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P RE FA C E

This  repor t  has been prepared und er  gu idance  ~ont . t  m e d  in L i .
Recoimnended G u i d e l i n e s  fo r  S a f e ty  i n sp ec tion  of Dams , fo r  Phase Invest i-
g a ti on s .  Cop ies of t lese g u i d e l i n e s  may he ob ta ined  f r o m  the Of f  h e  of
C h ie f  o~ l~u~~i n e er s , ~•: l~~ I i n ~~ton , D .C .  203 14. The purpose  of a Ph i I
invest  iga t  ion is to i d e n t i fy  e x p e d i t iou s l y those darn s which  may , ose
hazards  to human l i f e  or p r o p e r t y .  The assessment of the general  con d i t  ion
of the  dam i s  based u ;’on a v a i l a b l e  data  and v i s u a l  insp ect ions .  th tailed
inves t  i g i t  ion , and a n a l y s e s  i nvo lv ing  topograp h ic  m a p p i n g ,  s ubsu r f ace
inv e  ;t i p i t  ions , t e s t i n g,  and deta i l ed  c o m p u t a t i o n a l  e v a l u a t i o n s  .t r ~.
beyond the scope of a Phase I iiwestigation; however , the investigation
is intended to identify any need for such studies.

Eu reviewing this report , it sh o u l d  be realized that the reported
( o nd~~t ion of t h e  dam is  based on observa t ions  of f i el d  ond i t ion ~ it the
t irn ’ ot  i t i ~~p ect  ion a l o n g  w i t h  data aval  lable  to the  inspect ion t ’ c  . l i i
cOse~i wh er e  the reservoi r  was lowered or dra ined  p r io r  to inspec t ion ,
suc h act t en , wh i l e  improv ing  the st al ) i l  it ’.’ and s a f e ty  of the dai’ , remove
the norma l load on the  s t r u c t u r e  and may obscure c e r ta i n  cond i t i ns
which ~n i ! h t  o the rwi se  he de tec table  i f  inspected under  the normal  o p e r a t i n g
env i ronmen t  of t he  s t ruc tu re .

I t  1 import .~nt to note t h a t  the con di t ion of a dam depends on
numerous m d  co n s t a n t l y  changing i n ter n a l  and ex te rn a l cond i t i ons ,  and
i s  e v o l u t i o n ar y  in n a t u r e .  It would he incorrec t  to assume that  the
pre sen t  c on d it i on  of the dam wi l l  con t inue  to r ep re sent  the cond I ~on of
the  dam at. some poin t  in the  f u t u r e .  Only throug h f r e q u e n t  i n sp ’c t i o n s
can unsafe conditions be detected and only  throug h con t inued  care and
maintenance can these conditions be prevented or corrected .

Phase I i nspec t ions  are not in t ended  to provide detai led hy d ro log ic
and hy drau l ic analyses . in accordance wi th  the e s t ab l i shed  G u i d e l i n e s ,
th c  ip i llway desi gn flood is based on the es t ima ted  “Probable M ax imum
Flood” fo r  the reg ion (greates t  reasonably possible storm r u n o f f) ,  or
f r a t .ions t h e r e o f .  The spiliway design flood prov ides a measur e of
relative sp i l iway capaci ty  and serves as an aid in determining the need
for  more de tailed hydrologic and hydraul ic studies , considering the  size
of th e dam, its general condition and the downstream damage potential.
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PHA SE I
NAT IONAL DAN IN SI’ Cc i i  ON PROGRAM

B R I E F  ASS E S SN IE N I OF G I  N h : R A I  CON!) I T I ONS —-

Name of Dim: BEAR CREEK l AKE DAM , Nl)I NO. PA—006].

State & State No: PENNSYLVANIA , 13— 98

Cotrnty: CARBON 

~ C~
JI i ~~- C — ~~~t;

Str eam: REAR CREEK

Date of Inspection: June 19, 1979 A ~ ~ /
h i  ‘seth upon time v i stiil in sp e c t i o n , past  per forn ianci ’ iiirl the avail ii’ Ic
eng ineering data , the dam and its appurtenant structures appear to be in
fair condition.

In ic c ~r~t . m u c  e it Ii the Corps of Eng in’ ers ’ eva I u i I i o n  guidelines , the
si~ t classi fliat ion  of t h i s  dam is i n t e r m e d i a t e  and t h e  hazard  c i a ss i  fi—
i i  L i  n i  i s  hi ghm . l i me comb i ned spill way disc ha rge and reservoir storage
ca p .mci . t i ’ s  a rc  adequate to pass the P~hF (Probable ~1 ix i mun Flood ) peak
infl ow w i t h o ut  overtopp ing the dam. The spiliway capacity is considered
to he a d e q u a t e .

The following recommendations are made for action by tim e owner:

1. lii i I t h e  weed , brus h and simma 11 tree g r o wL  Ii on the slopes and
crest of the embankment be removed and that the slope sur faces
hi’ inspected for signs of seepage or other distress a f t e r  the
area is cleared .

2.  I h a t  ti m e bare areas on the embankment be seeded to pr event
erosion.

3. t hat the removal of grow th on t h e  d o w n s t r e am  slope be c~~tended
to ten feet downs t r eam from tim e toe of the slope to allow
(lose observation of the s e ep a ge  I n this area.

4. T Im i t re;’, i i t a r  o bse r vat i o n s  of Liii s(~c~)mg ’ rend it Ion along the
toe of the downstream embankment slope be made and recorded .
I c h inges in volume or cia r I t y ar e  n ot  ed , i nnmet l i at , ’  ic  I ion
shou ’j be taken to assess and remedy time condition .
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PHASE I I N S I l i  E l  m:~ REPOI1r
NATIONAL DAN I N SPE C T ION PROGRAM

BEA R CREI:K LAKE DAM

N I ) [ — 1 1 )  N O. PA— 0061O
DER—ID NO. 13—98

SECTI ON 1 — PROJECT INFORMATION

1.1 GENERAL

A. A u t h o r i ty

time Dam Inspection Act , Public Law 92—367 , authorized the
Secretary of ti m e Arm y , throug h the Corps of Engineers , to initiate a
program of inspections of dams throughout the United States.

