tmm c l  be- cut cH~-:n -at lea st 2.5 fe-ct on a 3 to I Slope I f thi S is
r~;t done there ~-‘i 11 be st- :am~ ing coridi tio~ts around the c-d~ es of thepermanent poe 1 . The CL and 1~L r!a tc -rial tahen i n  this rc-ncva l can be
used as core ina te -r ial in the cnbankn :cnt ,

In the isoparah F O p  the - bocy ing dow n of he-avy pans w i l l  occur bef ore
the t-;a ter ta5!c is rc-a cl-ic-d. T hus , -the re-covc-rabte borrow from thc-
a l luv ia l  so i l  w i l l  be less than shot-rn on the isopach map.

The hi ghl y plastic CL ma ter ial of the Rcanoke series wi ll  be hard to
re.a-cve with a pan. This p l as t i c  soi l  i r-ater ia l  tends to s t i c k  to the
floor and oatc-s of the pan. c-Ftcn irony contractors have been uma ;le
to eve this sd I frc’m the barrow ar’ a to the (:::-hardvnc-flt.

H - - e’;c-r , the t ir -.c of year w i l l  de termine the wc-rkabi I - i ty  of th is
pl a s t i c  r r c t o r T a l  c-I the Roariokc- s e r i e s ,  In a t-ie t w in ter  ~rid spr ing
th is clay w i l l  be stic~ey and hard to handle . in the dry s u m n e r  ~nd
aut~-nrn this c l ay  ~-;i ll erove to be hard and ti ght. Loca l rcs idc rtt s
c-a ll th is  c lay  a t t hz a l f - ’ rast ” so il. Per in thc r ;c ro i ng  at ha i l  ~- as t
c i~~ht  i t  I S  tao  ~-t ck y to plow and at  ha lf  pa s t n ine  in the- ~-c- rn~ riy
t is  too hard and dry to  p lc- - -5’.

C u t t i n g  into the abutments near the dam en the ri ght side of thef loo dplain should y ie ld  a deep hi gh terrace soi l  (~-~csada se r i es )  that
should not be excess iv e ly pl astic.

Suggested p lacement of the b~ rrow m aterials is g iven in the soi l
correlat ion chart.



a~~ r----- - — - - . - -

u S DL Ac ~fl?.1 01 AG~II CULT Ui~IF ~~~ 3’ t,C

SQ L CO -Lk~~A 1lON GER ~’iCE ~~~ 2 ~.4

S~i~~tT ,_O~ - -  —

DLaPIL(o  GCOLO mC INVESTIGA1IOM OF DAM SUFS

~~~~~~~~~~~~~~~~~~ J S UBV.A T R S I I L D  C I  ~ :A ~~1

~~tL NO. ISI1E GROUP 1 SINUC1UR E CLA SS ~~‘FS I lGATI~~ BY:  iS iGNi ~T U R ?  ~ ~~~oi .s i~

Supp leir-ental
INT ERPREIAT IO NS AND CONCLUSIONS

FO R I n - S E RV I C E  USE ONLY

1. D€pt h of cutoff should be- cxtc-nded into the weathered phy l li te
and i t-eta-ar ko-se on the left s ide of the st ream va f ley .  Th is  thcu ld  he
to a d~ ptIi w it h  .-~ b low count of appr-a:Ki lnate ly 40 blo’- ts/ f aot .  T h i s  w i l l

~ cutoff tri~nch of ~a pprc~~’.nat~~1 y ~5.O feet in depth on the lef t
side of the stream v a l l ey .

On t he r ight abutment tha cu tof f  could be ca r r i ed  to a depth of 15.0
feet .  Be low th is  depth there is a blo1-, Count greater  t han 70 blcws /
foot.

2. Permeability and pressure res ts  in the d r i ll  holes an the center-
line of the darn showed K factors to be low .

Id:-wever, several p 1- ices are pr e sent in the foundation that c m u l d  be-
‘bjec t to passing water througn the foundation .

.~nong these is the normal fault occurring In  DH 37 at station 2 t +~~4
on the dam centerline . This fault appears to have a runoj ng sand_
present. It does not appear to be excessivel y pernaeable
(K = 3.51 ft/day). -

A l so  to be considered is the f ractured rneta-arkose and ~yen i te in
OH 39 at station 17+51 on the darn centerline . Be low a depth of 2 1. 5
feet this rock passes a sma ll amount of water.  Pressure Is su f f ic ient
to force the water out of the casing . The rock was too fractured to
pressure test.

Al though fairly deep l y weathered , the ri ght abutment shows s l i ght to
sfl ghtl y moderate water loss. a- . ,-~ -

