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PRE FACE

This report is prepared under guidance contained in the Recoenended
Guideline s for Safe ty  Inspection of Dams , for Phase I Inves t i gations .
Cop ies of these guideline s may be obtained from the O f f i c e  of the Chief
of Eng ineers , Washington , D.C. 20314. The purpose of a Phase I investi-
gation is to identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general condition of the
dam is based upon available data and visual inspections. Detailed in-
vest igattoci and analyses involving topographic mapping , subsurface
investigations testing , and detailed computational evaluations are beyond
the scope of a Phase I investigation; however , the investigation is
intended to identify any need for such studies.

In reviewing this report , it should be realized that the reported
condition of the dam is based on observations of field conditions at the
time of inspection along with data available to the inspection team. In
cases where the reservoir was lowered or drained prior to inspection , such
action , while improving the stability and safety of the darn, removes the
normal load on the structure and may obscure certain conditions which
mi ght otherwise be detectable if inspected under the normal operating
environment of the structure .

It is important to note that the condition of a dam depends on
numerous and constant ly changing internal and external conditions, and is
evolutionary in nature . It would be incorrect to assume that the present
condition of the darn will continue to represent the condition of the dam
at some point in the future . Only through continued care and inspection
can there be any chance that unsafe conditions be detected .

Phase I inspection s are not intended to provide detailed hydrolog ic
and hydraulic anal yses. In accordance with the established guidelines ,
the spiliwa y desi gn flood is based on the est imated “Probable Max imum
Flood” for the region (flood discharges that may be expected from the
most severe combination of critical meteorolog ic and hydrolog ic conditions
that are reasonably possible) , or fractions thereof. Because of the
magnitude and rarity of such a storm event , a finding that a spiliway
will not pass the design flood should not be interpreted as necessarily
posing a highl y inadequate condition . The design f l ood provides a
measure of relative sp ilivay capacity and serves as an aide in
determining the need for more detailed hydrolog ic and hydraulic studies ,
considering the size of the darn, its general condition and the downstream
damage potential .

t
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PHASE I REPORT
NATIONAL DAM SAFETY PROCRAM

BRIEF ASSESSMENT OF DAM

N. ii ne of Dam: I aike Cohoon Dam
S l i t1’: Virgini a
Cou nty : Cit y of Suffolk (Formerly Nansemond County)
iI~~I S  lu, :uuI SIIt’et : t~I ISII;or , V I  rgi ii i n

St rt ’aIII : Nanst~IIIonuI R I ~e r
D a t e  ot ln s~wct  ion : M ay 7 , 1979

l ake Cohoon i)am is located in the City of Suffolk 2.15 miles south of
U S Route  460 at Providence Church.  The dam is an earth embankment
about 900 feet in length from abutment to abutment. The dam is 35 feet
h igh from the top to the toe . The top of the dam is 12 feet  wide. The
dam is c l a s s i f i ed  as in te rmedia te  size and s ignif icant  hazard . The dam
Is owned by the Ci ty  of Portsmouth , Dep artment of Public Ut i l i t ies .
The purpose of the dam is water  storage for  the treatment plant  and rec—
re ;it  i n , f o r  t114 C i t  v of Por t  ~UII()IIth .  Tlit~ dm11 1185 a conc rt ’te sp i l i wn y
that is  V— sh aped and has a crest  length of 300 fee t .  The sp i l lwny con-
s i s t s  of th ree 10—foot wid e steps wi th each having a height of 5 feet .

Based on c r i t e r i a  e s t ab l i shed  by the Depar tment  of the Army, Office
of the Chief of Eng in e e r s  (OCE), the spiliway is rated as inadequate.
Tin. s p i l l w a v will only pass 26 percent of the PMF, while the Spiliway
Des Is~n Flood ( I ’MF ) w i l l  over top the dam for 18 hours and reach a
maximum of 2 . 3  f eet  over t h e  t o p  of t h e  dam , w i t h  an average c r i t i c a l
veloci ty of 8.7 feet  per second . Since the spillway wil l  not pass
1/ 2  of t lie S1) F , t in ’  dam is .asst’ssccl as “unsa fe—non— em ergency ” in
accordance with guidelines presented by the Corps of Engineers. The
water leve l readings i~n the observation wells on the crest 

of the dam
show that the core wall is apparently not functioning and that the
stability of the dam is questionable .

It is recommended within 6 months that the following work be accomp-
lished :

a. The phreatic surface within the dam should he surveyed and
yen I led

1’ . A more detailed stud y of the downstream flood p lain and of
t h i t ’ SPI  11  way De~ I ~ n Flood ii pp ropr I a t  t’ to this dam should be conduc ted .

Ia 1 mt ’;ls ,,res t o  be considered Inc lude modification to the dam ,
s p i l l w : i v , flood p l a i n , a n d/ o r  any o ther  method of e l i m i na t i n g  the dan—
ge. r Imposed by the pro cc t

c. An annual maintenance and inspection program should be
initiated to help detect and control problems that may occur.

ii
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SECTION 1

PROJECT INFORMATION

I . I ( u ’ t n u :, h

1 . 1 .1 A~ t her S t y :  P i th  I Sc Law ~l7—1 67 • 8 August 1972 a u t h o r I z e d  the
S c cr . t • I !V  t t t  t ltt• Ar m , t i t r i c t i s h the (:orps of h : n g i i w e r s  to m i t  f a t i  a

nationa l program of safety Inspections of dams through the United
St atcs . T h e  N o r f o l k  Distri c t has  been assigned the r e s p o n s i b i l i t y  of
s u p e r v i s i n g  the inspec t Ion of dams in the  Commonwealth of V i rg in i a .

1 . :‘ h’ i i rpco c ol  I m l s i c t ’ t  t ion: Ihie purpose’ is to condu c t a Phase
I I i i~ ; j c t ’ c i on  ; , i c o  rd I mig  t o  I hit I~t ’( ’t )ms1i1it ’fl ded (‘. i i i d e l  lnes for Safety In spec —
1cm of Da m (Ai pt iid I x  V , f~c Ii r e t i c t ’ 1) .  l h I ( ’  m a i n  r ( ’s f)on sI i ) i I t t v  Is to

(‘~~ I)c d i t iot u ~ i v  Ident 1 f v  t imos t ’  dams which may be a potent ia l  hazard to
huma ii 1 If c t ) r p r o p er  t V

7 Pro j ct  D e s cr l j t  I on

1.2 .1 Dam and_Appurtenances: Lake Cohoon Dam is an earth embank-
ment dam 900 feet In length from abutment to abutment. The dam is 35
fee t  h i g h  from the  top at  e l e v a t i o n  33 to t he  toe at e levat ion —2.  The
top of time dam is 12 f e e t  w i d e .  The u p s t r e am  slope of the  dam is 2 . 5  (H) :
1 (V) and 2 ( H )  : 1 (V) on the  downs t ream s ide  of the embankment . The up-
s t re a m  s lop e  has  stones u n i f o r m ly  p laced  2 to 3 fee t  above normal pool
e l e v a t i o n .  There is a concrete cut of wal l  f rom e leva t ion  —15 to eleva-
t i o n  32 a l o n g  the  cen t e r  of the  dam . The cu t  of wall  Is 12 inches wide
a t  e l e v a t i o n  12.

T h i t  d Imim I u t  1 t l (l i s :1 V — ~~l m i  pt d concrt t e sp 111 way wjm 1dm has a c res t  length
of 3U() feet . The open end o l t i m e ~~~~~ is 1 2 1 f eet  w i d e  wi t im the
closed end e x t e n d i n g  up s t r e a m  f rom the  toe of the dam. The sp illwav
c o n s i s t s  of t h ree  10—foot  wide  s teps w i t h  each having a height  of 5
fe et .  The crest  of the  sp i l lw a v  is at e l e v a t i o n  28.0.

There is  a g a t e  house a c c e s s i b l e  by a p e d es t r i a n  b r idge  from the top of
the  dam .  Within th e gate house  t he r e  are manua l  lv operated controls  for

hir ce  :‘4—In(’h valves and two 10— in ch sl t i i c e  g a t e s .

1. 7 .2  L o c a t I o n :  Lake  Cohoon I s  loca ted  2.15 mi les  south of U S
Route  460 a t  P rov idence  Church a long S t a t e  Route  604 about 0.5 miles
south of the  in t e r sec t ion  w i t h  S ta te  Route  638.

1 . 2 . 3  Size C l a s s i f i c a t i o n :  The dam has a storage capacity of 9 , 400
acre f e e t .  Therefore  it is c l a s s i f i e d  as intermediate according to the
s t o r a m ~e c a p a c i ty .

1— 1
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1.2.4 Hazard_C l a s s i f i cat ion : The dam is immed ia t e ly upst ream
from t h r e e hit lid ings wi tim aim eSt  Ima ted populati on of 10 peop le , and
Is therefore given a signifi can t h a z a r d  c l a s s i f i c a t i o n  in accordance

w I t h  o c c  t Ion 2. 1 .2  of t lie R. ’cc . cn mnme n d t d Cu id elI nc j9r Safe_cij~~ J�t’c—
I I on of h ) ammmm4 , pill) I I shied 1w t hit Department of the Army , o f f i c e  of t he
( 1 i  l e l  of h : t m g l i i e i ’ r s .  Thie hazard c l a s s i f i c a t i o n  used to ca tegor ize  the
cI . i i i i ~ i i ;  a i i t i i c (  l o u  t i f  b e a t  Ion only and hia t t  n o t h i ng  to do w i t h  It s
n t - t i m  i i  I t  V d r  p ro bah i  i i  I t v  of failure.

7 . m (1w mht _ t p : I aki ’  ( ci hutitmn i t t  owned by tht C I tv of Port  tu mnut h
Pi per t mt ’nt of Pi th  li e lIt f l i t  i t s .

. 2 . 6 !~!~r_n~~i~. of Pain: l ake Cohtoon Is used for  water storage for
the water treatment plant and recreation by the City of Portsmouth.

1.2.7 Design and C o n s t r u c t i o n_h i s t o ry : The lake Cohoon Dam was
constructed in 1912. In 1919 the War Department Construction Division
inc reased the  h e i g h t  by 13 f ee t , r a i s i n g  it to e levat ion 33 at  the top
of t h u  d am .  At thit same time , a V— sh aped concrete sp il iway was con—
St r i t e  I t t l  w i t  Ii t hu e crest :i t elevation 28 and a crest 1 engrh of 300 feet.

. 2. 8 N~~r~im~i)_ Op e r a t l o m i l  Pro edt i r e s :  When pool leve l I s above
sp[ liwav c res t , the w a t e r  automatically fl ows in to  Lake Meade. When
the pool level is be low sp iliway c r est , the water is di r ec ted by
manua l o per a t i o n  of the valves through the 30—inch diameter pipes to
La ke Meade.

1.3 P e r t in e n t  Data:

1. 1.1 Dr aIn ag e  Area:  The dam controls a drainage area of 33.3
square miles.

1. 3 . 2  D l s t h t ; t r g e  a t  Dam Site:

M a x i m u m  f l o o d  — unknown

Two 30—inch out let  pipes
pool level at sniliway crest 216 cfs .

Sp i liway
pooi level at  top of dam 10,400 cfs .

1 .3.3  Dam and Reservoir Data: Pert inent  data on the dam and
reservoir are shown in the following table :

1—2 



Table 1.1 DAN AND RESERVOIR DATA

___________ 
Reservoir

El evation Capac i ty
feet Area , Acre , Watershed , Length

I tem m.s . 1. acres  feet  inch es m i l e s

Top of Dam 33.0 850 9 ,400 5.3 5.0

:;~~I I Iw~iv t e e m-i t 28. 1) ~ ( I I )  6 , O7~~ 3.4 4 . 3

St reambed at the
toe of the dam —2± ——— — — — —  — — —

1—3 



~

SECTION 2

ENCINEERINC DATA

2 .1  D e s i gn : The ava i l able  in format ion  consists of plans pre-
par ed uiusier t he  d i r e ct i o n  of the  War Depar tm ent  O f f i c e  of Const ruc t ion
( i u : t  r t  e run e s t er I i i  191 t) The p h  ann C uitl  Ic at e  I h ere is a cone ret e’ core
we II from t lie m arl I h i t ’ (utime r I in It of t i e  York town Forma t ion) to one
foot below t’e ton of the dam.

I . I Operal t o u i ; u  1 Record : Tim , ’ d :uTmm Is ; time d :im a st o r age  f ad  I I ty
I i cr t in I It y iii l’o r t snout  t h i , V I i  ~ Itt I i  . It w;i cons t rue L t d  I n  191 2 and
a I t e re ti i n  19 It) to raise’ time ci eva t ion of t h e  dam f r o m  e l e v a t I o n  20
t o  i i  i ’ve t l i m i t  13. (See App e nd I x  TV , Sect ion C , pa ragraph  ~hi , fo r d e t a i l s . )
T h e  level of tim e re s e r v o i r  Is rm or ina l ly  regulated by water  f lowing over
t he spiilw av c rest into lake Meade . The wate r  level can also be reg u—
la ted by opening one or more of the gate va l ves located in the gate
house (see set’ t I on  4 th Is report. )

*7 .2. 1 C eo l o g l c  S e t t i n g  of t i m e Dam : Time dam is loca ted in the
C o ast a l  Plain p l m v s i o g r a p h m l c  p rov ince  and is u n d e r l a i n  by the Yorktown
h i i  e m i t  I out of M I occu l t ’  geo I og i t ’  age’ . Time Y o r k t o w n  c o n si s t s  genera  l i v
of t m r c c o u m s ; i m l  h I . i t  e d  m:m r m e ’  s a u d  c lay and broken shiel  I nyiter lal . West
oh t h e ’  N : uum s t ’m o uu l  R I v e r t i m e  t ipper  S to  10 f ee t  of t ime York town F o r m a t i o n
Is ;  t im-a t e  11 V o r a ng e  t o  y e l l o w  Sum c o l o r  be fo re  g r a d i n g  In t o  i t s  charac  ter—
1st It ’ g ray  to green c o l o r .  S u r r o u n d i ng  hi  11 tops  in t ime Immedia t e  dam
area are u s u a l l y  capped w i t i m  the  Sedley Fo rm s-m t ion of Pliocene geologic
age. The Sedley Is composed of f i ne  sand and s i l ty  sand with th in
layers  of s i l t y  c l ay . Tim i s f o rma t ion  averages about 10 feet  in thick-
ness and was not encounte red  in  t i me t es t  bor ings .

*2 .2 . ’ A v a i l a b l e  C e o t e c h m n i c a l  D a t a :  Ceologic i n fo rma t ion  obta ined
I n  c o n h m u n r t i o n  w i t h  t h e  o r i g i n a l  i n ve s t i g a t i o n  of the dam was not ava i l—

al - t i e .  hloweve ’r , a g e o t e chn lc a l  In v e s t i g a t i o n  of the dam was conducted  by
Schmnaimel E n g i n e e ri n g  Assoc ia tes  in 1978 . Time report  of th i s  stud y Is
Inc l uded in A pp end ix  IV . Seven soi l  t es t  bor ings  were dr i l led  in con-
j u n c t i o n  w i t h  the i nves t i ga t i on, four  a l o n g  the crest  and three along
the downstream toe of the damn . Two observat ion wells were installed on
the crest  of the dam In conlunction  w i t h  the soil test borings . An
obser vat ion wel l was i n s t a l l e d  on the  u p s t r e a m  and downstream side of
t h e  core w a l l  ( c u t o f f  w a l l ) ,  to measure the effect iveness  of the wall.