B. PU!22S_

The purpose is to determine if the dam constitutes a hazard to
human life and property.

~ 1.2 D E S C R I P T I O N  OF PROJECT

A. Description of Dam and Appurtenances

~~~~~T1me Bear Creek Lake Dam is a zoned e a r th f i  11 dam having a clay
core and upstream clay blanket at the base of the embankment. l’iic
embankment length is 500 feet and its height is 35 feet above the stream—
bed. A concrete cutoff wall was installed over a distance of 200 feet
along the centerline of the embankment , refer to Appendix F, Plate V. This
wall extends from a minimum of three feet below the rock surface to five
feet above the rock surface. The outer shell of the embankment consists
of rolled select fill. A rock toe drain is provided at the downstream
toe of the embankment. This drain is founded on a 12—inch thick gravel
filt er. The upstream embankment slope is riprapped to a vertical distance
of 10 feet below the crest of the dam. Refer to Appendix F, Plate No~V ,
for typical plan and section.

Th e sp iliway is an uncontrolled concrete ogee section located
at the left abutment of the embankment. Time spiliway outlet channel
discharges directly to the natural stream. r i ’ ~~~~~

Al tho ugh tlmi design drawing indicates a p i pe diameter of 30
inches , the blowoff pipe , measured at the outlet structure, is a 24—inch
steel pi pe encased in concrete. The control structure is a concrete
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manhole which houses a 24— j u i j i  Dan . i u i ~~ i t  e v a l v e .  A second control.
gate was ins ta l l ed  sev er :m 1 v, ar m after t i m e  comp le t  i n t l  of the d a r n .  There
are no records or drawings ef  t h is mod If  I , : I t  ion . l i i i  o n l y  ev idence  of
its existence is time slop ing SI_ ti m which l)ro,ject s upward from tim e upstream
slope of the dam. Refer to Section 3.1 for additional description and
Appendix E, Plate No. E—I for photograp im of stem.

* 
it. out l e t  f o r  t i m e  b l o w o f f  p i pe i s  a co ni-r et  c endwal l  s, 

~ ion
described as a s t i l l i n g  b a s i n .  R e f e r  to A p p e n d i x  F , P la te  IV , for
details and App end ix F, Plate No. F—I l for p h o t o g r a p h s .

Th is f:icil itv is used for recreational purposes  by the surrounding
residential deve lopment .

B. Location: Penn Forest Township, Pennsy lvania
U.S.G .S. Quadrang le , Chnistmans , PA.
latitude: 40°—5 5 .l’, Long itude: 75°—40.7’
Refer to Appendix F, Plates I and II

C. Size Classification: Intermediate — Hei ght  35 fee t ,
3, 483 ac re—fee t .

D. Hazard Classification: H i g h .

E. Ow~~~~ iii : Bear Creek Lake, Inc.
Star  Route
J im Thorpe , Pennsylvania  18229

F. Pu 1pose: Recreation

G. De-si~ n and C o n s t r u c t i o n  History

Th is u r o i € c t  \..-as designed for t h m i  owner by th e Penn—Jersey
Eng ineering Coim~pany of Port land, Pennsylvania. Construction , by J.H.
Beers, Inc .  was sta r ted in June of 1964 and was comple ted in December of
that year. The permit for building the dam was issued by the Common-
wealth of Pennsylvania in April, 1964.

The initial p lan for the  embankment provided for an impervious
core w i t h  a c u t o f f  t r ench  in the foundation material. Excavation of
this area , however, req ui red the removal of considerable amounts of wet ,
mucky material to the bedrock surface. This condition required a modifi-
cation to the plans. Instead of a clay filled cutoff trench, a concrete
cutoff wall was designed and constructed having its base at least three
feet below the rock surface and extending vertically five feet into the
clay core.

— 2 —
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R e f e r e n c e  to se t  I I - i ’ s - m i t  of i i  ~i -  t I et emi t m l  structure (immanhiole )
v - m s  made in one of the cti r lm-it r i z c t ion re~ie rts. i i i  r e p o r t  indicat ed that
there was no deflection in the out let p i pe and that L i i i  condition should
be observed close lv for fu rt h er movemmien t . S’ !b sem iu cnl  reports did not
refer to this condition indicating that t i m e  p roblem had stabilized.

l i t e  ru ~ i . i in d er  of t ime j)ro~ ect was constructed as designed.

Smi b - quent - requests -s r- c mad e in l ) e c & - m n b c r , 1965 , to draw the
r e ser v o i r  s - a t er  s t m r f m & -e down f o r  repairs amid in lt )b3 for dredg ing to
( T i 1  a r i ’ t h e  1 m k c  a r e a .  HR files do not c o n t a i n  any i n f o rm a t i o n  as to
t i m - details of ei ihmt- r oi)eration. ri t e owner did report that the lake was
d r - m s - m i dow n s~- ver : I  1 v i - a t ~s a f t e r  t i m e  - o cnp l et ion  of cous t  ru c t i on  and a t
t h a t  t im ~i - , t i m e  upst rczm nm ~~~- i t~~~

- v i  iii time sloped stem control  was ins talled
on t i m e  i n tak e  to t ime  b l o w o f f  p ipe .

11. Nornial~~p -rn t lug Procedures

Iii Bear r. -ek Lake l)am ~s;is desi gned spec i f i t -al  l.y fo r  recrea t—
tonal p it r ios s to  cr y ’-  t i m e  develop ing r s i d en t  ial c o m m u n i t y .  As such ,
there i s  no regular o p e r a t i o n  of the fac i i  l I _ v  e x c e p t  to maintain t i t e
lake water  su r f a c e  level  as n e a r l y  u n i f o r m  as possible . Controls for
ope r a t  ion i n c l u d e  t i m e  2 4 — i n c h  gate va lve  in thic m an hci e type control
s t r u c t u r e  and t i m e  u p s t r e a m  s l i de  g a t e  on the  inlet p i pe. The controls
have not been opened or operated since 1967.

1.3  P E R T J N L N T  DATA

A. D r a i n a g e  Area (square  mi les)

I- y s.i files: 2.0
Computed for  t imis  r epo r t :  1.9

Use :  1.9

B. Discharge  at Dam Site (cubic feet  per second)
See Appendix C for hydraulic calculations

M aximum known flood for this  si te (occurr ed on
June 22 , 1972)

Outlet works low—pool outlet at pool Elev . 1,485 46

Oim t i - t  works at pool level Elev . 1,505
(sp iliway crest)  93

Warm—wa ter outlet No n e

Sp i l iw imy  capaci ty  at pool Elev. 1510.8 (top of
dam, low point) 2 , 440

—- 
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C . Elevation (feet c ave at i l l  - - - i  l e v e l , I

Top of darn , de s i gn d a t um  = ~~~~ L . S . G .S .  1 . 511

iop of d im , low im I i t t  I , 510.8
Sp i l l w m m v  cr e st  desi gn lit  urn = 23 1 . S. ( . S. 1, 505