~~~ 
,
~~~~~ - -  - /

3. W Ith the i nvert of the p i pe held at elevation .361 .5_;there d il l be
no rock removal prob l em on the proposed pi pe. ~~~~~~~~~~~ ~~~

‘

The riser wi l l  be p laced en soft  10 blow/foot CL m aterial with
wea thered phy ll l te and r---eta-arI~ose below . T his weathered mater ial Is
soft with a range of f rcm 10 to ~O blows/foot. Support for the heavy
riser structure in  thi s weathered rock is to be cons i dered.  

__ _ ____ ___________ 
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Shee t ~ ~ f 2.
VA ~~~~~~~~~~~

~~ . The low blow counts obtain ed near the ground surface sh culd bec o ns id e r e d  as to the s e t t l i n g  of the cmbankj-r ent

5. ~ d r il l  hole (DH 231) - -- ~s taken to be low grade in the proposeden -cr gen cy sp i l l wa y  cut . A low bl ow count at the bottom of thishole shows th e- weathered phy l l i t e  and s l a t e  present is soft.

_ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



APPENDIX V — STAB ILITY ANALYS IS SUMMA RY

1. Referring to Appendix VI, the conditions used for stability
analysis and the results by the Swedish circle method were as follows:

Width of crest: 12.4 feet
Elevation of crest: El. 395.9 ft.
Downstream slope: 1 vert. on 2½ horiz.

~Jpstream slope: 1 vert. on 2½ horiz.
Embankment base elevation: El. 359.5 ft.
Elevation of emergency spillway crest: El. 386.9 ft.
Seepage drain at c/b 0.5
Soil data:

Dry unit wet unit sat. unit sub . unit
wt. wt. wt. wt. 0 C

Material Classification pcf pcf pef pcf degree pef

Embankment !~ . 95.7 114.0 124.0 61.5 30.0 800
Foundation 

- 
- — — —

Load ing condition: Pool level at emergency spillway crest.
Factor of safety of trial failure surface:
Upstream slope under full drawdown 2.57
Downstream slope under steady seepage = 3.12.

2. Referring to Appendix VI, the conditions used for stability analysis and
the results by the sliding block method were as follows:

Width of crest: 14 fee t
Elevation of crest : El. 395.9 f t .  -

Downstream slope: 1 vert. on 2½ horiz. to toe at El.  363
Upstream slope: 1 vert. on 2½ horiz. to El. 374.0

1 vert. on 10 horiz. to El. 373.0
1 vert. on 3 horiz. to El. 363.0

Foundation base elevation: El. 359 ft.
Elevation of emergency spillway crest: El. 386.9 ft.
Seepage drain at c/b 0.6
Soil data:

Dry unit wet unit sat. unit sub . unit
Vt. Vt. Vt. Vt. 0 C

Material Classification pcf pcf ~cf pcf degree oaf

Embankment ML ~5.7 114.0 124.0 61.5 30~.0 800
Foundation ML 79.9 — 113.0 50.5 21.0 300

V—I

~

---



Loading condition : Pool level at emergency spiliway crest.
Factor of safety of trial failure surface:
Upstream slope under full drawdown — 2 .25
Downstream slope under steady seepage 2.27.

V—2

~
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APPENDIX VI - DESIGN REPORT
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- TO: Louis S. 1~-~~ ton, Jr., ~~-ate Cori~ er-,-L t1o~ Engir~eer - l-’~~ - - - -
SOS, ~ c o , Y~~r r a  
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~~~~’ 
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1. ~~~~ C — 3 5~-~, Soil -~~o~~-~nics La~-c rat a ry  D at — , 5 s~ eet~~. 
-

2. :c n  ~C3—l2S, Co~ :-: i c~~t ion Te~z Data, 6 ~~:::L .

3. :o~~ ~~~~~ ‘ r1- :-:~ al -C:~~ar T~~~t ~~~~~ ~ :~~t z .  - -