* ) ,
)
. ‘; D am F o u n d a t i o n : The dam is  founded  on a layer of a l luvial

s o i l  ‘; t ons t n t  I ng of s i l t  v . u i m t l  c l a vc v  sant l s  . T im i s  Is d e s i g n a t e d  as
“ St r i  t u t m i m  It ” i n  t i m e  1978 R ep o r t  b y 1. K. T i m mn ons  and Assoc iat e s  ,‘mnd
Sc l i i i .  u I c t  ‘ I l i i i ’  l i i i  ‘ c r  I um p ( ‘a ’ .’  !‘I :i i t ’ s  ? , I ; uu m d 4 of Append I x  TV . ) No
ot  r i nc- , t i i  I t o t  S W i ’ u~ ’ p t - r i  o r u m m e mI on t i u sso s-u i I I  s , imow ev er , t o t a l  and e f f ec -
t i v e ’  f r i c t i o n  ang les of 35° end t o t a l  and e f f e c t i v e  cohesions of 0
were ass igned to the  s t r a t u m .  These a l l u v i a l  soils are underlain by
c l av e y  sands , clay ey s i l t s  and s i l t y  clays of the Yorktown Formation
( S t r a t u m  C . )  No s t r ength  tes t s  were performed in this s t ra tum.

*In fo r m : mt i o n  provided by Law E n g i n e e r i n g  Associates of Virginia .
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* 2. 2 .4 E ummt - c ;m nk m t ’n t : ‘lht& ’ enthan kunent  consist.  s of two m a t e r i a l s ,
r efer r ed  to as S t r a t u m  A and Al on the  subsur face  p r o f i l e s  in Appendix
T V . St ra t utu  A , from t i m e  g r o u u u m , I  st i r  fa  c’e to a depth of 14 to 19 fee t ,
c o n s i s t s  of s l i t  y to c Iave’y coarse sand , of a very loose to firm den—
s i t v .  Laboratory  t e s t i n g  i n d i c a t e d  a to ta l  f r i c t ion  angle of 130 and
a to ta l cohesion of 400 psf for  the S t ra tum A soils. The tested
e f f ec t lv i ’  ;m n g l c  of ln t c r u i ;u  I f r I c t i o n  fo r  S t r a t u m  A was 37° w I t h  0 co—
i t t ’ s-i C c c i i . ‘Flue C u t s - ;  l i i i  tR’m ;ui it v of S t r a t  t im A r;tuuge ’tI from HO to H9Z of t im e
st : m u m i I : i r d  l’ r o ct or  M ax imum d r y  den s i ty  (based on two compaction tests.)

St r a t  tin ’  A l  , t n t  e’rhe ’dde ’d w i t  Ii St r at  urn A to a dept  h i of 4 to 20 fee t ,
t ’tmns ; 1st of s l i t  v c i  ave’v mad I mui m i sand and n i l  ty d’ I ;mv of a so f t  to very
st 1 f f t OutS i m-m tt’ncy. ‘Flue strength of th u Is stratum was not determined by
t eui t I t i p ,  h i t m w e ’v er  , t o t  a 1 and e f f t ’ t ’ t I ye’ f r i c t ion  ang i em of 40 and 370 ,
r- es.4p . i - t  I v e l y ,  ,i t i t i  t o t a l  ; i u i . l  c i  Fee t lv i ’  ccc l i i ’ s  lou ts  of 700 ps f and 0 , r es—
pe’c t I ve l y ,  were ’ e s t i m a t e d  fo r  St r ; i t u n  Al

S t a h l  1 t r y  ana ly se s  were condu it  i”i b y Schnabe ’ l Eng inee r ing  Associates
Ii i  c c c i i  u t u m e ’ t l imi t  w I t  h i t im e  s u i h n u t r  face ’ I live ’s t I get  ion performed in  1978 .

Th e’ I o ;mt l i ng coui d I t ions of hot  ii St e:id v stat e ’ seepage and sucld en drawdown
of t h e  r e s er v o i r  were cons ide red  fo r  both t ime  ups t ream and downstream
i’nih;i u k  nmt ’ ul  s i  open . The seepage 1 1 ne ’ f o r  st  t ’ady s t a te  seepage cond I—

ton s ;  was de ’vel ope’d f r o m  r e -a t I  I ngs t a k e n  at  t lie observation we l l s  a long
t h e  cr e s t  of the dam.  The p h m r e a t i e ’  s u r f a c e  used for  the section used
by Si - i u , u : i h , ’ l  In  t I m e  h r  a na l  v s - s i n  I n  shown ti n P l a t e  2 , Appendix IV .

‘lime re - s u i t s  of the  s t a b i l i ty  a n a ly s is  a re  as fo l lows:
Load ing  Factor of Required M m .

Su r f - i c e’ Case_____ Cond i t ion  Safety Factor of Safety

Up st ream I Sudden drawdown 1.3 1.2
of Reservoir

IT T Steady Seepage 1.9 1.5

Downstream I Sudden drawdown 1.2  1.2
of Rese rvo i r

III  
— 

Stead~~ Se~~ age 1.5 1.5

7 . 3  Eva tm u t a t i o n :  B o r I n g s  and l a b o r a t o r y  da ta  have been obtained
by Sehm-u ah e ’ l E n g i n e e r i n g  Assoc iates In 1978. This da ta  does not ade—
q u i a t c ’ I v  ( I c ’ f I n c ’  the ’ st r e ’i gt im  of the  f o u n d a t i o n  soils , however , since no
st r t ’ u m e l  h i t , ‘st s were  p e ’r for um mt ’d  . The’ assumed va lues  appear reasonable
; ium d a i h t ’ q u t a t & ’ enough to a c c u r te l y evaluate  t ime s t r e n g t h , however , lab—
o r a t o r y  t e s t s  s h ou l d  he performed . In a d d i t i o n , the densi ty  of the
e’mha um km e- n t  s o i l s  was not adequa te l y de t e rmined  since only two compaction
t t ’st s  we’r e’ per formed .

*lnformation provided by Law Engineering Associates of Virginia .
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SECTION 3

VISUAL INSPECTION

3.1 F i n d I t ~~~:

1.1 .1 Cen , ’r a l  : lime r e s u l t s  of the  May 7 , 1979 I n s p e c t I o n  are
t ’ c o u i I . ’ c I  l i t  A p i m. ’ u t c l  I x  I I  I .  At  t u e  t C m i ’  of I i i s t p e r t  l ou  t hu . ’  poni , ‘lvv:i t Ion
was  ~‘H .7 mit ,  m m .  I . , stln mi u t 7. ‘‘ I t ie - I i i ’s  above  no r tu u , i  1 pool e I ev su t  m u .  ‘i ’here ’
was ; e h m i n u t  2 — I inc ite ’s  of wet  er I lowing over time spi 1 iway .  There was
au t I um s ;p ec  t I t - tim r e p o r t  ave I i  a h i l  e , done by .1. K.  Timmons and Associates  In
1978 ,

3 . 1 .2  Dam : There is  no obvious h o r i z o n t a l  or ve r t i ca l  misalignment
in t hue dam . Minor u umclmu l e t  I otis were obse’rvcd in the downstream siope ,
however , no c r a c k l u i g ,  s e ’t t l e ’m e ’n t  or b u l g i n g  was observed . A pa th  was
worn i n t o  t ime  downs t r eam s lope  a np r o x im a t e l y  f ive fee t  up from the pool.
ii I ut or  erosion of t h e’ st i r  f acu  s o I l s  ima s  r esu l  ted a long the  pa th .  The
l i i  :u’ t ’c I s - s  I , c u i . ’ s ;  o u t  t h e  t u p s t  r e :inm s l o p e  umi ’t ’d~ to he re I Si 1( 1 wlt i ’r e  sons’ u-umal I
c i i - p u t  -~ s - s I o t i s - ;  I i : uve  net’ u ur  i ’d.  ‘l u cre is  no u i-tv l o u t s  ml  o tu g h u I ng on the v i  H Ible
s - s h c 1i ,  - ;  . ‘ I i i .  re we s ito ( ‘r ae ’ k I im p or ( ‘rein Ion not  iceable itt time ’ zmhut tmc ’n t  s
A p i ir ox  i m m m ; i i t ’  I v  i t )  t ree nt m umps  were ohserve’d out the  d o w nst r e a m  slope’
of l i i i ’  , - m n h , u i u l < n t i ’ u m t  t o  t h e ’  i c- f t of time ’ 5 1) 11 ]w ;u y .  The’ tree ’s ;ipp eared
to have been cu t  r e c e n t ly .  Water  l evel readings  were taken In two
eu h , s e ’t -v : i t  I t - t n  w e l l s  l oca t ed  out  t h e  c res t  of t i m e dam.  Acco rd ing to the
p e t i t  c - c h i n  i d - a  I r epor t  c-nc 1 nscsl f i m  A p p e n d i x  TV these w e l l s  are located
ott  c’ I t  i t e  r s-; I t ie  of lie ( ‘ot ic r i ’ i t ’  core ’ w e l l  . T ii add I t  ion , two hand
; u i u m s -~-r probes wi-re ’ made a l o n g  t u e  downs t ream slope of ti m e dam . Approxi-
ma t e’ wete ’r  l e v e l s  we’re o h t a i n e - d  f rom these probes.  The water level
r e a d i n g s  oh ta l i m e d  f rom t i m e  w e l l s  and probes indicated the core wall
was u-tot f u n c t i o n i n g ,  A t y p i c a l  cross section of the dam wi th  an
s i p p r o x i m ; i t c ’ 1 l i l t ’ of seepage b ;mse ’d on time wa te r  level readings taken
Is s l uow um on P 1st  t e 7 i n  A pp end i x  1

3 . 1 . 3  A p p u r t e nan t  S t ruc t ures: The valves are in operating condition
according to the r epresen ta t ive  of the owner , however , the walkway and
gate house are In need of r epa i r s .

1. 1,4  A b u t m e n t s :  Time abu tmen t  w a l l s  show wh i t e  s tains , spall ing,
and a c t u a l seepage . At t he  l e f t  a b u t m en t  wa l l , about 4 fee t  d ownstream
from th e’ end of t ime  slope wa l l , there is a jo in t  showing seepage of less
t i t an  I CPM a c e ’t u m t i l a t i o n  of mmmd and smal l  roots .  The abutment wal ls  showed
s igns  of sp a h l i n g  and r e i n f o r c i n g  bars were vis ible  in some locations.

1. 1. 5 Sp l l l w ; i y :  Time ’ sp i l l w a v ,  which had water flowing over the

t’ r i - M t  s i t  L i i i’  t i  me of lnsp . ’c t ion , had some spal 1 1mg of the concrete at

lie ’ I cad I im p eel ge’ of t ime ’ s p i l l  w;iv steps and a t  the j  o ln t n

Soil and water was seep ing through the left spillway wall, at less
than 1 CPu . Approxima tely 20 fe’et downstream from this seepage location,

wa ter wa s see p i n g  f r o m  the embankment  soils , over the concrete retaining

wal l  and i n t o  the  sp i l iway . The approximate location of these two areas

is shown on p lat e  6 In appendix  I.
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1. I .6 T n s t r u n m e n t a t i o u t : I)ur I ng t hi t ’ 1978 1 nvcst  i p at  ion by Schnabel
Ftm gin i crln g Assoc Iates (Append l x  T V ) ,  f o u r  o b ser v a t i o n  w e l l s  were In-
st :tl 1 t~ I .  Two of t h e  we’ l 1 we ’re i n s t a l l e d  on the cres t  of the dam in
e ’ c c u i h t i t m t ’t  to ut w I  t i m  t h e  s o i l  t i - s t  b o r i n g s .  W - l  I s  we’re’ a l so  i n m t s m l led on
t h e  u p s t r e a m  an(I downst re ’am sides  of the  core wal l  to measure i ts e f f e c t —
ive ’tmi ’ss .  M e ’ asu t r e ’n i e ’u mt s  in t Im e ’ we’ ! i s  we’re t a ken  at the  same t ime  of the
1n ~ p .’i ’ t lou t  am id  a r c ’  inc  1 iu l . ’d  i t t  A i- t p , ’t t d  i x  1 s in  P h t ir e ’ 7.

3 . 1 . 7  R e s e r v o i r  Area :  The s u r r o u n d i n g  area is densly wooded .
l a n d  ;iel h ;t ce ’nt to t h e’ l ( ’f t  side’ of thme spi l iway  had recent ly been cleared
of sm ite I l  t re e -n  end h i r u u s - s h i .  ‘I ’hi , ’r e I t ;  st i l l  c onside rab l e  deb ri s  (br imnch u ’s ,
s - c t  u u i u i p s i , .‘ i . ’ .)  c , m v i ’ I  I i m p t l i t ’  g n i u t u t e l  s-st i r face. On t h ’  ( ‘rest nu u i l  upper  p ar t
of t h u . ’ e l own str e ’ ; im slope’ si t  t h e’ sou t hm e ’r n m os t  sec t ion  of the  dam , several
l : u r g e -  t r t ’e ’ s t umps  we’re p r e s e -n t .  ‘l’Iie’se t rees had r e c e n t l y  been cut  down .

‘I’aum f l u m e s  we ’r i ’ cloud lug an a p p r o x i m a t e l y  ten foot  square area of the
downstream pool a d j a c e n t  to the  shorel ine.  The approximate location
of t h i s  area is d i r e c t l y down slope of observation Well 3—3 (P late

7 , Ap pe ’u m d i x  1 .~~ The clouded aresm i n d i c a t e s  the presence of f ines
wit I t - l u  mmm ; u v  T i m d  h ’ ; u t e ’  n I pi’u ’ .

We t i - u w i t ii so! I f l u m e s  was sc-e p 1 uig t lirotigh t lie 1 e f t  Sf) il lway  w a l l  at a
ret t ’  of 1 , n s  t i i ; u u i  I p t 1  h u t  t ie r t m m l n u t t  e’ ( gptui . ) A pprox luu t s i t u ’ l y 20 fei’ t
d owns t r eam f r o m  t h is seepage loca t ion , wa te r  was seeping f r om the
e m b a n k m e n t  soils , ove’r t ime c o n c r e t e  r e t a i n i n g  wa l l  and into the sp i l l—
way s i t  si r ; t t t ’  of Ii ’ss t i t a n  1 ppm . The a p p r o x i m a t e  l oca t ions  of these
two a r , ’sm n i s  sh own on P h  a te  No. 6 In  App eu md ix  I

3 .2  Eva lua t ion : The visual  inspec t ion  revealed a number of
d e fi c i e n c i e s  w h i c h  need further stud y and/or remedial action. Infor—
matlou m from Law Engineering Associates in con junc t ion  with this  report
ind icates ti-tat the core wall may not he functioning properly (see Plate
7 , A p p e u m d i x  I . )  I t  is recommended t h a t  the  owner , over the next 3
mont h s , m o n i t o r  t im e two w e l l s  on e i t h e r  s ide of the core w a l l  to deter—
rmm i ne whte’thor or not tlmc wall Is f u n c t io n i n g  p roper ly .  If tim e water
h i ’v e l  on t i m e  downst r eam sid( ’  of time ’ w a i l  r em a i n s  near the l evel on the
t i p m t  t i - s u m  :; ide ’ , t hue  owner t i u i c i t u l d  n , ’c ’u i r , -  t i m , ’  s - s er v i c e s  of ,, p r o f e s s i o n a l
i ’ um g  l u m ’ ’.’ r to ( ‘ ( m m m c l  t i e ’  t a flue ) r e’ liii i roug h I m mve s  I I p u t  ton to  assess time con-
d i t i o n  of the wall and to recommend appropriate remedial action . It
is fu r t h e r  r .’commended t h a t  t Ime  owners ’ e n g i n e e r  i nves t iga t e  and evaluate
t h e  p o t e n t i a l  damage , t h r o m u g i m  p i p i n g ,  t h a t  may be done by the tree stumps
and root sy s tems men t ioned  i n  3 , 1 . 2  above.  The loose stones on the
tu p st r e ’am f ace  of the  embankment  should  be relaid and the depressions
f i l l e d . A program should he i n i t i a te d  to repair the spalling and deter—
b ra t Ic -t n of t ime ’ concre te  s u r f a c e s  on the sp i l lway and abutment walls.
At t ime  same t ime , the  areas of exposed reinforcing steel should be
r e p ;u l r e e l . The gatehouse and the walkway leading to it are also in need
of r e p a i r .
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SI-:CT I 0N 4

OPERAT IONAL PROCEDURE

4.1 h’roc edeure: Time normal storage pool is at elevation 28.0
which -Is the  crest of the spil lway . When the water elevation is above
28 .0, the w a ter  a u t o ma t i c a l l y  f l o w s  over the  spiliway into Lake Meade.
Whi i ’u m t hue’ 111)0 1 e I e’Ve t I out Is; b e l o w  ti m e ’  up II lw ;uy crest , water can be
t l l s c i t a r g e d  i n t o  Lake Meade by one or both 30—inch pipes running from
the base’ of t ime g a t e  house in  Lake Cohoon to Lake Meade. These 30—inch
i i i  u u - s -~ i c i v , -  mmlii I t i ’  ps i  i i - s t  i t s - s i t  ~‘d at t is’ psi t e’ h ost-me . Time giu to hm ou u se

I s - c  d l v  I c l o t h  l i t  l i e  I I  l i i i — . ‘ s ic hi l i t— h ui e ’ hi  p I pe ’ . U u t t ’  n I d e  of t l i i ’  pci t o Insist’
I s - ;  I h i t - il by .. t p s - i m l u mp o u m i - , t w o , or t lur e ’e  of t u e  2/u — i t t c h m  g ate ’  va l ves.