~~~ re t - i ,  ;~~ r- t a 1  i m m v ~- rt a i u t i t  ) 1 ,476

) i w m i c t  r ea m p o r ta l  in v e r t  (uhout ) 1 , -~75. 5

Sire irn t i -d at d o wn s t r e a m  t oe  — est  im n a t e  I • ~75.  5

~ . i x  j m is: L i  I lwat - i  (est imita ted) 1 ,485

Li. ~~*; rvej,- ( m m i i  e s )
Len~zt ii of norma l pool

Len t it of max i mu m pool 0. 90

k;. S t o r u e  ( m e r e — f i t  )

S~~i l lw ay  c res t  (E lev . l5 O~~) 2 , 600 
*

Top of dam (E l ev.  1511) 3,483

1’ . se - 1-r v o ir  Su n l m :e (acres)

E e l  ci dam (Elcv .  1511) — e s t i m a te  168

Sp i l lw a v  c res t  (Elev . 1505 ) 130

( ; . 1)-m m ( R e f e r  to l ’late l i i  th rough  V , App end ix  F for  section
and p l a n )

Type: Earthfill with upstream rock riprap.

L e n g t h :  500 feet.

h ei ght: 35 feet from streambed at toe.

Top W i d t h : 16 f e e t  (desi g n) .
19 feet  (survey, A pp endix A , Plate A—Il).

Design Side Slopes: Upstream 2.5H to 1V
Downstream 2H to IV

S
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niug: Cl iv c t - . - * - - 1  r - i - m — - - i - - I 1 1 1 , d o w n st r e r :m — r a n d o m :
t~ i l l

( t u f t :  8 t -  - m ls - tt ::i .id 1 i i  - c i i , 8 i t  l i ght concrete
i- o re  s i l  I 2 ’) u  i -  t l u n g .  ~, - t e r  1 A ; : m i ! i x  F , P l a t e  V .

- r i m jug :

‘i i: ~~- - F

ii i - . —  l i t hi  h b - -’ t  I 1 i - -  i i i i - r  ern~~ - i : m s : - : - I  c o n t r o l l - j  I ’ .- 1 24—
i i i  : ‘ - - v i  I - I - m t  -d i t  H - I _ t i : : :  I I  c m i i i t m i n i s ,  i t  I ~ I c it