~~~~~~ Direct -~~r T~:st Data, 1 s~~c~~t. - -

5. C~ —~~ 2, Cc ~~ooic-n ~~~ Pea ration ~~c-L L t - r 2 c e , IC :;- . . - : —

6. Fc- -
~ CC~ .-357, ~~~~ —r~r — ~1o~e St~oi1ity A r ~Iy~~~, ~ ~~~~~~~~~~ -

7. Forn SCS—130 , Drain ~ at eria1~ Test Data , 1 ~b~~et .

D is C:i~SI c:~

A. Cl sif~ caticn. In floo lain , 14 to 11 f~~~t of la~~~~ CL,
i-~L, ~~~, SP-S~, ciii G?-ii~ aa tc r ia l c  blanket i~e~~a rkc:~ Lac

~~~ hiho1j tc bedrock. The neta-arkase bedrock i~ w~~~ h-~rcii in
the surf ace two f’~et of the flo-n~~ lain .

In the left ab-~taent , 14 to 8 feet of rec~ u-~a1 :;~ ±ty ~oi~ ~~~a~a~ts
f’rc~ 14 ~o 6 feet of’ weathered phyllite and slate ‘c~iirc-ck.

In tac steep ri~at ab~ tnent , 3 to 5 feet of cil~-y res:-a~~i ~oii
b1aii-~e-t3 several feet of eatk-~rec ~-ycn:te o:arc—ck. At tae toe
of the slope, 3 to 6 feet of talus bc :)i~ers cad ca~b1es and
silty sand have acci~~alated.

B. Dr i U::it~~ eir-ht. The “~ rJlor.~ caa ~ c~~ turbed s~~ ples, wbich Were
tO~ -~~. in :c-bruary, ver~ received at the ab in May. The paraffirL
usea i-~ seal ccae of the ccr.s was cracked and the ~cr~ ies Were
dried cut. ir~ka~ e ca~~ cd by drying appears to have ea~~~ d a
density incr ace ifl -the inc-derately plastic CL r-ter~~ ls.

A w~ae r~a:e o-r ary c-~as~ t1es ~as oota~ rea froa t-ae -tur~ ea
s - - -~o s~ aiiitte~ to tac 1~ aaratory. ‘~ne dry dc-:~~~~~es af t::ea11uv~ -~~ ranCed fr~~ 1.00 jj~/cc for the ~~I sariple, [3~—’1a23 (11. 1)
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th~ “ irp le , ~(C~~j 
~ 2 (~ c9 .1) - (~~~~~~~~

‘- -
~~

- . ::~o~ st~re C C C t~~~~
r .A~d frLa 32 .5~ te A 3 .~~~ :-e *- ct i t ~~ly .

C. S c - a r C r  ~::~~h .  ~ c .~- r i :  t - ~ ~.a~~:-:~~~ . - -; t axi ii aa- -ar
~~~~~~~~~~~-

-
- - C f l t~~~ a C ;~- 2 l - :iic ~-i~ :a- :-~ A -~, Ci, 1-t 2~ (2~

’(.l). ~~~
test a :- -c~~~~~s w~~- c :~-; :-~A to 5~- . of  ~a rj  d ’- ; ~s i tv  wI t : .
::o~ aa~~:-c (- L .~ tea ts  ~~~~~~ ~