‘ i i i , ’  i i i  her  ti l i l t ’  I s ;  I I I  l i - t i  h - tv t hue ’  re mova l  of t h e  doub le ’  t im h -te r  s top logs.
l I t . ’  v i  l v i ’ s ;  or dot ib  I . -  t i u t c l m , - r  ‘ ; t n p  logs  are  opened or ri ’nuove ’d to  h e l p
s u p p ly  t h e  w at er  u m e ’e ’ds for t h e  C i t y  of Po r t smou th  d u r i n g  hu i gh water
de’ma t m ds .  The Wate r  Depar tmen t  of Por tsmouth  makes the decision when
and h o w  much wa te r  is to he d i s c h m a r g ’d f rom Lake Cobmoon to Lake ileade.

4 . 2  Ma In t enance  of Darn:  A complete rout ine maintenance program
li sts not been established for the Cohoon Dam, al thou gh periodic main—
t en ;mnee lies occuired . D a i l y  t asks of maintenance such as mowing grass
su t i t i  p r e a s i u m g  va lves  are clone by the Ci ty  of Portsmouth , Depar tment  of
U t i l I t I e s .  Other  ma in tenance , such as repairs to the gate house ,
rc ’mov sm l of t rees or stumps , and repairs to t ime concrete sp illway are
done by c on t r :m c t .

4 .3  Maintenance of Operat ing Faci l i t ies:  The operating facilities
consist of the valves to the pipes through the embankment and the spill—
way .

4 . 4  W s i r n l n g  Sy stems : There is no warning procedure or evacuation
p lan e s t ;u h l i s i m e ’d  by the  owner to f o l l o w  in case of an emergency.

4 . 5  E v a l u a ti o n :  - There Is p resen t ly  a program under consideration
by t ime ’ owner and i m i s  engineer  which w i l l  repa i r  the  gate  house bridge ,
r i s e r  hoetse , and clean the sluice gates to  enhance operat ions.
Time 2 4 — i n c h  gate  valves are in good operat ing condition . An annual
maintenance and inspection program should be initiated to help detect
and control  problems that may occur . The operating procedures are
adequate .
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SECTION 5

1IY DRAI JI ,TC/ IIYD ROLO( 1C DATA

5.1 D~~!,
n: Construction plans from R. Kenneth Weeks, dated

January 21 , 1919.

5 .2  Hy drolog Ic Reco rds: None were available .

5.3 Flood Experience: No records available.

5 ,4 Fioocl h’ot- .’n tfa l :  ‘i’hue P!~fF and 1/2 PMV were routed through
time r e ser v o i r .  Hy d r au l i c  rout ing and data  were furnished by the Corps
of E r m p h t i e ’ t ’r s.

5. 5 Rese ’rvo ir R egu l at lo n : Pe r t i nen t  dam and reservoir data are
•shuowut in T:ub he 1 . I .
i ’l ;l  t t ’r I s  1 :ts - ;m ’< l f r i - t n t  1,ake ’ Cohmoon to Lake Meade d u r i ng  high water demand
per iods .  Two 30—inch p ipelines from a gate house in the Lake Cohoon
run t t m r o u g h the dam to the Lake Meade. Water also flows past the dam
over the sp i l lw ay  In the event water in the Lake Cohoon rises above
ele v a t I o n  28. 0.

Rat ing cu rves were generated by the Corps of Engineers.

5.6  Overt ~ p,pln ,gj’oten tt s i1 :  The probable rise of the reservoir
and o t h e r  per t inent  informat ion on reservoir performance is shown In
Tab le’ 5 .1.

Tab le 5.1 RESERVOIR PERFORMANCE

Normal Rydrograph
Item flow 1/2 PMF PMF (c)

Peak f low c . f . s .
In f l ow  3 20 ,500 41,000
O u t  f l o w  —— 19 ,500 39,700

Ma x l nm uum e ’I t ’v at b on
fee t , m . s , l .  34.5 36.8

Sp {llwav (e levat ion 28)
Depth of f low , feet  (a) 4.5 6.0
V e l o c i t y , f ps (h) 12.0 13.8

Non— i i v , ’r  f I , iw Sect  t int  (e- I e’vation 33)
D e p t h  of flow , feet (a) 1.0 2.3
l ) tm r ;i t Ion , h ours I i  18
Vt ’loe ’I t y , f ps- (b) 5.7 8.7

‘Fzm l lwsm t i’r e l t ’vx i t lon , fe(’ t m . s . i .  12± 19.9± 24±
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a. Cr i t i ca l  depth

b. Ve ’l t i c ’ f l y  at  cr 11  I rz i l d ep t  i m

c . T h e  PM u’  I s  aim c’s U mate of f hooch d i s c har ge ’  t h m a t  may he expec ted from
t l ie ’  mom; t u-3t ’vt ’re ’ comi-t I uma t I on of c r i t i c a l  met eorol ot ic and hydrologic
conch it Iou~ ; t i i s i t  sire ’ r i-: u stcutsihie pouR 11 ) 11- In  time r egion.

5 .7  Reservoir  Empty ing Po ten t i a l :  Two 24—inch gate valves in the
gate house with one at  e l e v a t i o n  21.0 and ano ther  at elevation 1.0 are
a v : t I i : u b l e ’  for  d e w a t e rin g  the  r e s e r v o i r .  Time valves w i l l  permit  w i t h —
ci r : tw si  I of alm o st  21 ( 1 C .  f .s. wI tIm the reservoir level at tI m e crest of the
sp l l l w : ty  end e s s e n t i a l l y dewater  the reservoir in about 28 days . With

lit ’ i i c i wit~~t r eam r es er v o i r , Lake’ Meade, a t  the norma l water elevation
(1:’ .0) • I,:ike Co ltimem u m (‘ci i i  s u m iv  be I uwere ’el to I Ii(’ Haunt ’ e’ I t ’Vflt i o n .

. H I - v s i l t e l l  i ou : Corp s gu i  ide l i ne ’s l u t t i  i i ’~~tt ’ t I m e ’  ;u p p r o p r i a t c ’
S um I I  h w . i y  I ) , - , ;  I gui I ’ I  emi m el (Sl)I-’) for an I i t t  t ’ru n , ’ e h  l e t  e si  zi’ :itmd si  p u t t  f i t - m i t
h t ; u z s i r t h  clam is 1/2 I’MF to l ’MF . hiccause ’ of t h e  r isk involved , the PMF
has been selected as the SDF. The spiliway will pass 26 percent of
t ime PMF . The SDF will overtop the dam by a maximum of 2.3 feet with
a cri tical velocity of 8.7 fps and remain above the top of the dam
about 18 hours .