- :  r -  - : : m of i i t  c i  l i l t  ii ’ - t : m - . i  1~ - - i i  , i i i  a lop i nc  ~ 1 m  m e
I t  b c - i L - a  m m m G - - t m -aiim -

~~~ p i pe. l os - mi t r i - m r out b i t s  i nt o
2 1) i t t  :-~ f t t  Li m m i C t - - i s  i : m  t u t u  i n t o  r i p r a p p e d  S I _ r e a r m
C tm W t l t  1

I. - i  I l - s - i

t i - m u t t  r o l l  I r - i n f m i r ~ d c u r t -  : 51 1 f i e d  c c - - -~s - i r  and
m m i i : :  I m i t  j~~~ i - t i m - l e f t  h i t i k  m l  j o - n t  10 t m -  l i f t  -n d  of t h e

- : m t  . h R  ss- i r i n t l  i ; i s t r t - um:m t i l l of channel  are hounded
b .  v- - i t i c i  1 t on e  r t - t e  S m  1 1’ .

a ;  s~ i r :  i f - i t s i t u  v - r t i  i i  r e i n f o rc e d  concr  c-
‘ i l l  - .

i - I i- va t i ~m t : I i

r~ u : i  c m .  : m m m - l ;  F l u - s i V F  t H i - . - w e - j r  i s  e - :irried in a r c - c t —
m o - u  I i i  si t ; 1 , c - i n :  ‘i -i cone r I  c h a nn e l  1 d i s t a n c e  of

I )  f t - e t .  m o e  c h u m - I  - 5-i d th is a - u t  ant 45 f e e t .

- - .-mo l ~ t ime c - s i r - t i -  - i t t - i s a  t r : i p t - :eidal r i p r ap p ed
- : mm :i 1 ext i~~~~~~i [n t  t o  t l i t - : i :m t u r a l  5 1 1 - - : - : channel. Time fir~ t
I m d 1 -et of ti m e i i ; r m p  -~

- i n  u - m i t  eel a - - r d  I T i m ’  to the  d e s i t n
;) H m mi . F i i i s  Sas  m a t  O h ~ t rVe-J durin g Lim i t ; inspection.

J. i - - y  m 1 l i i i  g O u t l e ts

Sc-i Set  L i o n  l . 3 . t m .
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SECTION 2 — E N G I N E E R I N G  DATi\

2.1 DESIGN

The eng in e e r i n g  data  for  t h is f ac i l i t y  inc ludes  design drawings ,
hydrologic and hy d r a u l i c  c a l c u l a t i o ns , seepage m i r i a l v s e s , and st r u c t u r a l
s t a b il i t y  e : i l c u i a t i o m m s .  l e s t  imol e  i n f o r m a t i o n  is inc luded  on t h e  desi gn
d r a w in ’s  and l a b o rat o r y  soil compaction test information is in the
PennDEk fi l e s .  Time d i em -k  lis t  of e n g i nee r i n g  da ta  is  in c luded  in A ppendix
B of this report and selected design drawings are presented in Appendix
F.

2 . 2  CONST RUCTiON

Information regarding tim e eormstructio tm of t h e dam is contained in
t im e  i n spec t ion  repor t s  of the Comm onweal t im.  Tim ese r epor t s  conta in  the

ehm scr  ipt ion of progress  and cond i t ions  at  t ime ij imm e of each inspection .
P er i o d i c  progress  r e p o r t s , indicating percent  comp le t  ion of major i t ems
o work were s u b m i t t e d  to PennDER by the owner ’s eng ineer .  These reports
are also itt the f i l es .

l i i i  c o n s t r u c t io n  in formation  indicated one m o d i f i c a t i o n  which
inc luded  time i ns ta l la t ion of a concrete core wall  in place of the
designed clay f i l led  cu to f f  t r ench .

2 . 3  OPERAT I ON

There are rio operation or main tenance  records  in the  Pen r mDER f il e s
nor with time owner. The dam is used for recreational purposes and is
regu la ted  om m l~ by the natural  inflow to ti-m e reservoir and the outflow
over the  spiliway.

Time reservo ir is the headwate.rs for Boar Creek. Numerous natural
spr ings  in  the reservoir area prov ide time major  water supp ly for t he
lake .  There is no indicat ion of regular  operat ion of the outlet (blowoff)
f ac i l i t y  or maintenance of the embankment.

- 

2.4 EVALUATION

A. Avai labi l i ty

S u f f i c i e n t  engineering in fo rma t ion  is avai lable  to assess the
cond i t ion  of t h i s  dam For the  purpose of this inspection. All data is
available f rom the PennDER f i les .

— 6 —
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B. Adequacy

The engineering data is considered sufficiently adequate to
evaluate the condi tion of this dam and its engineering stability.

C. Operating Records

Forma l operating records were not found and indications are
that an operat ion plan is nonexistant . The regulation of the outlet
controls and the  maintenance of time embankment apparently are conducted
on an as required basis.

D. Post C o n st r u c t i o n  Ci~~~~~ s

L Time only post construction change of record (oral, not written)r is time previously described addition of a slide gate on the upstream
entrance to the blowoff pi pe. The size, dimensions or other details of
this addition are unknown .
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SECTION 3 — v ISLA1 I NSl ’ l -~C l  I u~

3.1 FINDINGS

A. General

h i m  c - l i  - r m  I ;mi)pe;mrance of time Rear Cr eek  l a k e  Darn is fmu hr.
This  i m p r e s s  ion is based upon t iii i m e avy  g r o w t i m  omm both t ime  ups t ream and
dow t m s t r e amn  sl o p es  amid t i m e  r u s ty  c o n d i t  io i m of t i m e  exposed slide g a t e
c o n t ro l ,  l i m e  e - o m m c r t t e  sp jllwav and out l e t  ch u te are iii good condition.
Time v i  sent 1 1 ib i d - c t  ion c lm et - I-m l i s t  is iim A ppen d i x A of t i m  i s  r epo r t .  Photo-
g raphs  t a k e n  dur  ing t ime i n s p e c t  ion mi re -  r eproduced in A ppendix F .

B. Eimm h ari km eii t

The V i su ta l  i n s p e c t  ion d i d  not  rev -mu ! m m i v  ~~t r u c t u r al  d i s t r e s s
of t he e m h a n k m e t m t  . l i m e  re w a ;  no cv i den t - c ci I s i mm g i m - -i , I ides or e ~cess ive
set t lement  . The upst cs - a i m ,  si opc , des I gued - t o 2 . 5i i  t i  1V • was measured  by