-
~::r~~~- - . ~~:

-
~ 

- _ ~~~~~~~~~ fc-r  .;~~V-:a ~~a’js
to ~at~::at~~. Soce s-~~i~~ a -~ ccc -~~-r~-~ d ia-- ~~~~ a~~, ~ai n:
a ~i~~~ht loas :n as: y. ;~

-
~- -:-~~ e ~aa:~~ty of t h -  1.~~~Iach

cr-~ ci:-~-as ~~~~~~~~ :-~sted ‘~
- 93.~-~ ~f star~I ara

I~ o v~-ra ~~ ::o :t-~--~ coatoat c~ the teat sr_-c .en~ 
,:as 52. ~~of th-~cretical saturation . T_ a~ ca-~ar a-i a i. data -ca -a l:.

to give total stress shear :~a:~~.cTers 
cf  ~ = 30

0 and  C = cAL .~~f .

Th~ :acre DLLSt~ C Mc. anc~ CL cc acE at- -)f~ of s~~~
;-icrQ a-cac~ iy

crc- ex~~ ctcA to bc~-a cc ~oci or ~~ Lo-~r rL:e’ c~
-
~ in -

~:-~~ ~~ c’~ -:3~ -~
32-foot -~i~~h nknent Than the ML sica ple that was teated.

3. Cc:~~c-L dat~ oc. j ,’.~ r~ 
--

~ 
e: . ::kcor~ c~~tt~~— --~~~-t ~~~ ~. - i — f o o t

~i~ n flood plain sect-icr1 is estiac ted to be approxiantely 0.5 f e e t .

E : AT - :Li -FY ALALYSIS

The nsopoced 36-foot high acx~~uan section was aaal yc.-h uc~ n5 a
Swedish circle method of anolysis.  The 33-foot high floodplain section
over four feet of foan -dat ion was analyzed usinC a sliding b~~cch ne taca .
Sheer paraaeters of 0 = 30° and. c = 800 rsf were used Ic. the embaiu-=-:nt
and 0 = 21° and. c 303 nsf were used in the foundation . A safety
factor of 2.25 was obtained for a full drawdowr, analysis of the 2 1/2:1
cver 3:1 upstream slope with a 10-foot berm at elevation 373.0. The
d ownstream 2 1/2:1 sloDe with a drair. at c/b = 0.6 yielded a safety
factor of 2.21.

: - ~y~:T ALtLISIS

Che bedrock of the steep right abuta -~nt has a slooc of a~proxizatc-ly
2 1/2 horizontal to 1 v e r t ica J . Averc~ e seati eat of the f ill ama
fcia t~ition at the abutr a tS -estamatea at I i/2’~ . Different~a1
:~~~~.enent for a crasciilcalc-m totential of 1 1/1f- nrn inst a 2 1/2:1
slca-~ was calculated to c-~ o.&c6 f t/ f t . The acciirntely plastic ML
cad. CL 0cc-c materi als are e:-:aected to take that anacat of ur~iform
differential settlea-cat w~ thout cracking.