5—2



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

-
~~~~ - -

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

SECTION 6

Sl’R I IC ’h’ IlR A L STABT I ,TTY

h . 1 Foutum e la  t Ion and A b u t  n ten t s  : The dam Is cons t ruc ted on a Lb in
l ay er  of a l l u v i a l  so i l s  whi ch Is unde r l a in  by Yorktown deposi ts .  The
e’en m e ’ r i ’ t e ’  core  w e l l , loca te d  in  t he center  of the dam extends from I
i , m , m t  i i . ’ I ~~ i i ,~ ( c m l )  ,mi i i i ’  dcuuui I t ,  t h u . ’  uu u : i  i’ I I lute ’ stitch i t ,  I i m t i u te i , ’ d  l i t  t l ie ’
Ye rkt tmw um F o r m a t  Ion .  There was no obvious m i s a l ig n m en t  in the abutment
wa lls :tI thouglm some’ signs of spa l ling and seepage were detected . No
it iit i t nu ,’um t (hr;m i n s  we’re ’ noted thur I ng time inspec t ion

S t a b i l i t y  c a l c u l at ions were perform ed by Schmnabel Engineering Associates
in l°78, using a combination of tests and assumed soil parameters. The
re’stil t s of t h e ’  s t a h l  1 1 ty anal vues  art ’ r ep orte ’d in Sec t Ion 2.

6.? Embankmnt’nt: The soil for the ear th  embankment was p laced i n
(i to 8 l i m e - l i  h : u v . - r ms  tu tu r i m l  1 ,-t i h i i ’ t w e ’ t ’n  l eve r s .  T t  Is not known w li e tht e ’r
t b - u n ;  Ii v Ic-t hu I t- e’uuie um t s were  ~‘ 

I e e c - t i  on time ’  em hs i i mkmen t mat c’r h a l  . ‘l’he dow n—
s - m t r e - ; u n m  s - s - I  ope ’ I s  2 ( 1 1) :  1( V )  and ti me ’  up s t  re-am s lope  is 2. 5( 11) : 1 (V)
St one ’ r I p r ap  hma s  l -ti ’e ’n p l a c e d  on t ime u p s t r e a m  s lope and I t  shows s igns
~f el i - i  c’  r I i i  r;u t I i-tn whui’re St imni ’s hm .tve h ’e-ome d i s l o d g e d .  A n eumb er (if trees

h u : i v , ’  h o - i - u t  i - t i t  ou t  l i i i ’  i i i w t t s - s - t  r i - s t u n  s h i m ’ i i i  t in ’ dam to t h e ’  l e ’ f t  of tin’
sp I I  h w a v  smu ti l  see ’psip,e is not Ie’eahl e on t ime ’  up I l lway wal l  at t h i s  I oca—
t i on ,  The c o m b i n a t i o n  of th ese two I tems make the s t ab i l i ty  of the
emhankm ent  q u e s t i o n ab l e , at least  In th i s  area. In addit ion , the repor t
f rom Law Eng inee r ing  i n d i c a t e s  tha t  the core wall  may not be funct ioning
prop e ’r lv (se’c P l a t e  7 , A p p en d i x  1.) Time readings from the observation
we-lIs sms shown on this drawing indicate that the water elevation on
ei ther side of time core wall is approximately the same.

6.2.1 Design Stabilit y : The dam is located in Seismic Zone 1.
Ac’t iv itv in th is area ~s low and the possibility of damage due to an
eartimnuake is considered to he negligible.

6.3 Eva luation: Visual observations leave some questions re-
gard ing time overall stabilIty of the dam . The tree stumps , seepage
and c l o t i d v  w at er  a t  t ime  downs t r eam s ide  of the embankment , to tim e
1 e ’f t  o f t lie’ spl i iwsiv , I c i v e’ sotmit ’ e feniht r -m’,ard tng the stabilit y of the
i ’mh ;mum k mmmi-tm t . ‘ h ’ hm i s nr e ’a  s i m i i u t l d  he moni to red  r e g u l a r l y  to de tec t  f u r t h e r
d c - t e - r i o r a t Ion . T n s t u f f h c h i ’ n t  st r e n g t h  d a t a  was a v a i l a b l e  to a n a ly t i c —
s u l l y  i ’ve 1 u t s u  t e’ t ime ’  st rute ’ t etra I St sib il l t v of thm e dam , howeve r , time h igh
w at e -r  ic ’v e ’ l on e i t h e r s ide ’  of the core’ w a l l  indica tes  cause for  con—
e’ e ’ r um . ‘ h u e ’  w s u t e - r  l ev e l  in  time t i - s t  w e l l s  should  be nmoni tor ed  r e g u l a r l y
to Se’.’ If this condition persists. Should the condition remain , i t is
recommended that the owner , a t his own expense, secure the services of
a professional engineer to conduct fu r ther  investigations of the core
wall and embankment to more accurately ascertain the dams stability.
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S I C T I O N  7

AS SE SSMENT AND R EI’~EflJAT .  MEASURES/RECOMMENDATIONS

*7~ 1 Cen e ’r si l Ce -m n d i t l o u m : From a geotecimnical standpoint , time dam —

appears to he f u n c t i o n i n g  w e l l , w i t h  time except ion of the observed see-
page a l o n g  the ’ l i - f t  a b u t m e n t  and the c l o u dy  n a t u r e  of the wate r  d own—
s t r i ’ s i nm , i f  ohue ’ rvst t I sum we’ll It— I sis dI sc ’ u t s se ’d i n  Sect ion 3. In add I t ion ,
w~i t er I c- v t ’ I re -s u t i lumps ohtsi l u t e - t i  d u r i n g  t i m e ’  I umspect ion m d  icate time core
wall Is an p s mr e ’n t l v  not functioning properl y.

*‘I’l t u  t i v t i  I l s t l b h ( ’  g u ’ i i t e ’ e ’ l t t m I c s u l e n g i n e e r I n g  d a t  a i s  con sIde ’r e ’d  to he I n —
t t u h c ’ ~~t m s i  I i ’ i t t  sem n m e ’ a r e - t t ~; , pr I mn -u r I i  v 1mm r i -psi  ret t o  soi l  s t r en g t  hi. Assumed
lie r e um u e ’t  u - r u , fo r  St r sm t turn Al  , B ti mid C, hi s t ve ’  bc-c -n  ums e d in t i m e  s t a b  111 tv
e ’ : i l c u  let l o u i s  In rc’garch to s t r v r m g t i m  . ‘l Ime c s - m t t nt-i ted sin cl  t e s t e d  s t re ’np th
psi r stu sm e t i - ru  sup pe ’ ;t r  r e ’ s t s t i m m s i b  le base-el mupon p r ey  loss exper  I one-c w i t h  s I m i—
her sell type’s and empirical correlations with standard pene tra t ion
tests. However , estimated values are not considered adequate for dam
stiuthi c ’ s , e ’u p e c l : i l l y  In light of the calculated safety factors being the
m l um i rn u um i m a c cep t e d  values for certain l oading condi t ions,  Second ly, the
s t a b i l I t y  calculations we-re based upon the core wall functioning properly
which may no t  have been t h e  case at time t ime  of the inspec t ion .

‘l’lme vI’aism l Inspection Indicated the need for  an upgraded m a i n t e n a n c e  pr o—
g r s i u u m . h u e ’  tl e ’t .‘r lor sut ion of time concrete and reinforcing steel in t h e
s - s  p I I I w :u v tu tu subs t n i - t m  t s u h u o i i  i t l  he c-or ret ’ t eel to p reven t  f u r t h e r  d ;m msm ge  and
l i i i -  v e-g.’ t - ut i e mmm i m m u  t h e ’  e - m i m i i t u t m h < m n i - u m t  s i m o i t i d  he’ c u t  r e ’g u l a r i y  to p r ev eu t t  t h e ’
g r o w t ) m  of large ’  t r e -es  stud hushes  w hi c im can cause damage to the dam.  The
ex t e n t  of t i m e  dsmma ge caused b y the t rees on the lower side of time embank—
me ’nt to the  l e f t  of t i te spillway is d i f f i c u l t  to evaluate  now and there—
fore’ simoculd he monitored r e g u l a r l y  to detec t any changes or increased
se e’p ;mge- . In addition , time water levels observed in the test wells on
eIther side of the core wall seriously question Its stability.

Time sp iliwa y for the dam will pass 26°/ of the Spiliway Design Flood
(PMF) w i thout overtopping the dam. The PMP will overtop the dam by 2.3
f e e t  sit  a v e l o c i t y  of 8 .7  f ee t  per second . Since the spIllway will not
pass 1/2 of the SDF , the dent is assessed as “unsafe—non—emergency ” in
accordance wi th  g u i d e l i n e s  presented by the Corps of Eng ineers .

Th m e c l a s s i f i c a t i o n  of “u n s a f e ” applied to a dam because of a seriously
Inadequma te spillwav is not meant  to connote  the  same degree of emer—
gcncv as wotmid be associated with an “unsafe” c l a s s i f i c a t ion app lied
for s-i utr u ct imr ;m i deficienc y . It does mean , h mowever , tha t based on an
Inl t i s u i  ue’re-e’ um lng, tmnd p r e l i m i n a r y  c o mpu t a t i o n s , there  appears to he a
5cr l i m i t s de’ f Ic Ie ’ne ’v In up 11 lwav capacity so timat if a severe storm we’re
to occ’uir , ove’rtopplng and fsmiltmr e of the dam would take place, signifi—
e’cint lv imm cresis ing time’ hazard to loss of life downstream front the dam ,

7—1
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/ . ! R i ’( ’ i i n i t l t i ’ t t e l i ’ , l  H e ’ i m t u - t l  i t t  I M i ’ s u s u t r e ’ m u  : It  I s re( omuui ’nd ( ’d t h a t  t h e
cmw uui ’r , c c v , ’ r  t h u u’ t t e ’ X t  6 m o u t i h t s , m o n i t o r , on it rc -gtml nr bsusls , time’ water
,‘ h u ’ v s i t l u c i u s - ;  out e l i  i u i ’ r  s id i ’  of t lii ’ t ’ore w a l l .  If  t i t i ’  wsiU-r leve i on the

u i - tut u s- i I d ’ ’  eu t i m e ’ vii i i r e - n e  I its - -i s i t ir u m c - .i r t i m e ’  i i . ’ Igl mt sli, wtt i um i’iitte .s-
7 , Appe -um el  i x  I , t i me ’  owne r s i mo t mi  ci secure t i m e -  se’ rv 1cc-s of a reg 1st e’ re’d
p r o f e ’u u l e m ;t l  e’ngtne’er to pe’rform a detailed Inspection and stability
anti lvs ; Is - s out time ’ elsim. Ut’ u lm un ild else) e’val sa te  time- poti’ntial that the
t r e e ’ s t t m t m u p u  located a l o n g  t h e  dam imsive ’ for  c r e a t i n g  h i g h  seepage gra—
die ’nt s  and subsidence upon decay . The owner should immediately take
action to prevent further deterioration of the concrete surfaces and
re inforc ing  steel. A regular maintenance and inspection program should
he initiated to help detect and control problems that may occur and a
warning system should be established for the dam.
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C .  C,E OTLCIP- ~ CA!.

I . I u t  ! 0~i ~ I C  ~ ( 4 5 1

o u r  ut ’opv of ro r v i - - ~~ for t h i- 1 ske C~-ihoon Dam
)~~ I t t i l - 1 i I - I I I  • ) ) )  4 ‘ O i l  , 1 - -v j W (,1 ( X I t i I 59

t i c  - I I — I) c_ I — i  I - , (I~ - 1~~ 1 1 t i  - II It I 1( 11 ii , I1)) C., I c -V i  - II

I e I ti~~ i I ~ i I I 1 or-u I or y to I i ug , an d
I i c 1  I i ’ )  i l l _ I  I _~ ;i ~~, I ’ I i c  ( l - t ) t c !~ I l i 4 ’ 5 1  ) ) ~~ I ) c c r j l — SçJ

- I 4 - ’ i I ) c l - d - ‘ ~~~i H~~. c t  i i , ) )  c~ i c $ I ~~~~c i - 5 i I ~~i I ,
- S II- , - - I 1 - t i i i i  — t () I , t - I t III’ , (j - 4 )  1 0) -

and r e l a L c _ ’d d c o t~;n Cold to develop the f o l l o w i ng :

a. Estimated subuoii profiles and ground—
water levels f o r  Cuhoon Dam

b. Evaluation of Cahoort Dam embankment material
proj-i -r u es.

C.’ - 1 - 1 1 )  i 1 i t y 1 I I -  1 yu  i s of Cahoon Dam for nsaxi—
0)1515 cOO I o ~td C.) I 1i - r or i tiC.i 1 002-Id I t ios is  developed
d u r i n g  t h e  s t u d y

C. Re po r t  on ~ indinqs concerning the condi t ion
of t h -  Cahoon D arn  w i  Ih r e spec t  to geotech-nical
eng i n e e r i n g  c o n d i t ion s,

Th 1 ;  ucope of w o r k  c or r - s j c o n i l : ;  to t h e  U .  S. A r m y
Corps  of E n g i nee rs  P h i o c  I onci  Phase  I I  S t u d i e s
out l ined in  “R ecommended G u i de l ines  f o r  Sa f e t y
In s pe e L ion  of Dam ” with respec t  to c jeo techn ica l
e n g i nee r ing .

The i j c _ n c ra l  lay o u t  of the dam and sp iliway obtained
f roni the  (105 i g n  (1 r o w in g s  is i sic luded  in  Drawing
El included in AOpL-OCiIX F. The i n i t i a l  i n s pec t i o n
p: ase included development of the reg ional geology
f o r  t ue s i t e  ar i d  r e vie w  of the  e x i s t i n g  design
d raw i ng s .  Th is  r e v i e w  was followed by a visual
i n spec t i on  of the  darn.

2 — r I i ~ 5 4  1 ~; I

o. C- i c t . i i  I u fo r IR -it i o u

T he  L i k e  C. _ - iu rn  is~~ l i i  (-~s r t f l en -r i b a nk m e n t  d s m
located on Ca h o a n  Creek  a b o u t  600  f t  west of Nor th
P i t c h  K e t t le Read in S u f f o l k , V i r g i n i a .  The dam

— 9 —
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c i i ! ’ ,’ 4 ’~~I I - t  1 t 1 t I i i i  s i n c i j i  I~~~1, -’ t~ 11  21)

2:1 4 ) . 1 ) 1 )  - , .- , — I) — 1 J ( ’ _ ::; i. I c ( t h iS i- : 1 1 — 1 ~) - h Il l
i a u : - c _  - c _ h  t - 1- 1 -~ ~ 

j
~ ~ 4 w i t l i  - R i d l  t 10: 01 d w i  : 1  tr e an s

I Ff lO - c i n : i l  poo l i t -Vi l is Li 28 : : i  l a k e  C i i i o on
, i t i d 1:1  1 -

- in  I i  - -l -~ c c l -  - - c I  t~ ! i c  - c _ l i  > w n r ;  I ri .111 ) : 1  loJ)e — The
d ow n s t  I t - l U L  t o e  w e ;  1 ! o u i c d w i ( i ~ c o : i u t  roo t io n  of Lake
Me~t c ~h e i i i  1)5’) - A co5Cic_ t c _~ c u t o f f  w a l l  e xi s tS
i c _ - I l - i t h  t h e  c o t - C e : -  of the s t r u c t u r e .  The main

of  t h - -  d in, i~~ . I 1 I c l O Xi I i I- 1 I - 1y  780  I i  i i i

I c - i c c j t  I~ w i  Ii m i x  I c u r l  h c -  o j i t t  o l  a l - o i l  3-1 11 I t i , i : t

t h~~- I c _ I I  l I l e l  I) -C o t C 111 ) OII  ( ‘ F e  to t h e  to!) 0! I_he
~h i tn . T h i  - I l l - i : - :  i n h i l l i l  w a t e r  d ep t h  at normi l 1)001 15

i F c I c I c _ c X t I i I a ( c ly  2 ’) I I .  T h e  j i r i t i c i p i l  : ii c i l lw ay  is
b c - s t  - -C adjacent to the n o r t h - i  abutment as shown
on Drawing  F l .  Two low head embankments  extend
to the nor t h  of t i~ no r th  abu tment  w i t h  lengths
of a bout  180 and 635 ft.

b. Ec _ - j i ona1 C c _ - o i o~~y

A (pO1C )Ci05l stud y w~is m ude of  th e  i n s r n _ - dj  a t c _ -  area
i i i  o rd er  to det e r m i n e  the t y r ) i - of so i l s  w h i c h
t t n d- r I  v t i i i ’ d~ rn - 

, ud wi - ic ’  t 11 -5 — or n ot: i ny  f a i s  i t s  arc
- • - . Tb I 1 I I  id y ~~~~~ p - u -  I ‘ ritied by rev i ow i 21~j

i - . -ad i i  y ova i bo b b e  q eoioc; ic I I b r a  t u re

The dam is loca ted  in the  Coa stal  P la in phys iog raph ic
province and is underlain by the Yorktown Formation
of Miocene geologic age. Ti-ic Yorktown consis ts
gen e r a ll y of preconsol idated marine sand , c lay
and b roken  ~ 1u t - I i  m at e r ia l .  West  of the Nansemond
R i v er  t s e  u p p e r  5 to 10 f t  of the York town  F orrn a—
t ~0fl j usuall y oran qc to yellow in color before

r i g  i iito it:; charicterist i c gray to green color.
Sn r r o u t -sd i s ig  h i  11 t c .g 01 1 1 1  t I :  - i wiu ’d i , i  t 0 dam .t F — I  a r- -
usu t 1 1 y c a p ~) ed w i Ui I I-u -- S~ h i  t ’y Form ,i  t iOI) of Pb iOccflC
cj eo l o -j  i C age . ‘I’lie Sec_ I icy is composed of fine san d
and s i l t y  sand w i  t h i  t h i n  ] a v e i -s of s i l t y  clay. This
f o r mat i o n  a v e ra g es  a bo u t  10 f t  in  t h i ckness  and was
not  encountered  in  the test bor ings .

The dam i s  located in  an a rea  wh e r e  the  probability
of sel Wi o act t V i  by i low d i i  iS ~-xpc_ -ctcd to cause
o n l y  m i s i o r  dam a g e .  b 1 - - c i f i cl t ly  the darn is located
i n  a Zone 1 s e L s n : i c  a L ~c_ - I  as d e f i n e d  by the U .  S.
Army Corps of Esi-jineers.

_ _ _ _ _ _
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C - R e v i c _ -W oi~~~\ v t i i d b - l L -  I ) - - : ;  i gn  h a l t

Foe do sign d r~~- - i : : r  :; rc_ ’ 1 at ed to emb. in  knien t and
: ; j c i  llwa y cosi: ;truct l o l l  w - - r e  p r ov i ded  f o r  review.
These drawings titled “Core Wall” , “Cross Sections”
and ‘Section of Su i l l w a y ” a r e  dated June  26 , 1912 ,
J u l y  12 , 191 ? ui-I J u l y  1 , 1912 , resr-- ctively.
W ’ —  t i i u h . - t  s l c i c — I  I I~ h iiti w i : ; i o i c : : I  i t u e l i - c I  - ; h u c u  I I ’,’

i i  t i - i  ( h i t - t h a t t - : ;  01 l i i i - d r a w i t c g s  t ie  h iv ,- p
~

-
~-~
—

pa rc -i l  hot Ii l oiig i t i u i h i  n - i l ~lui (I I ransvt -rsc- cross
a -c t_ b - I c  : ol I In — I - i i : t  I - ) III I _ l i e :  ;t  - p 1 in i; - i sid t hc_ -

a s  e t I e s  i -p i a t e d  D r a w i n g : ;  I- ’? , F 3 , and 1- -1 —

f l i t  c h ins t ’c_ n w ;  st  ~; of  a n  t O r t  h i t t i  em b a n k m e n t  and  ( ‘o l l cr c - t C
c i t  off wa I l  — i i  p l an : :  i u u d  o - i t : o  t h e  s o i l  w e ;
i n  t i  to h m d i  liyi-r ~ ~iuid ro I led , al Lhsou h no density
r - -~~u i r e n f t -nt  is i n d i c a t e d .  Side slopes are 2 hori-
z o n t a l  to 1 v e r t i ca l d o w n s t r e a m  and 2 . 5  h o r i z o n t a l

I v - r  t i ca l  ii~ o; t I - - oIl -s . An i s i i  t ia l  c res t  w i d t h  of
38 ‘ t, ” was p l a n s  -d a t  1-: 1. 20 - The norma l 1)001 level

~~i a nt i ed  a t  1:1 15 and  the  ups t r eam siope was
r i  p r i l g i e d  f r o st  lIsc _ t o e  t o  t u e  to !) of I_ h e  Ca in .  R ip r ap

i i i -  I i  ‘~~i I t -d I - - - ~~- i t : ;  i I o l  i n i ncI~ 1 I 1 t - - r - I - iy e  i— 
~uid

1 ? i nchi : ; Los ic : U s  lace course - Three underdra i n s ,
1 8 un - l i - -: ; s i u t l e  i i i  st-c t ion , ext t ’ u - s d  f r o m  t h e  base  of

- ‘ , u t t i  1 1- w i 1 1 c I t  - : - ‘ i i - -  c _ I  I u - l ow I i t ii - - I ot 1. t In - c _ h - sit —

A 0~ i r i c h  i i  i i r n e t o r  (I i so l i ar g e  1 - ipe and 30 i nch d i a m e t e r
h i  ow o f f  p.i po a io .- i n d i c a  ted to r u n  f r o m  the ga te
house to the down s t r e am  f a c e  under  the darn along
t he  s o u t h  a b u t m e n t .  Both  pipes are suppor ted  on
spr ea d f o o t in g s spaced at  a bout  10 f t  on center and
a p p c _  ar  f r o m  the  o r i g i n a l  d r a w i n g s  to he encased in
concrete . F o o t i n gs  a re  said ica  ted to be suppor ted
i n  th e  “ m a r l ”  designated Stratum C in this report.
Th~ -: u -  ~~ i c -S a l so  a p pea r  to  b c _ -  p rov ided  w i t h  concrete
: ; - - ‘ - f ) 11 lc: co l l a r:;  ~ 1 iced it  a b o u t  30 f t  Ofl cen t e r .
D o t  h i p i1n-: ; were d - : ;  ig s:ed to ox te l-Id a l)out  40  f t  down-
s t r ea m  f r o m  the  toe of the o r i g i n a l  dan-s to al low
f o r  r a i s i n g  the  Cans . The d raw i n g s  i n d i c a t e  the pipes
were  l a i d  ht -iow t he  orig i n a l  ground  s u r f a c e  wi th
i n v e r t  a l  abou t  - 1. 0 .

T I i t -  0( 11 : - I - -  -:~ j 
- ~- a J  I i : ndjcated to be ) i ) O U t

1 — ~ f t  a i 1-: - ‘  
- t he  1 00 - .1 aLcott t 2. 0 ft thick a t

loot i i i i ~ l eve l - l ie  Lop  c_~~~~~ the wall ex L t -nded to El
1) wi. th ~ r~~v ~ en ~or ac _~~i i t i o n a 1  e x t e n s i o n  of the
wa ll st t i c - i m i  L~ c d a rn  w e ;  to be r a i s e d .  T h e  wal l
f o ot  i ::~~ i: ; :uh ~~c . i  b c _ - C  to ex~~end to t h e  “ m a r l ”  soils
of hI - r i t tu: : C. ‘ - w i ll ‘~)ri c) )uull v -xtencled to
I- lie 1101- i :- i~~i ( a l  1 :11 I s  : h o w i t  e s i  o r  ~w i n g  Fl and
r e i n f o r c i ng  st l i  was allowed to p r o j e c t  for  the
p l a n ne d  l a ter expa ns ion  of  the dam both hor izonta lly
and v e r t i c a l l y .

— 11—
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The : ;~~c i i  I way fo u n d s tions a re  i ndjra Lc_ :d to p -nc-trate
to I_ Iso marl soils of Stratum C. The crest of the
on g iii.il sp i 1 lw~ty was at i-a 15. ‘ilie 1912 plans
i n~I i cat i ’ tI n -  ::p i I I~-;.uy to bc r u  i ~~t ’ii  t o  El 28 ~u t  a
L u t e s  t l i t ~~- . 1)e I i i  h - c _ h c _ I i s cu : ; : ; i on  of (lie sp i l iw ay
is cosittitit- d in  t ue  Civil—hydrology port ion of
t h i s  r c _ - p o r t .

t ) - - : ; i — I u i  i i i  oi\- i i c - u : ;  t i - i t t - c _ I  , L i i i i u i i  y 21 , J I l t )  i t t i h i t - s t e  t h e
d -t~ i is ~~~~

- - h a  i Fec i b r  i-I I S i flg I he Cant as con templa ted
on I iso I ’ l l  2 dr a w  i sit ;: ; - The c_ I rawinqs used in t h i s
(‘V i l u t t i o n  j un-I ticb- d Dr~s w t  t nj  A—i , “ P l an  and Profile
0 1 V a n s ” , !)rawitiq A— 2 , “ D -  b a i l : ;  of Core W a l l
and  E m b a n k m e n t ”  an d D r a w i n g  A — 3 , “ D e t a i l s  of Wing
W a l l s ” .

The c _ - t u i ) 1 t i k t u i _ - s s  I was  so i : ; c _ -d to F l3 3  by adding -sdd i t iona 1
: ; c l j  I : ;  t o  the to !)  i n t l  ilow t e;t r i-tm ::looc - . The or i-_ j i nal

t i l t  S l o l l - -S W 1~ F0 m i  I sit a j i l t il a c c _ i  I _ i t o  cri- :; t ‘~-J i ( 1( 11 W a S
reduced tO 1.2 ft. rn t h e  vicinit y of the sp i li w a y ,
t h e  o r i g i n a l  e m b a n k m e n t  n a rrowed to 15 f t  in w i d t h
as the spi 1 iw ay  was approached on bo th  sides . In
th - - :;e trats :;itioti area:;, I Ii - - new embankment also
ex t  - -nds  1 eyond 1_ Lu - or ig inal uj -stream slope a S W( ~1 ]~
a:; b -_ -vond I_ lie dowis:.; I. re itu :; I op - . ‘Ilie t l iree  undo  r d ra  ins
are  a l so  j . n c _ I i c~i t &  h to h - c  x t - s i d c ’ d  to t h e  l o w t i s t r - t rn
t o  - of  tin - 111 w d un.  Ti n - 1 - t i - s a l  e x t en t  of t h e  da m

a I So t s c x - u : ; - . - c _ I , - - : :j  t O l  a !  I y to the  north of the
:;p illway a:; i 1li i: ;t r a t_ -d on Dr~swing 1-1 .

The core w a l l  L; i n d i c a ted  to be ex tended  l a t e r a l l y
i n t o  the a b ut m en t s  and  v e r t i c a l ly to El 32 .  The core
wall is indicated to extend to Station 6+00 south of
the spil iway an d to S tat i o n  2+00 no r th .  The sp il iway,
ri prap on the upstream slope and gate house were
raised to accommodate the new pool elevation , El 28.

d Fiel~ itcspect~ ion

( 1 )  - S i l t  I i - r e : - i t and Slope St a b i l it y

TI i i  - — ( I l l  c a t  ik  t :  - i i  C : I 5 - t i — I i  - : ;  1o~ k ’:; Wc ‘ re I i i :  ~i n — c  Led
i t s  Au - j l u : ;  1 1 1 7 ~ — Nc - 1 a- - 

- t cC : ; e t  t It 9ni - U I , dep 5 — ~~- ; ; _- ;  l OilS
01 : ;  i i i ! - :  hal -:; ~

-. - s - si t  - t i - c l - - I I h - i t s  I i  soi l- - i u t i d u  I a I _ i  ( f l u

0 1 t h e  t i o w i t : ;  s i - . i ; : : : u I  I c i sI_ s . Those usudul -utions
i re  t h e  r - - s i c ~ I o~ differ ential set t l e ;sent  of the

em b a n k m e n t  :- ;O i is becauSe  of v ar i a t i o n s  in  the
c om pr e s s i b i l it y  of the  f o u n d a t i o n  so i ls .  r h - ic _~ only
maj o r  v ar iat i oa  i n  the surface occurs a long  the
d o w n s t r eam toe w : iere  a p ath  has been developed by
f i s h e r m a n .  No s u r fac e  cracks  were evident  which
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would  indicate immediate stability problems. However ,
S i  flCC a design stability analysis was not ava i lab le
L ot -  rev i ow , WO I - -cot :insend ctl an evaluation of the dam ’ s
stability be inc luded in th is  study .  The results
of the a n a l y s i s  are included in Section 3 of the
report , th e Pha:;c I I  S t u d y .

( 2 )  - Scep~~ ;e

t i c )  1 5 ’  - - -
~~~