survey  as 2 .  7 11 to lv , and t ime downm-el r eanm s lope , mic -~ I gued as 2 11 to  I V ,
i;as measured as 2.2 11 to lv.

The dow u m s t re ;mnm s lope ;~- :m cove ’ red w I t l i  m m  m v  V gr owt ii n f  weeds ,
brnsim anti sonic s m a ll  t r ees . C lose i m i m e p e c t  ion of I i i i  s lo p e  d i d  ~m o t
r evea l  any  s i g m m s  of  seep t ; te . flue up~ tr ean m s lope i s  f a d  w i t h  - u 2 .  5
foo t  lay e r  of r ip r a p .  ‘l’im is  s u r f u m e e  was a t  i-s i c ov e - r i d w R i m  mm I m eav v growth
of s-t e d s and b r i j s l m .  The s u rf a c e  of t im e c rest  of t ime  embankmen t  con ta ins
moderate weed gr o w t h  near  t lie up s t r e a m  amid dow -mi st r e ,uni  edges and b a r e
f o o t p a t h  cover ing  the  ma in por t  ion of the  top.  A woe den fence  ue - t t ion
is located at t i m e  r i ght  end of t u e  darn to p revent  v e im i c u l a r  t r a f f i c -  on
t i m e  dam. A h i k e  I _ r i !  I , v im ic i m h a s  comple te ly  worn uis - mm v the veget  it  i c e -
cover , traverses ti-me downstream slope from top to bottom near the left
a b u t m e n t .

Seepa~ti- was noted at l ime downs t r eam toe and beyond at  several
i o c ;m t  ions .  At one l oc a t i o n , near t i m e o u t l e t  s t r u c t u re , time wa te r  - m s m i s
S t a g n a n t  w i t h  no apparent  f l o w,  t i m e  ground sur f ; i e ’e , beneath  the water ,
was rus t  colored . A second l oca t i on , near t i m e r i g ht  abutment , was
a ct u a l l y  f lowing.  The d i  scharge p o i n t  was ri ght  at t ime toe and t ime
source  appear ed  to he henea tim the embankment .  Here , again , the bo t tom
was rust colored , but time water was clear.

Recalli ng that LI: - cu to f f  excav a t ion  dur ing constructio n
e m m c o u n t c r c d  cons iderab le  am , - t i n t s  of wet muck y m a t e r i a l  in ti m e founda t ion
utrea and I_ hat t h e ’  c u t o f f  f eat u r e  im ad to he ’ changed t im a concrete cemtoff
wall  in order to control ti me water from ti -me springs at this location ,
and that  the pr i nto source of water , su pp ly i n g  t i t t ’  reservoir  is nuimie ro mis
springs , it is most probable t ha t  this  water , seep ing from below time toe
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of ti-me dam, is coming from springs ratimor timarm throug h the dam. Time
scattered sources of seepage along t he  toe did not pe rumi t  an es t imate  of
the volume flow. However , at a point approximatel y 50 feet downst ream
from time toe, where memch of the flow converged and dis c harged into the
blowoff outlet cimannel , time combined flow was estimated at about 50
gallons per minute.

One h ole was observed in the embankment ad jacent  to the right
sp illway channel wall. This hole is about three feet by six feet in
area and about  t im r e e  f e e t  deep. Large stones were noted in this hole.
Timis condition si-mould be repaired to prevent further erosion.

C. ~ pp u rt enant  S t r u c t u r e s

The appur t enan t  s t ru c t u r e s  fo r  this dam include the uncontrolled
ogee shaped concrete sp li tway and sp iliway channel and the outlet structure
for t ime blowoff pipe.

The uncontrolled ogee spillway section was observed to be in
ve ry  good condi t ion . The approach to time sp illway is di rectly  f rom ti -me
reservoir and is unobstructed . Time deptim of the water , on the upstream
side of ti -me weir , was 2.3 feet. Water was just flowing over the crest
at the  t ime of t h i s  inspect ion.  The concrete lined out le t  channel , from
time ogee sp il lway  to  i ts terminus  is also in good condition . The slopes
amid walls  d id  not show any signs of dis tress .  The na tura l  channel ,
downstream f r o m  ti -me slab , is unobs t ruc ted  with a rock y bottom and short
slopes. Trees and brush cover the overbanks.

The control stru cture for the blowoff p ipe is a precast concrete
manimole. This structure is situated just upstream from the upstream
edge of ti -me embankment crest .  Time outs ide appearance of this un i t  is
good. Time owner indicated tha t  t i -mere was no one available to open or
operate ti -me valve at th is  t in-me ; t he re fo re , ti -me inside of the  s t ruc tu re
and time valve could not he inspected . A sloped stem for  the control of
an UpStr P; i i f l  slide gate was observed projecting from tu e upstream slope
at the  water ’s ed ge. Ti-me owner indicated ti-mat this gate was installed
several years af ter  ti -me completion of ti -me dam wi -men t i - me lake was drawn
down for repairs. This control was also not operated at the time of
this inspection. The stem is In a very rusted condition .

The biowoff p ipe is noted on the desi gn drawings as a 30—inch
diameter concrete encased steel pipe with cutoff collars on 20—foot
centers along the pipe. This pipe was measured as 24 inches at the
outlet structure . Time outlet structure is a rectangular concrete
stilling basin 20 feet in length and six feet wide. ibis structure
discharges to a narrow shallow channel which is partially f illed wi t h
weed growth , in d i c a t i n g  no recent f low t imroug h the c h a n n el .  Tim er o was
no flow from the outlet at the time of this inspection.
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D. Reservoir  Area

l ime r e se rvo i r  j i m  u s e d  f o r  recre-i t ioima l purposes .  Time lake ’