_ 
~~~~~~~~- - - -~~~~- - - - - - -~~~~~~~~ - - --~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~~~~~
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f;- -:: ~~~~~ to 5.’--foca cc ~~~ ~ :tac lc-:. :-~c.i a: 1t a -  :- ca :y ~~ :: lc , -~ -~1~~:~ (3 : 2 .1) fr-:ac-a:.a~~c:. 3~Ch
cc l  ih~c-c: -~~~ ; ._ - A .  1-~c-; -t  of  the  ::-;cAit-.~ ~~~~~~~ I ML

h~ c dry d:~ lab s in the r.aJ: c-f 1.35 to 1.31 C / c c .

C. Cc a: ~~ on. 0: — h ~ n- :.aic-cal  c;or,:ol~ d;_tIc~ ac-san v:rc c.adc
ML cam:le, 70dl112 (305.2) and a

~~cin -n of the Cil, sanrie , .~]81b (326.1) .

teat c;:c~ in~— ; re ccc.Ic-d at a— -~ r - -aat: rh i ,cu:~~
c r a :~~at  (which was  cul t-c cry) to 1 3C3 cci arc i thc: .  were a- 

- ;~ r the 1cuOO p~f lcca :n f .  ~t e  :L c~-rcc.ay -~L :c.c.:~ -: (:-~c.: cr1-d cte coascl~ Aa ; ion  c-f v~~-n c; cated unc-: r c~~~CCO cci
a .  Total coasolidatica c.OLc-~ t. oh oC th-: MA sam:-llc~ und e r the

- . -
~~~ :asf : och of the oco:-cah 35-Cc-at L h  Jar, was ~~. ~~~: - - i-:-:- aely plastIc CL sanpic- y~eld~d a c-a::ac Id-aicn tactcr t~c1c r:- ;-:i::aael y l~ ler a ~.300 paf irad .

3. S~ r - -ceacth . Ccnsol~dat~d u a h r aiu - c . i  triaxial c.c.’ t eO t S
ac an thc ~~~ density a1luv~ al ML sanple , f01-~I5i2

~3I5 .2) ~a.5 cc der.se ahi-avial CL i rcacle, 73M1113 (3 26.1).
a-:~~t -cas nade on the cand y CF-CM c- ample , 7O~ ii~16

acaslay of the t r iax i al  shear test s~~ac~r.ems of the ML
:: .:cl e , 7A- .~l~~2 (3 0 5 . 2 )  varied from 1.26 ~~/cc to 1.33 ~~ /cc .

t s a  spe cimens wore sca -:ed for seven days to saturate 
~ere 73 to 8o~ of theoretical satus-ation when t-~sted. The

c~~ ar t~ ct data was intc-rxreeed to yield total stress values
of = 21

c and C = 3j 3 psi’.

Dry density of the CL test specimens of sanrle 7C~2S18 (326.1)vrrbc-d. from 1.53 ~~/cc to 1.614 gm/cc. The test 5p-cimems were
c-caked for seven days to saturate and were 92 to lC3~ of th~ crc-
tied saturation waer~ tested . The shear test cans was interpretec.
to dive total stress shear parameters of’ 0 = 20.5° cad c = 1250
psf .

The 2 x 2-~ rich SF-SM direct shear test specunens were flooded. at
the start of loading. Dry densities varied from 1.49 ~~/cc to1.62 gm/cc. The direct shear test data was interpreted to
give sneer -parameters of 0 = 314.5° and c = 1000 psf.

A. CI - ~f1ccticn . The borrow na-ten nis -c i 1  cc-:.sist of :-c.--stly
a: ty coca , like tr~e non-plastic ML sample , 73-,c323 (257.1) from
th-~ Lnc:gr:ccy spallway, ond mooeratc:ly plast:c slity terrace
soils, like the ?~~ sample, 70.-A1333 (110.1) from the borrow area.
C - .cIl amounts of SC, SM, and CL materials will also be available.

I
L - ~~~~--~~~~~~~~~~~~
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~~~~~

-
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:-a-
C : ~~: Vir~~ a:z ~A --Cl , hc- .c.ic in

L-c.- -~ “ cc - ;
~~

- ‘ :a i a;,:; n -j cc- ccc; cam ;- ;  Iida tb cr. to-ct ; a- :

~-‘L ::.c -lc , I- -~l:: .I ( 3C- J~’) .  ~ :h: i : :  a “nc r-ca l ’ r- - a i i t  a m - :.
l aw chc.acity cilay ::. ~aerTh1: ac -c- c- ;d :..  in a dry ctatL ~h-:: . a
The J,-:11 :c -s 1 , a t -  thc :hr, l a w  a1l~~-a cc. as racist cc~c the wc~-er a - s  am
is sha l low , so it ic: da-Jc-tf-J t hat the dry foundation cariOit~ on c-c. cia.
Uneven wetting of coPy b-c density silty fo-arcdation materials cc am ;
cause ensaroccent cracicing.