1-  w i :; c I - s ~ - u v c -d t i ~~ l i i - d o w u i  : 1  1 c - - I t u i  s u i t f aci’
( I L  t c i t  - c _ c  I t Is - - c _ i  s i t s  t - i I _ I  to i~ Ii.) I i  to si t ~ s I _ I t  ta i Sc) UI _ It C~) !

I_ lic _’ sp i I iway -

( 3 )  — b s , i i : i ~i - ; - - Sy : ; t  i - t n t

S in ce t h i s  d am ha:; a cu to f f  w~~ll , set -p sgc f r o m  the
u p s t r - -lsa Lake  Crthoon to t l i - - d o w n s t rea m  toe would be

-c I- -U to be m i n i ma l . The or i gi na  1 des i c_ ; n o r  d id ,
however , p rovide  t h re e  u n d e r c_ I r a i n s  fr o m  the  c u t o f f
w~s i i  to t h e  toe and  t I i e s i -  were  e x ten d e d  wi - ic -n t h e
dam wa s ra i seC - TI uc- y isa ye sub:; C c _ JU O I 1  t ly b c _ - c _ -n subusie r- i cc _ I
b c y  Lake  N eade a u d  presently Provide no u s e f u l  f u n c ti o n
except in the case where  Lake Mcadc is lowered below
El 0.

( 4 )  - Slope Pr o tect i o n  
-

Thc- t - n t b a n k s n -  u - s t  w a ;  observed for wave al-Id surface
rtt r snll i-ros ion. No s i -jo r  c l oS l Oll  1a~ob lenis w c - r e
c lo t  ect .t- c _ h _  T h e  c_ -: :cl a rikn - -sit apI-ears well mai ntained
a nid c_ Son I i n it i s : : t i  in I -n a  n ice  w i l l  p r e v e n t  f u t u r e
ero s i o n  p r ob l e tn a . Riprap on the u p s t r e a m  surface
c _ i P P c~ 0FS iii e x o L il en t  cond i t ion  south of the sp i l iway .
hlew -ver , sout-.h —DI the spillway, u n d e r b r u s h  and  up
t o 6- i nc h  di a m L ter  t rees  have  been a l lowed to grow
re si .u l t in cj in  d i s pl a co m en t  of some of the surface
p r o t c_ -ct i on .

The shor t  c: b - c _ a ’  ca nt  section to the north of the
spil lway s i - ic -  - b. cieaned of underbrush and trees
and t u e  s~~op- : -_ :L e e t i o n  should be replaced.

3. 1-n ase  II

— Sul  t a o  Cot d L L u  0115

I c  a; I N-c a-i t i c _ p s  I i— h th in -ou ght 11—4 were t h r i l l e d  a long  the
cr - - : ;t  of t i -se dam and 13—5 t h r o ugh  13—7 along the down—
:; t. i - -~ iuui I. o - of t i - s c - sI ru’ Lure . Water obsc-rva tion
wel 0 :; W c - r c ~ in : ; t a l l - - c _ I  in  test b o r i ngs  13— 3 arid 13—4
to a l lo w  c on tinu e d  m o n i t o r i ng  of the water level

L 

t h roug h the dam.  B u l k  samples and undisturbed
soil samp les wer e obtained from test borings B—i
throucjh 13—4 to evaluate material properties.

~ 
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- I - :  ; I I -  - t i i ;  - - - - -- - - i - c i i  i I 1 . - c l h i ’,’ A ’,’ - t :: - i t - I

- s ~ , i t  so — , l( i c _ I  a .  s ~ l , Vi t g i t s  ta  , a I t c h  1. O ( J y c . -~ I Icy

o u r  1 c c  - r : ; o t t n U ?  I .  h u e  I - -st b o r i ng  loc;s are included
i t s  A pp c-uud ix I iii d d ali a r- - projec ted on the dam

I nuns it - s - -I ti c _ i c - U  on Drawing 1-’2 , 1-’3 and F4 in-
cluded in App e n d i x  F.  Based on the test borings,
the following qc:: -ralized soil strata underlie
th e si te  to the  dep t h s  ind ica ted:

Strat u m  A: From the ground  Brown to g ray  f i n e  to
surface to depths of 14 coarse silty to c ] a y c _ -y
to 39 f t  : ; a u i d  , I - ; M I I A N I ; M I - ;N T  I- ’ I LI . (

( S M )  , t race  o rg a ni c
matter and gravel , with
shell fracjrnents; very
loose to firm (N=2 to ~~)

Stratum A1: Interbedded with Brown to gray fine to - -

Stratum A to depths of 4 to med i um silty clayey s i t i d
20 ft , maximum penetration (SC) asiC :;iI. Ly clay (Cl.) ,

1-:MUAI-J KM [-:N~f 1-’ .! LL , t i  i c i  -

o rga ni c  m a t t e r , gr a v c-1
and shel l  f r a g m e n ts ;
s oft  to very  s t i f f  co n s—
sistency (N = to 25 )

S t r a tum B: Below S t ra tum A Brown , gray  to g r e e n  t o

to depths of 20 to 39.5 ft to coarse SAND ( SM ) , t r a ~~e
silt, organic matter c_ ucu
gravel , and fine c1aye~-’

- SAN!) (SC), trace g rav e l ;
loose to firm (N = 4  to 16)

Stratum C: Below Stratum A Gray to green f i n e  to
and/oi-  13 to d e p t h s  of 2 0 . 5  coarse c l aycy  to s i l t y
to 5 5.5  •f t , maximum pene— clayey SAN!) ( SC)  , f i n ”
t rat i on  s a n d y  CL A Y H Y  SILT (~ 1L)

and S I I.I’Y CLAY ( C L )  , : : -  i t n%c-
f i n e  sand w i t h  she l l  frag-
ments; stiff to hard
consistency (N = 7 to 57)

‘rite N - - c t h of I e;oil varied from 1 to 3 inches as
indicated on t he  boring logs. N—values indicate the
low a s i c _ i  h i g h  Standard P e n e t r a t i o n  Test resistance:;
es i con in t er ed  i n  a ~- a n - t i cu l a r  layer  as d e t e r m i ned  f r o m
I l ie  t i u t n h c c - r  o I o l  ow~ i c — g i t  i r -  - 1  to Jr i via a 2 inc —h 0 _ I ) .
1— 3/ 11 “ 1 . I ) - 5 1Ut I )  I i  no ~ i -Qon o t t o foot us inq a 140 pound
ii. uuium

~ ~
r f a l l  t u g  30 inch -: ; . Tlsis  to :; I is conducted

after se at i n g  t h e  samp ler s i x  inches in the bottom
of the hole according to ASTM D—1 586 .

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TI-se soils of Stratum A and A 1 represent fill materials
of t he  c a  u - t h en  cmban ’~:mc _ -n t  . Stratus -s-s 13 includes the
r i - c at - s i t  i~ c t c  log  i C age  (h op e s  I Is of Cah oots  C r c - c _ - k .  The
so i l s  u t  S t r a t u m  C a rc -  p a r t  of the Yorktown Formation
of Miocene Age. The a b u t m e n t s  of the dam probably
consist of Seciley Formation soils. These soils
were not  encountered in the t est borings.

b. Soil L a b o r a t o r y  Tes t i ng

I~1 VU u u i d  i~ L urbec_ 1 t ube  :; sni :) I c a : ;  , five bulk samp les
and n u m e r o u s  jar 5.  imp I es ~- c _ ’ re- tes ted a s-sd data  is
J)r ~~sent( ’d in I he Su sunu -u r y  ci Soil Labora tory Tests
i ric i tided i n  A 1 c p c -nd  i x 11. So i 1 c lassi  f i cat i o n  is by
t I ~~’ t i i i i I  i t c h  S y s t t - i i u , A S i ~-1 N -— _ -U1 7 .