simores f e a t u r e  wood l ands , sand b eichics , boat docks and some lawns am i d
grassed areas wit h gentle -

~ I i i p i - s  t oward t ime  lake . l-~i - s  ident s  of t h i s
devolopnment have use of time entire area. Sedimentation has not been
r epor ted  as a p r o b l e m .

E. I) o wn st r e a m  Channel

A-s noted e a r l i e r , t h e  Bear Creek Like Dammm fo r m n s  t ime imca dwa te r s
for Bear C r e e k .  l i m e  d i s c l m a r g e  f ro n m t h u s area f l o w s  in a wester ly  d i r e c t i o n
in  mm n a r r o w  s t r e a m  c h a n n e l  w i t - h a w ide  o v e - r h a n k  flood p l a i n  area.  Tim e
overbankr- are comimpos e d r i m i e f l y  of bru s im and trees . Several farm buildings
and o n -  res ident - c are located  in time f lood p l a i n  of Bear Creek w i t h in
2 , 000 f eet  c f  t i me  damn , i t  is i - s t  i mnate d that about five persons would be
en dam mg e-r e -d in t he  event of a darn f a i l u r e .  The hazard c lass i f ica t ion,
t h e r e f o r e , is “ hl i g im ” for this dam.

3.2 l- :vALI :A [ION

In t i m e  absence of evidence  of major  d is t ress  on t ime  emb ankmmme nt ,
sp iliway and outlet control structures the dam is jud ged to be in a
stable condition.

Timere is need for maintenance work on ti-me embanknment and for the
operation of the outlet controls on a regular schedule.

Maim -m t em ma n c e  needs on the  embankment include the  removal of trees ,
brush  and heavy weed growth from the slopes , the repair  of t ime hole
beh ind  ti -me left spillway outlet wall , seeding of time bare spots on time
downs t r eam slope and on the crest of time dam. Time weed growth should be
removed to a d i s tance  of ten f ee t  downst ream fro nm time toe so that all
t ime  seepage f rom the toe area can be readi l y observed . The seepage
cond i t ion  should he examined on a regular  basis for time appearance of
sediment or cloud y water or a cimange in flow volume . If such changes
are noted , immediate action simould he taken by t i -me owner , t imroug im a
pro f e s s iona l  eng ineer experienced in dam desi gn , to assess and remedy
the condition .

TI-me condition of time control valve and slide gate and time
a b i l i t y  to operate these devices was not established during this in-
spection. A program should he developed for the operation of these
controls at least once each year.
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SECTION -~ — OPERA I I  1NAI ,  1 R O C 1 P V E i - S

4 . 1  PROCEDURES

TIme Bear Cree k Lake fl:utum i s  mus ed as mm r e cr c , ut  I on ;m 1. f a c  l i l t  v f o r  an
;md l o in [m m g res i i le m mt 1m m 1 d i v  1 op n m cnt  . l i m e  - ; i ; m re - c of water for  timi ’  lak e is
numer ous  n ; m t e i t m l  s l i r  i i i - - ;  m u m  i m e l ake  hot  t o i m m  and t i me  tmo rm mual  r u n o f f  f r o m
time surrounding two square mmmi Ic dr im im m ; mge  a r~ a .

(km i f  low freon t h e  rest  rv o h r  is  ( V e t the  nut -o ut  m m c l  l ed 4 5 — f e e t  long
cone - ret e eg i m~c I 11 way • inc r r l i e  v d m :ms- io w m m  • m p m u h c  i h i t  v is provided for
t h m r o u g i m mm 2 -~— m c ii d i — m mn - t c r i-o ne is- e c i t e  muse d s tee l  p i pe .  Time p i pe h m m i s
one u( i i t  r - m l : m  c o n t r o l ;mni l m -mee -~~m i~l com iC reul l i i  mi m ; m m u u m h m o l e  structure located
oem i t i m e  c en t e r  of Lime e m ; m i m , m i i k n m e m -m t . lhut’ so co m m t  ro I s  have not been operated
s in t e I 9h 7 .  R e f e r  to A p p e n d i x  F , P l a t e  No. IV for drawing and Appendix
F , P late  No. F —I  f o r  p imot ogr ap h m s.

4 .2  MAI~ l~Nm\ ~ CE OF DA~1

Time m m  in C e n m m n c e  of lim e d ;mmn involve i-i t h e  c o O t  m l  of growl im on t lie
s l opes . ri’pa i r s  to the embankment i ) c hm m d  the  wa lls  am -md s e e d i n g  h i r e
spot s  to con t rol  e ro s ion .  As de s c r i b e d  ear l ier , ti -mere ’ is need for
mn a in t i’nancc care in each of t ime se a reas .

4 . 3  ~‘tA IN i l-NA N CE OF OPER AT IN G __F A C I L I T I E S

‘flue ;mc I_ em i l com di t i omm of t ime  opo r ;m C i ng f ; m e  [11 1 I d O  of time dammm vms not
observed t h u  r in~ t h i s  imispect  ion.  i’ime owner was u m n a i c l e  to have pci- sonmw l
a v a i l a b l e  to op cm t i m e  manimo Ic or opera t e  t i m c  c o n t r ol s .  He did report
t hat  [ l i e  - on t r o l s  have not been opera ted  5 l0e -C I 9 t 7 .  A regular  sc imedule
of opera t ion  should be developed for  these  con t ro l s .

4 . 4  WARNING SYST EN

There i s  no fo rma l ly  org aniz ed surv eillance i- mr down stream warning
sy st enm in opera t ion  at th i s  f a c i l i t y .

4. 3 I- VALUA ’i ’ION

0mm t hm e has is of t i - me  ob serv ;mt ions made during tim i inspect Ion and
tim f e r m i t ion ob t a i n e d  in d i scu s s  [ou t s  w [ t i m  the  owner , there is no ph .mnned
o p t - r u  I iomii  1 sc ime t hu  i t  for th is darn . There is mm need for m a i n t en a n c e ’ and
ri-p m Ic of t ime e mm m b d mnk rn cm m t s u r f a c e s  and t ime ’  ga tes  s imo ul d  be operated to
assure  t h e i r  use in time event of an em er gcm mcy .
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SEc’r ION - HYDROLO GY ] h Y D R A U L I C S

5 . 1 EVALUATION OF FEATURES

A. Desi gn Data

Time hy i l r o l o e i c  and h y d r a u l i c  a nal y s i s  a v a i l a b l e  from I’cnal ER