A. Cena-~nii Cutoff. For fcundctiL-a 1-ca-tun wIth ::ac I: -
- :- 

width cutoff with 1:1 SiAc cl- -nss exaead.ir.J to I
Is r e cam~maridcd below th~ :.a r . rnest  mccl e lovotIcc  - C  II

vat-h cc:dcrateiy plastic ML or CL maaer -I : f ls i i-~cc- d ~at or :- :c -

omtir:am moisture conten~ and caccacea to a :cirh’  -a de i ca l ty  a;
ci’ s-tcr~cara .

the flcc-dplain foundat i  or. clluvi cc. is ds’y, t-:-:c fcuadatI -a:.
shocid either be are-wet Ic-Core cc- t-:amtion st- rts or th-~ dc - i
icy density silty ucacrial should b-a removed..

3. Dcci - -m- . A fa-cadatica trench drain at c/b 0.6 icc
to c-ccic-t- possir-le seeps~ c~ that by:-c-accs tl~ce centerline cut:-fi’
tIc-: ;~ 1 the belcoch, as1d to control the phrcaaic line in ale
emb ankment. A two-layer filter is suggested to drain the wide
roafe of fcundation materials . AST- f1n~ . concrete a~cre~ ate
around 3TM road a :g:c-~cte ~,473 will ‘cc sufficient. See
the attached Form SCS-130 for gradation of materials.

C. Princimal_Snil iway.  Pipe elongation calculations based cm 35
feet of embard—.mcnt (~ 2014~) over cix feet of cc-accessible
foundation with a 5~ consolidation t-oterltial show a horizontal
strain of aprroximately 0.002 ft/ft. A minimum o-f undercutting
to es tool isa  grace is suggested to avoid logitudinal strc~~r.s
along the principal spillway trench. The al1uv1-~r~ on each sins
of the principal spi llway will control the srreading in the base
of tne emban~~ent.

Backi’ all -with mcserate~y plastac f:ne-gra~nea materials placed
on the wet side of opt imum arid compact to 95% of standard densit’j.

D. Fnsca.a~~:.:~~e - I - -n. The :abl:ving are recommended :

1. Sc-am ctive~ y j h - .. - ‘c trce p.a - iJ C CL aria ML borrow materials ifl tao 

. _ _ _ _ _ _ _ _ _ _ 1 _ - _ _ _
~~ - - 
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Cc-c an ~r~ , -:-vi c:; — core . Flace at or n: - ~~,m
c - c a i m a r ;  to c - acir. the Ic ~asa

2. :h-lectivcaly alac~ t he sal coca-- ; as :- ~n—p~cciatic; ML a r d  SM
:-terici~ ira the occer s ils. —

3. C-c:r.pcct c-::ae:..-m ana to a minim-am do-risity of 95~- of stoncari.

14~ ;rc -.-:cle 2 1/2:1 c-.’c-r 3:1 ucasre:,:: slopes nsa 2 1/2:1

~amwac’rrcam c / _ S .

5. fl-c- c hi c an c-v~ :fiil cf 0.6 foot across the floodplain to
cc:cmamscte fcc residual fc-ansation and ea-Csnnkmc-nt
cac-atlement.

Frepared. by:

- - - : f -  - - 
~~~~~~ I -, 

-

n.~ rOVeS by:

- - - ‘

~

---_-- - I - 

b r a  P. a .mniJan -J —
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APPENDIX VII - REFE RENCES

1. Recommended Guidelines for Safety Inspection of Dams, Dept . of
Army, Office of the Chief of Eng ineers.

2. Design of Small Dams, U. S. Department of Interior , Bureau of
Reclamation.
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