( 1)  — 5-1 n - i l  tim A — 1- ’ i t : -  - to r-i c_ ’d L u m  a ri d F ine
~~~~~o s n d ( - ’ S i l t or C~~ ycy sTf,~
Tr a ce F ine  Grave l, witli Shell Frag tuen t s  (E m b a n k m e n t )

Tu e soi ls  of t h i s  s t r a t u m  ar e  variable with f i n e s
cotda’nt rautcjing from 15. 7 to 37 .5  pe rcen t .  N a t u r a l
dry di:nsitic -s r inged front 96 to 106 pcf. Natural
n u o is t : u r e  contents varied from 11.5 to 26.2 pcrcc-n~.
A p e r t n ab i l i t y  tc ’~~L i nd i ca t ed  a va lue , k = 2 . 4  x 10—
f t / t n i u i  or very  low. -

A consol ida ted  undra ined  triaxial compression test
was p e r fo rmed  to evaluate the soils total shear
s t r e n g t h  pa ramete r s .  The fo l lowing  values were
obtained .

An gle of Internal Friction , 0 = 150

Appar en t  Cohesion , c= -100 psf

A slow d i r~~ct  sN- -ar test was also performed , to
ova l ua to the ef f e c t i v e  s t r en cj th  parameters. The
f o l l o w i n g  value :; w~-rc used in our a n a l y s i s :

E f f e c t i v e  A ng le of I n t e r n a l  F r i c t i on, 0 ’ 370

Effective Apparent Cohesion , c’= 0 psf

Two compaction tests were performed according to
ASTM D—698 to develop representative maximum dry
d ons i tics for the embaiskmca n t soils - The maximum
dr y  C o s t : ;  i L i  c -5  were  f o u n d  to  I -- - 1113 — 6 and l i i )  .7
p- - i .  Tht i ’ i t t :; i las dc - t i : ;  i Lit-s a r c ’  tluu:; I iidi c .ult-d to
hc o u i l  y 110 to h1~) ~~

- 51 01 1 I t t ’ n i s x i m t s l l l  dry des i s i  Lie:;.
l l u c - : a -  v~u h u c - s , i r c - l owe r I _ b i t s  w i t a t  i n ;  norm s I ly r t - t i u i r c t l ;

h u t  iW- - v c  - u - , I L s1~ ru  I C bc~ untie us I nod t h a t  tube :~ i nsp l os
i i i  : ; a t i d :; - . c _ c  t i u bj c  c t  to ti~~s tu r banc c and densities

Ob ) L~i i n C C h  by this method arc usually lower than
actua l insitu densities. S -
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( 2 )  . S t r a t um  A 1 — 
F i t s - -  Sil ly Claycy Sand

( S C)  ( C s u h i u s i k i n c r i  I

One sample of th i s  s t r a tum indicates  the f i ne s  content
to be 39 percent. rho n a t u r a l  dry density was found
to 1 -  113 1icf and  natural moi st:ure contents varied
t rouuu  15 .2 to 16.7 p e r c e n t .  A permabi lity test indicated
a value K=L2 x 10~~ f t / m m  or very  low .

l i i i  i i  . 5 5 5 t h  c i  I t O t  i v  e s I r e  u g h  is l t s r _ i i i t ’ t  ( ! 5  W Os — t ’  rio t
~t . - (  c~ 1t 5 i s i~- c _ t h i y  l . s i c i a t o t  ‘,‘ I t - s t  ~~~. h oweVer , we have
c o si ser va ti v ely  e s t i n i a t c _ - c _ h t hese  parameters  based on
data for soils o1: :;inti1ar classification and dens i ty
at Kilby Dam and for other projects in the general
geographic area as follows:

A t i - j i ’ -  o f  T n t  . - r n i l  F r i r t  i o n , 0 = 40

A p j c ~t r c ~ss I  C o l i c - n :  s e t s , c 70 1) p s I

i - :f f e c ti ve  A ng i e of I n ter n a l  F r i c t i o n, 0 1 = 370

I - f l e ct i v t a  A p i - ur en t  Cohes ion , c ’ 0 psf

( 3 )  - S I_ r a lu m fl — Fine to Nedium Sand (SM),
Trac e Silt

Laboratory test we re i-tOt  p e r f o r m e d  on t h i s  s t r a t u m .
h owever , s t r e n g t h  p a r a m e t e r s  were estimated from the
test  boring Standard Penetration Test data, as follows:

Anglo of Internal Friction , 0 35 0

Apparent Cohesion , e= 0 isf

l-:ffective Angle of Tntern~tl Friction , 0’ 350

Effective Apparent Cohesion , c’ = 00

Au - s estimaLod tota l u n i t  wei ght of 115 pcf was also
used in our analysis.

( 4 ) .  S t r a t u m  C - S i l t y  Clay,  Some Fine
Sand ( CL )  and F ine  Sand y Clcty ey S i l t  (M L )

The fines content of this soil varies from 60.2
to 611 .2 pc - rccnt  N a t u r a l  mo istu re  contents were
found  to be ranged front 2 8.6 to 32 . 4 .

‘I’hi - 
~ - - - unit - s b ;  l i _ L y  ca t  t h i s  SOi l is estimated to be

lc -s s t i t an  the f i l l  soils of S t ra t a  A and Al .  Based
on iabor u tory ti -sI data  in our  f i l e s  f or soils of
s i m i l a r  d e n s i t y ,  a very low value of k=10 6 ft/mm
is probably typical.

_ _ _ _ _ _ _ _  
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C .  (c_ -ot ccltnical Enuq in c - & - r  i s- sq An~i ly s  i s

‘l ’h i t ’  t ) a n ; j c ’ c l e s i i ; n  rc - qu i re m c’n t s  i nc luded  in the contract
i -i - i t t - ;  w h s i i - I u  wi - t i -  c - v s l s s - i t  i - c l jti n ior t -  ( h - I - l i  1 i i i  l i i i : ;

- I s . i  : ; t  - 01 LI ie  : ;  l U c i  j i~ssc 1 iict ed : ( I) I_lie i:ouutuutiors
cond i t ion, ( 2 )  t i te e f f e c t i v e ne s s  of the cutoff  wall ,

3) t lu ’  n u t  to n -i - i i  t y~)t - i iid COstt ~ c i ct i On  , ari d (4
lt st - :;Lati i Lily of t h e  datit .

( 1)  Founda I_ i o n  Con I j  t j~~~t i~~

The te :;t b o r in g  da t~-s i n C  i c~i t c - : ;  t he dam is f o u n d e d
on a thin  layer of al l u v i a l  sands underl a in by the
Yorktown Formation so; 15 ot Siocene geological age .
T hs i s f o u s i c h i  t i o ti  i n ;  I~( ’ I a t  i Vt ’ ly  i t lC O tnpr -SS  i i)  le Si flC’( ’
t i -se Y o r k t o w n  F o r mat i o n  ~ u i l~ h ive be- on p reconso l idut ed
by s e d i m e n t  load w h i c h  was  su b s e q u ent l y  removed by
erosion during p~s st  g e o l og i c  h i  st o r y .  T h i s  f o r m a t i o n
provt dc -s ~t i t  t x~ - t -  I l o u t I c a s i -  1 c _ ) c  Sul i~” ) r t  of th e dam.

( 2 )  C uL o f  I W a l l  E f f e c t i v e n e s s

The- ~c c -rmea l~i l i ty  of the e m b a n k m e n t  soils r equ i r ed
t i - s c ’ c iam desi gners to provide the s t ruc tu re  with  a
c-) ;t c ret e  core w a l l  to reduce  f l o w  of wa te r  t h rough
t i - s e  c l - t m  and  I owi-r th e piireat ic level  wi th in  the
downstr eam portion of tlse d a m .  This wal l  is indicated
on th e o r i g i n a l  :— l a n s  to be founded  in the “ti\arl ” or
Y o r k t o w n  f o r m- it i o n  s o i l s  of S t r a t u m  C.  In order to
c h i ’~-ck t h e  e [ f c c l i v c - - - c - s n ;  of I_ b - - core W a l l  as a c u t o f f ,
perniarsent water ob:;c~~vaI_ ion wells wer~- in :;t al led  in
b o r i n g s  8—3 and 8-4 .  These we l l s  indicate the water
level downstream and upstream correspond very closely
with the water levels of the pools downstream and
upstream respectively. Thus, the core wall is per-
forming very satisfactorily.

3) M t t . i  - r i ul  Type c l U t i  Compac Lion

T in ’  e t n b a u s k m e i s  t ~;o I 1 s are ha:; i c _~a il y sand w i t h  va r i ab le
amount:; of cla -~’ a:: I silt and have boon separated in
o u r -  . i u s a l y s i n ;  s n s ~ ca S I  r a t - i  A i s i c i  A 1 — These soils have
reLit Oct ’i  ~ Ii i t i b  O c ) t U I c ~ i C I  ~ & i st  r-a s i q t  I i : ;  as i t -s~h i c i L e d  by
u s e  data i - s - - v  scL J in the pri -v otis secLion. The
or ig itsa I — I r a - .- i us s i tiC ic~s I _ c ’  t i n  - cnibanksucnt was
construc tc-d ~~:i s -  to 8 inch lifts. Each lift was
required to bL .-.-atered and rolled or compacted.
This was comn-uon p rac t i ce  at the time the dam was
constructed. Water ing  was believed to help compact
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a sand y :;oil ; howt-~- t -r , 1: 1st -  r o l l  i n ( J was  p rob ab l y
snore ofl  c - c t ~~~V c .  Ls j,or ito t v : 1  - i t icl ird ~Ien:; it- / ti- st5
at - sd f i e l d  de n s i t y  tests  fo r  c o n t r o l  of compact ion
were not  developed a t  the t i n i c -  the dam was constructed .

1u sd I : ; (  i i i h e I  ; _ i t t l t c l t :  ( c i  I t i c  c i i h t t i k t ~ c i t  s o i l : ;  l nnhi (-a t t -
fl5~~i t c ’ t  i i l  i 

~
,oOr ly c~& ) ~ U - I - ’t  c c l .  l k)W e Vt L , tUb e  :; u a p l es

arc subject to di :-~ t urb~ince in sand s and We b e l i ev e
I_ l i e  e m ban k m e n t  so i 1 s h .wr- - s Ii  I g u t  - r degree o~ co :ipac t ion
( I s - t n  i t i d i ca I c  -U 1 y t i t i : - -  - c it i s ;  I I i c - :; . ‘II in  t Fo l ly  lit
test da ta  and s tandar d p e t i t - I _ r a t i o n  test data verify
the soils have been compacted  because of the relat ively
high angles of in t e r n a l  f r i c t i o n .

(4) Embankt:icnt St a b i l i ty

A ; I - i i i  I I i I y a n t  I ‘.‘ n ; i n ; W- i - : - r I (-u ni t - c l on hot  ii I l i t  -

u i :; I i - c - am face ~su i d  I_ he  do~~n st  r i - a m  L ice . Si n e c .  1)0111
1 c l ~~c ’~ ar e  p ar t i a l  Lv su l m s c - : ci e d  un d er norma  I oper at i ng
~~c c i i c l  I t  i c s i s , ( I t ’ .’ : : ct d d e s s  (lrawl (;~- Ii frosts :;pi I lw - sy cx — c - : ; L ,
c l i - : ;  i g t s i l t - cI Ca : :c ’ I aitci  U se :;t _ c- ady n;c-e l )adJe c~~ n id i I _ i o n ,
d esign a ted  Case I I I , were evaluated . Em bankment
section CC illustrated on Drawing F2 and containing
boring s 13—1 , 8-4, and 8-6 was selected for analysis
since this section is typical. The following factors
of saf ety were ob ta ined .

Req ui red M m .
Loading Factor of Factor of

Surface Case C o n d i t i o n  Safety Safety

I Sudden tlrawdown 1. 3 1. 2
of Reservoir

I I I  Steady Seepage 1.9 1.5

Downstream I Sudden drawdown 1.2 1.2
- 

of Reservoir

I I I  Stead y Seepage 1.5 1.5

T i t t  -~~o ~ac I_or:; 01 si  f -ty were ;icceptai)le i n  accordance
~-i I Lii liii’ Li - S - Ar: :;’.- Cofl :; of Eng i. nc-er:; guidelines.
(‘-iso If and IV ch-::c r i l - ed d:; a “partial j>oot case”

t u t U  the “easliitp- a h-:e e~~l : ; c - ’ r e s p e c I_~~v e L y  were  not
c-va  h s i a t & - ~t a, ; I i i - - - ; ’ a r c ’ in :;:; c r i t i ca l .  ‘l’he c r iL i c i l

‘ i t  c l e~ 1::: :o ~~’ t I _ c t I  w i t h  I _ I t t ’ above f a c t o r s  of s a f e t y
are indicated on Drawing F2.

U t - s c t c r  t i - se  i n f l u e n c e  of the  ma x i m um pr obable f l ood , as
Uc - scribed previousl y in the Civil-Hy drology section
of t h is  r e po r t , w a t e r  in t u e  Cahoon reservoir  w i l l
F l  :;e c ) V ’ s  the p r t - : ;n n t  top  of t h i ’ cl ans . tltte sta b i l i t y

I_ lie U I - c ; ;  I_ r tj a l t l  5101)0 under this cosid 1 tion is loss
ol a problem s i n c e  the slope is completely submerged .
Th e r e f o re , t h i s  case was not evaluated f u r t h e r .  The



I - s o t o r  ot  ; s I c ty  I~~ r t h i n  d ow u i s t  I c - ~fl ut I f l ) ( ’~ unde r
l i i i : ;  r c - s t - r v u i  u enuid i t  i on  w i l  I r i o t  lie adversely

c y t ~ t c - et c -U sin ce  the core w a l l  w i l l  m a i n t a i n  the
w a t c - r  level downs t ream at  the pool leve l for  Lake
Me adt ’, w i t h - s  t i n -  p l~ i t i n t ’d , i dc I  i t  iou of a c o n cr i - t e
w i  I I 1 - u s  t op  t a t  I I i i -  ii ~iii. ~UId siu cp ~ t_ u b i i  ity  Wa:; also
Cel iS Lc tc ’ i c c I . The la ct o r  of s a f e t y  aga ins t  sliding
was found to exceed 4 .

4 .  ( ‘ru in I u: ; I ous ’  a n t i  k~ -c ’oniusu ’nc I . t  ( I ( i n S

Based on t i le  q eo t e c hn ica l  encj inet-rinc ; data contained
in thin-; r e p o r t , the  f o l l o w i ng  summary  of conclusions
and recommendations is presented:

a - The Ca boon Darn c o n t r a ct  d r a w  i rigs were reviewed
lot -  Oc cl i  fo r tn a r sc (— W I  th o. -s - se i-a 1 1 y acc -pted p r in c i  1) 105 of
cb e ot c -chn i c al  e n g i ne e r i ng . We be l ieve  the des ign  is
: ;u i ta b le  for  the s i te  f o u n d a t i o n  conditions and materials

1 i zc’d -

h .  L h t & -  c tas t t  was  i f l : } c c C t t - d i  ti’ ; i rig t h e -  t i _ S .  A r m y
c a r  I i : ;  c c ~ I - : s s c ; i u i c - e r s  guid eline: ; lot st- tt lc ’siient and
Itapt - s t a h l  I i t  y ,  seep u i c -  , iJra i na-p’ syst ems  and slope

e t o s  t~on problems . A l t h o ugh  no m a j o r  p rob lems  were
oa: ;L- rvcd , t i - se shor t  sect ion of the embankment  nor th  of

— 
the sp i l i w a y  has not  been m a i n t a i n e d . This  area con ta ins
t rees  and u n derb r u :;h  which should be removed. The slope
pro tec t ion  of the u p s t r eam  f ace  should also be restored.

n .  S i nrc- the darn was n o n st  r t u c t i ’ d  w i  th a very st c - op
c W )W u u ; ; t  I oa s is  l I C ’ and w - i : ;  subsc -gueut tly p ar t i a l l y f looded
w I I _ l i  e- -cn n - ;  t r u e  t- i o n  of 1 ak c  Mi -ado , we recommended a Phase
I t  study to e va l ua t e  the s t r e ng t h  of the embankment
n - m i  is and p e r f o r m a n c e  of the  core w a l l  as a c u t o f f  to
w at e r  f l o w  t h r o ugh  the darn. T h i s  s t u d y  inc luded
drilling seven test borings , installing two permanent
w a ter  observa t ion  w e l l s  to a l l o w  presen t  and f ut u r e
monitoring of the water level through the dam ,
l abo ra to ry  t e s t i ng  and engineering ananysis.

C .  T u e  w a t e r  o b ser v a t i o n  w e ll s  i n d i cat e  the water
level  u p s t r e a m  of I _ l i t ’  core wa l l  i s  a t  a bo u t El 24 and