for  Bea m - Creek Lake Dam was not very  extensive . No dc - s i gn s torm data ,
u n i t  i m y d r o gr a p li or f r e q uen c y  curve were con ta i m m e d  in the files. The
files d i d  con ta in  a p a r t i a l  st age—sto rage  curve , spi l iway  ra t ing  curve ,
m m t r i a n g u la r  hy d rog r aph  for  a 100 ye — i r sto rm and a rou t ing  of t h a t  s torm
t i m r o u g h  t i m e  r e se rvo i r .  ‘ h u e  desi gners computa t ions  for sizing the sp il l—
way were also in the files.

Time project was designed to pass a “C” curve discharge of
2,480 cfs.

B. Ex~ crience  Data

Ai - c o r d i m m g  to r e p r e s e n tat i v e s  c-mI t i m e  owners of ti -me dam , Li m e
g r e a t e s t  f l o w  s ince conip le t  ic -mn of the dam occurred in 1972 when the
dep t h  of f low over ti -me sp i l iway  weir was 8 inches. The project passed
tha t small rise wi thout  any damage .

C. Visual  Observations

On t i m e  da te  of t ime  i n s p e c t i o n , no concH Lion s  were observed
hat would  m d  i c a te  that  the appu r t enan t  s tr u c t u r e s  of t ime dam c o u l d  not

opera te satisfa ctori ly  dur i ng a f lood event , un t i l  the dam is overtopped .

D. ~~ cr~~ pj~~r i P ~~ cpçia1

Re-ar Creek Lake Dam has a t o t a l  s torage c a p a c i t y  of 3 ,483
acre—f m’i ~~t and an overall imelg lm t of 35 f eet  above strcamnbed , botim re fer—
i- nm - i -cl to time top of time dam. These dimensions i n d i cat e  a s i ze  c l . u s s i f i —
cat it-mn of “Intermediate”. The hazard classification is “Ri ght ” (see
Section 3.l.E).

Fl i t ’  r ecommended Sp i llway Design El cod (SIll ) for a dam h m i ~- ing
t ime ’  al-move classificati ons Is time full Probable Maximum Flood (PN F ) .  For
t h i s darn, the PMF peak Inflow Is 3,563 cfs. See App endix C for  In f l o w
comptttat ions.

Compar i son  of the estimated P MF peak m l  low of 3,563 cfs wi th
t h e  e - - - ~~imat ed spiliwa y discharge capac i ty of 2 , 440 c fs  ind icates that a
potential for  overtopp ing of the Bear Creek Like Dam does e x i s t .  hiow.-vc -r ,
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mmii  est Inmate of t im e  s torage e f f e c t of time rese rvo i r  and rou t ing  of the
computed i n f l o w  imy d rograp lm t h r o u g h t i m e  r e ser v o i r  sh ows t ha t  this dam I m as
the necessary storage available to pass time full PMF w i t h o u t  overtopp ing.

E. p iliwa ~~~~~~~~~

Ci leu lat iomm s simow Lim it t i m e  sp illway carries the full PMF with
about 0.1 foo t  of freeboard on the basis of the low point on the damn .

Since the spiliway and storage is adequate to handle the full
PMF w i t h o u t  ove r topp ing ,  it is jud ged to be adequa te .

TIm e- hydro log ic  analysis  fo r  t i - m is  i nves t iga t ion  was based upon
e x i s t i n g  c o i m d i t i o n s  of 11e watersimed . Time effects of future development
were not considered.
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SECTION 6 — STRUCTI RAL SiAilI Ltt~m

6.1 EVALUATION OF STRUC rURA L STABILITY

A. Visual  Observa t ions

1. Embankment

Tim e- r e  were no m d  [cat iou -ms of en mbanknm en i i n s ta b i l i t y  or
distress as a result of the visual inspection. Ihe  surveyed p ro f i l e  and
cross s e c t i o n s  show t ime cr es t  e l e v a t i o n  above t i m e  desi gn elevat ion  of
1511.0 over the length of the dam except just behind the  spil lway wall
w imere  t h e r e  is a d i f f e r e n c e  of 0.2 foot (1510.8). u~efer to Append ix A,Pla tes  A—I am - m d A t 1. The eroded su r f a c e  at the  b ike  t r a i l  needs to be
seeded . It does not a f f e c t  the s t a b i l i t y  of the embankment .

The seepage observed d u r i n g  the  v i scm a l  inspect ion appears
to F ee coming  f ron t  spr ings  under  t ime  embanknment r a t h e r  t h a n  throug h t ime
e m b a n k m e n t .  Th is condition si-mould not cause any s t a b i l i t y  problems for
time structure. It should , however , be observed on a regular bas is.

Time embankmen t  slopes , as measured in t ime f ield , were
2.711 to lv on the upstream side and 2.21-1 to  1V on time downstream side.
These slopes ~-mre sligh t l y  f l a t t e r  than  the  desi gn slopes. There were no
s loughs , s l ides  or cracks observed in these areas. On the basis of these
obs erva t ions, the’ embankment slopes are judged to be stable.

2. Appurtenant Structures

Ti m e a p p u r t e n a n t  s t ruc tu re s  for ti-mis facility include the
uncontrolled sp illwmmy and its outlet channel and the intake structure,
slide gate , gate valve and out le t  p ipe.

Time spiliway, sp iliway outl et channel and walls all
appear  to be in s tab le  cond i t i on .  Ti-mere is no indicat ion of major
crack ing  of the concrete and the wal ls  show no evidence of t i l t i ng. At

- 
or-me location on tIme downstream slope , adjacent  to the  righ t spillway
out le t  channel wal l , there is a hole j im the embankment .  This hole is
about three  fee t  by six f ee t  in area and approx imately  three feet  in
dep t i -m .  T i - m i s  imoli - has not caused any distress to the  wall , but should be
repaired to prevent any f u t u r e  problems.

The operating valve and gate’ could not be observed due to
the  ups t r eam slide gate being submerged and the valve being in the
m a n h o l e  s t r u c t u r e  which was not opened . Regarding stability of the