down:; I m ans i s a t  al i o du t: 1:1 11 - ‘these  da ta  i n d i c a t e
t lie c-a u - n wa 1 1 i s per Ic u -rn i r i g  a s 

~
-c 1 a n u i t ’cl - ‘Ilie wa to r

o5c ~~t ’i v i t  i on  wc ’i  1 I-- c at c - c l  iii Itor i ult~ h 1 l  Sh Oul d , however ,
1) 1’ t 1io1~s i t  ored q ua r  Lerl~’ to do t er m i  n c ’ any  major variation
f rom the downs tr oan i  w at e r  leVel El 1 .~ - A r i  so in this
level wit h o u t  a c o n c ur r e n t  r i s e  in the level of Lake
Meade , such as under  s u r c h a rge  cond i t ions, would
ind i ca t e  the core w al l  c u t o f f  is not f u n c t i o n i n g
properly. If this si-toul ci ever occur , a risc in the
w~s t ~ - r  level on the downst ream side could t r igger
failure of the downstream slope and the dam. Thus the
water observation well should be monitored quarterly.

— 19 — 
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- - -~~~~ ~—“~~‘~~ ~‘~~~~“ ‘~~~~~~~ - -~~-~ —~~~‘-~~~~- ‘ -  ~~— ~~~—.—•,.‘-— -.~-_ — ~~~~~~~~~ -

t h i i -  ~~. u t  • - r  1 -v i — I  : ; i i - s i  I~ c i t  c - x c - c - - c I  I i i , ’  I c -v s - i  c c l  ~~~~~
‘
~~ - .tclt ~ by SISOF t- I_ hat s 1 1 . b~ - shou I U I-a u i - a t. ~ c -c ! I f
the w a t e r  l ev ~’ 1 r i S c - ; ;  i lj o v c  - I_h is I eve 1 so t i -t a t  we may
evaluate the seriou:;sess of t he  problem .

~
- . A : - ; t a b i l i t  y a n a l v: ; i s  was 1) er l orr n e d  u s i  r t - j

s l i t - ar  s t r en d i t l i data ctevnlo i c -d in the soils laboratory
a r id  dam q ’o r n i - t r v  to U c - t e r m i on the  fa ctors of s a f e t y
of the cmbu u t k iue s i t  w ;  I_ li cc-: ; c -ct  to shear fa i  lui-e .

R e q u ir e~~ ~i i n .
I c - i - I  I t t - j  1? i~~- (  or of I-’a-- - t - o s  ot

. i 5 t  t _ t c i ’ 
~~

_‘~~
_‘: ( ‘c - u i c l u i i r u t i  S u i t - t y  S a It .t y_ 

—

Upst ream I Sudden  drawdown 1.3 1.2
of rc ’s ervoir

III Steady Seepage 1.9 1.5

Downs t r eam I Sudden d rawdown  1.2 1.2
of reservoi r

III Steady seepage 1.5 1.5

These factors of safety are acceptable and indica te  the
embankment is stable under present loading conditions .
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_ I ~~ I: c~ \Jh (~ N I ;\;’-~ SAl - I I V  I : .51- 13” n- I

A .  C lv  I I — IIYDW)LQGY

1. i ) ~ - s c ’ t i 1 , t o c u i v l f t i s ; i

1-  - OF - i n  a 1 ci - c r - s  w c ; ; ~~~’o r ; - ;  I r i  - - t c - :1 1 n ~ ~
) 1 2 . Thi -

c c i  i - ; i u i u 1  l u u ; c  w i : ;  - c m i  t a r  i i  - -i - il ’ - m i i k i i i - - i i I _  w i t i t - u  c t - i t t ’

i t  - U :  ;~ - .st id I h cat 01 c;  - I - - \ s :  - t - cc  t - - ci - i n - ; t I -- - - - i u s ’  i p ie
i I l w ;  y . t h i n  c. - - i t h - ; : :  S i i  tn - -; - ; ;  I_ had a c o n c r e t e

ca r -  w i l l  i n  F l i t -  Cc - s t  5 . ‘ ; c )  of o r ig  i sal  - - smb an k—
nm nt ~

-
~

- - n; t ’ I - - ‘ _ - . u t  j o :  ~‘() _ 00 M . S .  I , .  I n  I 01’)  1 he
e~~c r  I _ l i  esiti tusl ;nic -: ; t ‘~~S S F - I l  S C c I  t 0 c I ova t i on 33 . 00

i l o t i g  w i t h  th ~- t -o re  w i l l .  At I h i t  t i s ;- -  a 3 0 0 ’
long conc -re ta . - h 1 ~ L a y  w - u s  ac :dc -d at the north
end O f  t -I f l l i a l l k s i t c n t  . The n - aw :;s- i 1 lwa n-’ (-I c -v ation ~S

.1)1 ) M . S. I . .  ~~l 1 c ’ ( 1 5 5  (J i n - n -  I c 1 i t  0 ho u se was  r i  i sc’d
t o  n w  c - I c V a t j(i fl -- ls~m . 2h- - t - : ;bink n ;c- nt ha: ; q r r n - ;

—ii : ; I I - - : ;  ii — -- - - - - I _ : I — ‘ Iii - - ; 1 0 I I -  — i i  t t i  I c  - i~~ I u~— t  I fl
-
, : ; t - - t i c  c c i i  I t i c  - i n - n -  I c - 

— u n  : ; i i ~ c_ i  I t - t i i b~ i t t  ) s ic . - c t  W~ i S
cent i nuc- d u n c l c -r  r . :;ecl - - n - ; ml u lkn - ’nt . J-mban kricnt
h - n - s  t w o  ~0” Ca st  FuSs p i s - c .’;; t h r o u g h  it w h i c h  wer e
Li id in ex i s t i ng  ulcantiel 1oc~t t ion .

Tu e p r i mar y  p u r i ose of t i s i  s lake a n d  dam is to
cc t ~i n - n -  s wa I t - c  s ut  - p l y  ; - Lc r t-  :e a nd  a 1 1 ow t he l e v e l
ot Lu kc.- M c  - d c l c ’ ( d own s  I_ rc i m: ) Fe hue ma i n t a i t-t ed  at a
h - i g ! - L  t i - c  s u i c a i v  t hc _ - ~ at e r t n - - t I _ m on t  p l a n t  l oca t e d
- i  t. Lii-; c_ K I I I c ’. t ) a n - : m  . ‘l’h- ’ c - i ;  ~ic  i i  \ c) I l i i i ’ L i k e  i — ;

I 1 r’-I . C . w s t h  ~ 2 ic ’ t - e:; - I l c  -oUt -U I ~snd
— c i i i  ( ‘ l , - s n - : : ( i e s  t i on —

t i~c c c i ’ : - ;  c m c i  h . - I i c ’ Co r p s  o ’ h i t q  in c i rs in
acco rd n i c e  to s iz e  and hazard pot ent i a 1 . The
class i~ I i ca I _ i  ou i  wi. I I Ice ust-d to determi ne the r c —
c(n rlen (Ied dc- n- -; i go  11 ood t~ 1st t t lie soi l  iway  m u s t  pass
Lake C ihoou -s Si zo ci an - ;n - ;i . i ca t  ion  is ” I n  t cr med i a t e”
:;i l e t ’ t h c- storage cipa - i.tv i n - n - greater than 1000
ac re—I t o t  and It -Sn - ; I_ h aui 50 . 000 acre—Ic -ct. The
h a z a r d  p o t c - n t i a ] .  clisSi t iC~i t i o n  is ”Siqnificant ”
s ince therc ’ Wi 11 c- ~ I ‘ be u an ;a -  e to is b ated homes
:;c -c c- ,id ar ’- I m j c t 1 ~~-o v : n -  m : i c l  tninor i ailrouds and service
i t I t c - m t l l ) t e ( i  t O  i t t  c _ i  j t i es .

by the Con-c: ; of 2s: jssc ’ers ’ Cr1 tt- r i .O n , a S i g n i f i c a n t
Ilaz arci, I flt c ’ t f l 5 O I a t  e— ~ 1 ;s’ t L t n i  u n - i n s t  l I t ’  _ m i ) I e  to  pass
the I robable n i x  m r -urn f l o o d  ( P P F )  t h r o ugh  the s p ill w a y .

A p r o b a b l e  m a x i m n - i r -n- f l ood  by Corps  of Eng ineers
standards is a f l o o d  t h a t  may  be expec ted  f r o m  the
most  sev- ’re conu l ) i t l a t  ion  of en t i c a l  me teoro log ic  and
hydrologic cond i  t i o n s  t- h - - s t  a re  reasonably possible
i s - s  the u - -g i on. Such a couid i t i o n  w o u l d  be s im i l a r  to t h a t

w h s  i c t i  ( ) ( ‘ CU t C c l  i n  N~ - l n - ; o u i  County d u r i ng  h l u r r i  cane  C a m i l le .  —

Stat ’ S I orn I n I en: ; i t y  (‘ t n ; ; :  ~m u I : 0 0  Char t  f o l l o w i n g
I d l y ;  i n o b  I n : ; t ) c - C t  S O I l : ; c ’ t 1011 .
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St  i t c~ of V i r n -  i nsi~ i adopt -d r— -ou lat ion No. 9
c ’r  i : c ; ) ; milci ; u q ot rc m - ’t U t - - : ;  i n  P i r - I  1978  w h i c h

w i:; I i l e d  ti ~ t V  I ) 7~ ~u id l - ~-c~u i ; ; ~- - t  1 c .- ctj v e
ic_i l ’; 1 , 1 1 7 8. t I m - ;  r c - i u l a t  i O n - i  ~~ t ;c t: c -S t h a t  wi th i n

- yc  - - s  1 r am t ’ t c - - - t i ‘ ‘ - 0 - I  I c - c V  r own - r of an  ox i n - :  t I :
I i n - I L c i - m u m s i ;  u i c j  : ; t  u 5 i c ’ t m t : i ’ , : —, h . t  I I n- I IV d~ - d . u t  a c u d
l i s t  c u t  I i o n  t o  S k c - - l I e  t , . i  I - - i C- - l i t  I a !  t i c _ s o  i c I  :;t i I l i e ;  OS I
10 e n i l - I c ’ t t i c . ’ Ii -  i r d  t o  c L ’ t  c. - i : : ;  i t ?  ~ he-t hi- F to i n - n - S u e  an

1 p - m i : ;  ~i i i i ~~~ i i  i i t c ’ t l c n e c ’ pc - c m ; ; ( - I  - - : ~ j : : t m n c j
c c - - — c l i i  I i i i  - — - I i c i  - - I - i t  - - c c 5 5 c — c i - - - — I : - i i i  - Ii ~- _ - - I In - —

t i m s y  t i c  I c - - - - - : ; n - ; i i V  I c c  l o t  i q i t c -  c - : - ; i~~i u c t  u z ~ i r c l  t o  l i t ’
~1 f l c i  p r o h c c - u t v  a t  t r t l n s t - i b l t - I c - c  t b ’  c - n - - : i : : I  i n - ;  structure.

I I  it - t c ~~~~~ d c - c  c ’ . n- I t i  t i S eats I c i ’  I O t i l c i l  t I i  I I n  - - - - I ?

I I _ l t d  , -‘ I i i i :  c o n ;  : 1 I t - i - I  n- r c  P - ul n - i  ( 1 1 1 : ; ” , C l - s a n  I _ c r
12 , l oge P l c — c — i l .  (~~~c~’c A n - - p e s d i x )  - ‘ihe sec t i ons
which h av e  been n - mit - ic ri i n~- m i i n  t h i s  r e g u l a t i o n  should
i - c -  ‘, i V t ~~l - s a t t e t t l  i c t i  n - i  c c -  t a - - ’ .’ p e r t - i i :m  t o  r etj u i r c -r : s -n t s ,

im i i  t u g : : , c ctLe:ln - ; • c : t . ;~ l o a i c ! , r ;y l ;t  to h e a r i n g  on
s UtJ ;c _ -: ; F ions , a m id  c _ - f l  I orec lii  - I c  t .

- I t - c l  i i i  I sc ’  I-S -t)cm I t I o n - ;  , i I a I o I tnO I cc - : : ; :  - 1 - i  iii t
- n -  I u h t ’t i dc _ ic ’ t o  S m : i S c t  u~ c’ -c~~d i  t T i o f l S  OF  ( c : - - r a t  m u g

c:- n - I i I h - s n - -; , and i n - n -  f o u n~i t o  Ic e  I _ r u t -  by t- l lc ’ ltO a rU , t I~a_
- - ; : m c ’ r  n - n - b - i l l  i -  r - - c i t i r c ’ c _ l t c  p I~~Cc ’ t h e  f a c i li t y  i n  a
‘ o : m m i i  I Lou a n -- ; : ; u - ; - m - - s t  c - _ I  o r  ti n - board n - n - h a ll cause sud s
;c I  i-as t o  he - - n - - c - n  O n-~; o m n - ; c ; i u i c g  or remova l 01 O f l V

( wimI I ng a I r oe  t u re  oun c i b~ -yond repair. AS the
i ; t i i i l t ’ I  inc -n - -; s i n - - s t e  I : ;  t h i n - ;  n -e -; UlZlt iO fl, tn-he
I ol leo- i im p I i :sI: : i j n  re ’ ac - I u i  F O i l  fo r  th is  impounding

L r U c t u r ~ - ti t l c . - J , L a ke  Ca hoon Dam.
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i ’ hy :; I e n - I l n - i  : 1- e t P  j o t - s

a - P r o c e d u r e

I ) i  a sip I I i -  t i l t  I i i  I i n - : at S - - I - - : , l  cc  - F - c u d  Cc - I oi ,c - r , 1978
- - i~ - I 1 1 I c - 1-  I i i t S  - - - — I i - c o i n - ;  wt - m~c - con -  d u e  t c - ( I by

e i m c t  i ‘S-e r  I t S~ ; c c rS i n - i n - c - c- J  ~ 1- Oflt ~i - i~. ‘jmn - ;nc. n - i:n - in c_ I A s s o c i —
;s I - - n - n -  . lh ~ - ‘c-.- - c  t c - i - n- : -c i - i t - -c ’ - - I - v - u I (111 n- ; o n - oh:  n - c  - rv t -d - i t

wi c i - - i
_

c - i t 1 -  - c- - I n - n -  c i c i r  i u s  - 1 i c  - - n- I I t : ; ;  c ’e 5 m - - i n - n -  . A t
- ‘ a I i  I - - Vt - I n - n -  I i i -  - n-- -~ i I c - n- - , . i n - ;  t i - c c  I I I OW ~t 5 - J ( i v  c - r t i l t  -

n- h - c s  1 In - s- t v  c i e st  u s c  - . A j o t  e V - i  ly e  0 i : n -  0~~efl i rs  the
C - it c -  I t o t i : s -  - i . i I - - 0 1  S i c ;  t im -  - I c - V ’ I t o bo 1 - n - c _ p t  c loWn

:‘t t  t i le  t H~ tn -h - p ho n p  -sin - -V-o re  t ak e n ,
I n -  - - o~m I t ’ r 1 cvi ’ I w i n - n -  . 1 ! -  I 5 v-: u r n - i :  - - I y 1 5’’ tn-U 1 ~

I - 1 -  ‘c- . c - - - n- I I i n - n  - 0 I n - g i 1 In - - - - c~ ’ . A n - n -  c i i i  I - i i n
- - _ — I u c I s ;  , I l i i : ;; ;- - _ — _ -d I - - - h -n - : ; , n - n - H  n- -. - - I n- — ~~I ) (  : - on

sic.h- c-c t s ; - i l l - c.- ; _ i y .  I lie - ~-i;Cr utu was
n - n - -  ; ~i c :  on n - - n - s i l l  ~~ uv and  F 1 n - e  c r a c k s , l e a k s , wet
n - n - i - c c  F n- - a n d  ho I c : n -  Ot - F- - I L  g g - c~-d . The j 1 t1 ts  WI ’I c ’

i n -  I ) c .  c i  a n - n t  1 1 c : a S U I -  - I  Lo t  c l c - j c t h , ~i l o n q  w i t h  tile
s i c - l e n - -

‘1’hc - - - n b a  M - ; P c - f l t  ‘c-: 5 wa 1 k - c - U  to eva l u i  I_ c f o r  e ro s ion,
son l -n -en  c r - c - a  S , i m n - a  n - ic -opage - The Gate  f louso was
i n n - : ; c c t  -U f o r  on n r - i  t i on a l  va I n - i -  - an d  s f e  ty fc’ m turos

e n - I  I -a these oper a  L i o n s  a n d  I i nd i ng s  w re photo—
c j  i I~~

) I  R n  I i u id  - i r e  inm’ l ud c n - nl in I_h m s r ep o r t  —
l u - s  c i c  - m m c ’ra 1 , i n  ove r~i l  1 v i s u a l  i nspec t  ion was made
of e m b an k m e n t , C~~t~- I Ioc _ i~~e and  concrete  sp i l i w a y .
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(b )  Findings

1 . t t ~cmn l - : mi i ci m :- _ u~-s - i i  t~

T i m - ’ c ’m l c a t i k ; n - n ’ t i t . ’ n - n -  V~ n - ; c n - - m  I c ’OS i i t  l O t i  ip p t15 n- to be
- ; c c o i , 0 5  ( ‘ i t S  hi ’  n - n - - i ’? ) 01 t h e  t u c i  h wj  t m q  pi - ‘Ic n - rcv ; . Sh e

- : n- c i i  l i - c I I ;  i n -  I - I ‘ n - ; — d i - - ~~ - ‘‘ - m - -d w I I I - s — p - - cu I s I - S mU
p i a : ; : ;  . S l i t  - i c :  i :; - s I - - n  L L c ) u s  on  I lit - t i ~~~: - I S - - - i l i  : - S t~:

‘c-.’hi m cli i :; i i  n - ~- n - t w i  Li i  s I one;  a m l  1 1 though ilC) t ; c _ -vL- rc.’
n - ; i t s k  h - a l - ’:; n i u m  i~~- ;;e ’ - t m , I t - s i - u e - i t t ’  :;~ -c I i o u - n - o n -  t l i~
: n - I i m - - I i u i i u c j  ‘ c - i c  t t t i  ls m v t  i c d - t ’ u c  I n - n ) V - - u i  _ i n t l  i c c I  I I )  I , t
r t ’ I s i - i .  I- ’ r onc n - - ; i ; i t O II1  1 c ’ n - n - c 11 , I _ t i c . ’ 2 : 1  s I c ~~~ - n - :  sh ow
I_ h a  t. u - t o s b u g  h i  l i t )  i n - - n - n - n -  C - - ; eu r  r~-d. A tuore d c _ n - f Lu l l .  I_ ivc
t n - i l v n - ; i  s of t h e  e :;icn - n - ; ki :. en t W : S  made by the soil

cou s i n - t m  1 tan F (Sch;n -- c l - e l I :n - ; g  i t - s  i ncj ) - The Coo technical
n-;ec m io i s of l i i i : ;  r epo r t  cont  ;t i n s  data used for

ur t I m e r  a n a l y :: s of -rLan kn -sc -nt -

I --
~~~~~ , -

‘~. gO 4 c’~~ ’- - 
-

— c_,_. _.
~ - ~~~~ •,

I —

I

-I,

— — ——---- - . - --— —

vi  i:~-j (11-’ t - :~- ;I t , \ N i - :p c -~~5 - i ’ 1 00K I PC NO R’ ci-I
(Dow mc n - ;t reau n Slope o~ 2:1)
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- S .  (‘oucrete Sp i Uwcs~~ ( J a n u a r y  1919 P l a ns )

I I i t ’  gi  - t R  - k s  1 Oc _~-c I S c  I i L i t )  ii i_ i I ‘ d ) i i i  • 1~ c . -  I t ‘ in - ; I - s i t — ‘ I I  ic

:- ;u r Ls- ’c.- sliows I. e sks pot i-so 1c~~ s nU t n - or s cr c_’ Ii ’ dot er  io—
i - S i t  j O i S .  ‘I’ lm i n - n -  n -p i 1 l o ’ t y  i s  s I - ci ~ ] 1 n - h - ’- s c I  I ype of c o m m — ~

n - n - I s oS ‘1 i i  ‘ m m  w l s  c - I S  e s u  h - : ; e ’ - m i  s i s  I F - s i c :  n-~ ‘V i  - S n- - S u e t  l O S S

c u t s  (‘ii c ks I c c c . - a t  m a i m  ~1 s p  i n  A pp- - i m ~lH:  ol  t i s i : ;  It p O r I  -

A ! p e n - m c . i  ix  s h o u ld  be cotis ul ted a long w i t h  photocjr aphs
which sho w t h e location and visual condition or the
i i s i l l  i i  - n - n - :  . ‘I’h c - n - n - s  im ~ - ‘ai lt  - a n - ;  n - n -  how n on Pa go I — l o~~ 3
o’- s n - ;  u n - ; -J iii dt(-; ~Crii)jii~J t h e  c r i c k s.

I t .  — I t t l i t -  c ii - — 1~~c_ n ‘ m u — - -n - ; l O ~~n- c i  j r
I )  . — 

. — I - F — ’  C n - -  - -k — i-: - - pa iT - ’ :; t~~t ‘- i  1 i n - i c ;
— b - -I Cr~;- -k — k u - I c _ m i it ’; ;  C u t t  o n - p  Ou t  and ~Jea l i n c j

- . - I . I i  - - _2~~)7 c u ll I — P c  in - ts i F c . : n - ;  - - - i I -s - cy
J — — it s-i J o n -  u S  Conu~-c u :i d — P c _ n - d I n  I rc~s h - ’w J o n - n t  Co::-:,c - _ : d

II  — i h o i c  Over 2” Deep — P -c - g u i ;  r e -n - ;  i l c O’ cou-.eretL- ~ :n-u .~~~c

1 o O l u  - i l  r : O c e
ii . C — S — — P c i  r P1 - i i .  1 f l c~ C - un - n - C 0- 1 e itF ~I c_n - C  — i - ~ -g n- - F - ~’ n - n-

t , s i - i t s-n-rf0ee shciulu be ~Pn - a I c J  ~c : n - U  i 1~as Lt n - r e~~.

‘ t i c - - i t - I . u i n - n - H m q  - ,‘ n - f l : ;  0~ t - n - i S I i l - n - I i l t ’U I  n - n - i - - .-; - m  F a t  I t . n
n - n -  -c c m c - - - - I i d  I n - i  - — — — — t n - c ’! - - I - i~- — -- I - - 5 :  - —~ i u c_ I

I I  ( P c  I F  F it - ru i-: c 11 ) an -h H it )  I 011 r a p h i n - ; -I 0 - i :~~i - I l
(~ ; c - u t 1-st ’i - ui W i !  1) . As I n - l i e - c t  -H i i i  A i n c - l u - c l i  x I I , t he

:;oc u I i i  - r . : n - d -  c _ n - h ot - s of n-;p i 11 way SI l c ) ’c -J : ;  n - :  - v c -  r d  I c -al- s
a n - - s c _ I  we t  spots - On I_ hi .  S Same 1-ace , pt io  I_ op r -  cp h s
35 - m d  38 show t i - t a t  the reinforcing bars, ori g i n a l l y
imb c -dc-lod 6”  i n to  the s u r f a c e  of b u l k h e a d , arc not
o n l y  exposed , but  h a n g i n g  in m i d - a i r  in p laces .
The wall shows leaks in several places and a water
Sp out in  one spot ex t end ing  f rom the sur f ace of
w a l l .  ( Ph o t o g r a p h s  30 , 31 , 3 3 , and 3 4 )  The end
or w e s t e r n  s e ct ion  of s p il i way  a t  the t ime  of
i n s~~t - ct i o n  was w ’ t  and covered w i t h  s l i m e .
l i - s c -  ~o I l i t  i n  t n -he  i l i i d ( i l O  i nui - -i t ~ cI ~m bad leak -i t
I 11- - t i l i i i  - ()  C ph t o c ;  i- mph i nq . I loweve r , on at - tot -  he r
i n n - ;~ - - - c i  I t  c m i  i i i  at  o h e m —  , w l i c ’u i  I lie w~i I_cr wi n - n - ~iowu - s
a p p r o x in - s aL e ly  5’ to 6’ , this joint was sounded with
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m I i  i l u u n - m - c  - r and  t i m -  - ro t  t e n  su r I - i C - a  removed , exp os ing
wim s I ap ;ut- m r~- c i  t o  L~’ n - n - o i l  wh i cii hn - i d lodged in t h i s
Jo u st to h e l p n - n - I  op I l - s e  le~sh

‘l ii - - u s  - r— t i - i t’ ri m n - n - c i t  1 1 ‘.~~ - s y n - n - i  4’ 1 i i  - i -s n - n -  i s -  c - -ic - d rumnc 1i t i - t i  - sanme
- - n - n -  I ii - - n - d c i l t t i  - i s  n - -  -t :  I _ i  c . s s  , ~s I I l c ~ i c — j  Is t i t i  t ~s n - n -  tm iu~:Im
I’- ’i ka c~c _ - w~s n - ; p 0 - n - n - - c- i -st .  S i n - c .’ C r - s ck S Lo c a t i o n  r-~ ip

n - n - h - s c  sil i t 1  idF ’ d ’Oi i  S c I I - ~i i n  -‘ p c - u - s - l i  x f t  - c i trus - over—
- i  1 1 p i c ’t  u n - of I lie p r o h c ]  c -nm a rc~ss . The sou t h ern
S t - I  - i  i t i i  s u p  w i  I i  im ~sn - n - a n - n - i t - s i l l  I i -n e t- ~1tn -op i t , bu t  none’
could be seen en t ime  n o r t h e r n  w a l l .

1). (a t i  I lotS n - n - c ’

‘ l i  sc _ ’ I ~~- s I t ’ lo t s  n - ; -_ ’ w i m  i cii ‘ - l i : ;  r i  I ; n - - c l  j~ ~ ) I P , - t l c ’ j  r~ d
t i )  h ay- - - i n - n - C O u n t  I n - n -  I r c _ sc _~ F t~s ra 1 h i  n -I t ?  an d  we I w- -1 in - ;
‘j ’ I - s i -  hr  i t ’k i t c .1 f l - s O r t  a r n - n - t r u s - t  n r c?  : ;t ’t - u i m : n -  to be in
p c _ c c  ~ I c _ c nc I i~ i i on  - ‘t ime c_ -x  t t - s i  or roo f i s s i - s te  - i ml
:; l i o c ’ s- : n -  n - n - c _ rn - ce n - ;e c t  ) t - s 5  wli i e l m  a r c ’ i ) r o k t - n  . Tlic c x  I _ c - n or
n- - i - - h - - i s  I r i m  r c _ - d l u i r - n - ;  pa i t i t i  t i c ;  i t i t l  r ej c l ~ t cc ni ’ t i t  of
u o t tc - s m  :; t - c n - t l o t l n - n -. ‘l’hic ’ h - c _ m i l c i i u i c j  h i m - ;  t_ l t r t - e  n - -inc _ lows ,
- i I I c) I w h i c h  n -ed new - r~-a ties and wooden sec I_jo ns
r c _ - - ; u i r i n c j  r e p - a i r .  They have a lso been d is lodged
f r o m  t h e i r  m a s o n r y  opersi n q s .  The door ha-s not been
p a i n t e d  in some t ime and h~as s igns  of w e a t h e r i n g .

‘l’he r i dge  r o l l  is  no longer  a top the  struc ture as
shown  d l i i  o r i g i na l  d r a w i ng s .  A p p e n d i x  (Ga te
House f)r-mn’inq axid Pictures) si-tows time-se problems .
Pc I cx F - ‘r ior  l i g h t i ng  is r )r e sen t .  The wooden and
s I _ i - - I l ) r ; d ye  to Gate  h ouse has  r o t t e n  p l a n k s  and
a l so  shown t h a t  Lime  steel could use a coat of p a i n t .
Tl me h a m i c _ I r a i l  is wobbly and unstable. At the
entrance to bridge is a farm wire type gate which
serves lit tle purpose.

The interior o n -  the Gate  House shows a heavy steel
g ra t e  f l o o r  wh .  ~h i s  r u m - ; t  c-H . The i n t e r i o r  wooden t r im
:; l m o w n -  n i c _ m e l i  I _ t i c .  a in - Uc.n -  a n - ;  tb-s c_ -x t e r i o r , in th—i t it
u - c - p t  I ~~- - • x — < - p i i r - in  H ~~t in I n - n c ;  . Al t. i u o m m q  h n- ;ommme

- i l - c - I t i c. - . i I n-v I I u t u ;  j n - n -  - i - ~n - n - c~~t i  I , F li~ -- I’c~’i ’t  l i - i s  l i i  t ’ I l

c ’ i i t  - c u t  n - ;  i c_h ’ tic - b u n -  I c l i  h g  and  I_ l ie i n t e r  i on  w i ring i n - ;
u i - c t  i i i  t i : n - s i c l  I - c d I I n - l i  t i i  - i t  . t ’ h -  - tWo 3 0 ”  51 U i Ct~ cj  a t:t’S he low
n - s i t -  - n - c m r f ac _’ - ~~t ’ I ’c.’ t i - c r  V i  ~ i h c 1 i ’ in tn - l i e -  W c ’t ‘cst l 1. t iU t ’ to
S I I I I n~ n- icr at o~ - n- l i t - i n - : .  l l c ) W t ~ Vc -i , I l i t :  2 - i ” t ; a t  c ’ , i !) !)r OX I —
m c I _ c - b y  I t  f t .  1, - l o w  q r~i L i n - ; ,  a n - - c p c a r s  t o be in good
con - i- - i t i o n .  t wa s  observed t h a t  the gate  stand to the
r i y~it  of door w a n  c racked  to a g r e a t  degree . The gate
n -- ) t~~c- l e f t  of door was t r i e d  and found  to have a gear
ratio of alr-iost 1 to 1, which  ma k c~ it difficult
to open. The gate valves to the
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n - s -~ n - ; L  or icact s i c . I c _’ of ij un - l d i n t j  n - - c _ - t i m  lo be i n - i
c - inc _ l i I i o u  a l - n - a. the ~~~

-
~~~

“ v al v e  n-as O p - - ; m  i l l O ’c - i i n i ;
I l i i  - n - s i  t i ’ F  I - V - I I d )  1 - - I -on--ic it  cl  . 155 - i u i  n - i  t t - ‘ t n - p i t  to  n - n - -  - - I  t ~~~~~ 

-u

e as i t i  i tn - i on c - I t i n - t ’ I c  c’c-.’ c - r Va lv i  - n - n -  , we t. r i i ’d to ci O n - ; -  - t i i  -
c -

~

va I vt ’  w i m i  cli w- i n - ;  c ; - t n  , icu F a I t c_ ’ r some 100 or so I_urn s , i t -

n-v . i n - ;  c i i  n- ; cc I V ’  i c c  I t i n -  - I_ I i n - c  V ~5 1 V~ - l i u t i  n -o n ce n - S d o I 1( 101-;c  ‘d
I i i  i I - c i m i t  i ’ s m s  l i t n - i -  - I 1 - c -  - c i  o n - n - c -c l  . i ’ I m t  - I ](~ c~ c ; i _ s I  S I s - I

‘c- n - s n - ;  s c - m n - c c c v c , d  a u - I  - a m s m s - - I ( i l - -c l I c _ i  I I C S C L ’t l c h  I hi- I i c l i r
I m u  l i i i ’ n--. - - I ‘-, c - l  1 t - c  H i n - ;  i o c i p~ ’ t_ li - - ‘c-, c cc ~d i h — ‘ I ~~ 1- n - t i c _ l i  - r

‘c- . u n - n -  I c ) t i s i -  I I i i  1 ) -  - i m m m m - s  t u u i :  ; i  I - ‘o tit i i I I m . ‘F I sc ~ n - i t t  S r i : ;
n - - n - u  i e l i  i t t ’ :; t e c - I  s o - I n - ;  h i i V c n -  c c _ r n - I _ c -- I  t o  I_ l i e  p - c > i u I I _  t t ~ - - s t
I _ l m c -y w i 1 1 n o t  n - n - o i l cp o rt n - i maui ‘ n - ;  we i g i s t .  Al so , n- ; c n - V ( - r~ i 1
Ltenm s were ‘)iled on gr a t i n g  w h i c h  would  not  a l l ow a l l
g r a t i ng  to be rcni ovc_ -d . The I_ r a s h  r a c k  on the ex te r io r
of 1)01 I c l i ng  ‘,s~ iS  observed  f r o m  the  i n t e r i o r  of the
h - c s  c_ 1 c l i u m p  by Op - n - l i  i t - i c ;  t h e w i nc low and  was f o u n d  to be

I t m  - s wt -srt m c.’oumtl I t I c ) t i  — 
1’hie apP~ fl(l1 X of  th i n - ;  m c - p o r  t

n - n - l i on - -i n - n - c 1 1 — c in - /  i n q a nd  p h so t o - i  r i  n - c h n - n -  o f ~ I b i n - ;  P i t s i  I H i t - i - i  a i c d
n - ; p u l  I w ay  w h i ch may bt~ c o n n - ;u l I _ c d  fo r  a p i c to ral  VicW
of I h ~:se cond i tions  along w i t h  the f o l l o w i n g  photo-
p r ap l in - ;

~~~~~~~ 
-
~y ‘~~~ 

-~~~ ~~~~~~~~~~~~~~~~~~~~ 7
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2 4 ”  ‘;ATE VT - . n - V 1 l  ‘-
~ I ‘ n - N W IOD LODGED IN IT

Wh iCh  PR EVFNTLPJ CL OS I NG
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V I E W  OF DETER IORATED WET WELL LADDER
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vi i :W INTO ONE OF WET WELLS OF 3 0 ”  SLUICE GATES
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