in t ak e  s t ru c tu r e  imom is  ing the control valve , t ime  cons t ruct ion  ln ~ pec- t ion
report  Indicated a sett lement problem wi th  this s t ructure .  Since these
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c ont r o  Is have not been o p e m - m i e d  s i  ice I 967 , t i m  I s  s t r u m c  t m r e  s imoul d  iit ~

examined ins ide to dot er~ i n  - w i m e t i m e r  ot i ie ’t  i e Ij  i t  I on :m I set I lemeimt  I m a s
occurred mind if so wh at  e f f e c t  t h is  m a -.- imav e ’ on t i m e  behavior  of t i m e
o u tle t  p ipe. Both con t ro l s  should be checked for  oper ,- i t ion  at t h i s
t ime.

flu e o u t  ic - - t ru- Lu re • mi t  t im e ’ t oe ’ of t i l e - downstream embank-
ment slope mmppea r e d  to Fit S in sound mmd stable cond it ion .

II. D e s i gn and omm ~ t ruct1on Datm

~m e ’ Pe n n i ) i - R f t  I es i nc l u d e  sket  e ’ime s am - mel c i i  cu l it  ions f o r  t i m e
st mb j i l t  v of th e  sp i t  lc~smv and wa I i s  Inc  I cud ir m g se- c -page up i i f  t com mm pu la t  ions.

Ce ce r e c or d s  a iso I n c  lode ’ h m v d r a u l  I c  c a l e e m  t a t  Ions fo r  t i - me desi gn of the
~ i i  lwav  amid ou t  l et  f — m e  i i i  t ies . Th ese- d a t a  i nd i c a t e  t i - m a t  t h e  s t r u c t u r a l

c1e ’si~~n of t i m e  sp i l l w m m y , w a l l s  and ou t l e t  facilities Is adequate. There
was no sloj -me st a b i l i t y  a n a ly s i s  in  t i m e  f i l e s .

U

Inspe ’c I ion r e p o r t s  by Penn 1)i-~R chit ing timo e ’i e ! i z t ruct iOn pc-I- iod
i re  icr t ime  f i l e -  dc ’scr lb lug  progresn , pr oblemn s  mind mod i fications mmm dc to
I i m ’  ~i m:: ~ . fli t ’ m a j o r  c lm a mmg e nm mm de dur  i m m g  cons I ruc L ion  s- -m s t ime use of m m
conc rete  c u t o f f  w~il1 ins tead  of t i e  desi gned soi l  f i l le ’d cu to f f  t r ench .

C. Op e r a t i ng  Reco rds

l i m e  Pennh ) E R I i  lec s d id  not  conta  it t  any i n f o r m m i t ion rega rd  tm - mg
t Ime ’ opt -r a t  ion of t h i s  f z m c i l  i t y .  It  is  used as a recreational lake by
the a dj a c e n t  r esidt ’nt ial  deve lopment .  h u e  owner d i d  not  have arm ’,- sue’h

- 

‘ 
re-cords  on file . I t  was r e p o r t e d  t i -mat  t i m e  1972 s to rm caused a f low of
between s is  anti ei ght inc ime s  over t ime spi l iway ; also , ti -mat  the out le t
controls h ave not been operated since 1967.

I) . Post C om i st r u c t  Lou Chan ~g~ s

Time o n l y  i)ost cons t ruc t  ion change noted was time installation
of a slide g at e  comit ro l  on t ime cmps t r ea m in take  s t r u c t u r e .  Timis m n o d i f i —
cat  ion was made wi -men t ime reservoir  was drawn down for repa irs several
v~-ars a f t e r  t i m e  darn was completed . Ti -me reason fo r  t h i s  added cont ro l
was not identified. Also, there are no records or plans of this install-
a t i o n .

E. Se ismic__Stab  i i  it 1

The dam is l o c at e d  in Seismic Zone I and i t  is considered that
the  O t m i t  he  s t ab i l i t y  w i t h  norma l safety fmm ctors i s  s u f f i c i e n t  to wi th—
stand minor ear thquake Induced d ynamic  forces. No calculations or
s tudies  have been made to conf i rm th i s .
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SEC’rI ON 7 — ASSESS M ENT & Rl - ;Cc~-i~-ii :~bA I I

7.1 DAM ASSESSME~ ’f

A. Sa fe ty

m~~ - v i  s u m ]  i m i s p e e - t ion , t h e’ r ev i ew of t I m e  d e s i ~~n d rawings  mind
t i - me h i s t o r i c a l  r e -c ords  of t ime  d e v e iop mm memi t of t h m i s  darn i nd ica te s  t hat  the
darn is in f ; m i r  c o n d i t i o n .  T i m i s  r a t i n g  is based upon the  main tenance  and
repa i r  needs, t h e  sc - e p m g e  c o n d i t i o n  at t ime toe of the embankment , and
the absence of regular  opera t ion  of t ime ou t l e t  con t ro l s .

In mmccorda u c e -  w i t i i  t he  Corp s of Eng ineer s  evalua t ion  guide-
l ine s , t i m e  sp i I i s ’u v  and r e s e r v o i r  s t o r m m g e  capac i t i es  are capable of
p a s s i n g  t ime f u l l  P - iF ~ w i t h o u t  overtopp ing the darn. Time sp illway is ,
t h e r e f o r e , considered to be adequate .

l~. i\d~~~cmac v o f  Information

Time t ’m ig i i i e - e r in g  i n f o r mat i o n , c c er r - sp on d e n c e  and records thmat
m i re-  a v a i l a b l e  in the PounD ER f l i t - s  are  considered to be adequa t e  fo r
m a k i n g  a reasonable assessment of the overall condition of the dam.

C. Urgency

The recommendations presented below should be implemented
wi thou t  delay.

D. Neces s i t y  for  Addi t iona l  Studies

Additional studies are not required at t i -mis  time .

7 .2 RECO1-~’tENDA’L’IONS

In order to assure the continued satisfactory operation of the dam,
the following recommendations are presented for implementation by the
owner:

A. Facilities

1. Timat the weed , brush and small t ree growth on the slopes
and crest of the embankment he removed and that  t ime slope
sur face  be inspected for  signs of seepage or other distress
a f t e r  the area is cleared .

2. Ti - mm - m t the  bare areas on the embankment be seeded to prevent
erosion.

— 16 —
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3. l ’imat t ime  rem o val  of g r o w t i m  on t i m e  d o w m m c t  ream slope be’
extended t o  t en  I c i t  d o w i m s t r e a m m m  I roum t i m e  toe of t h e ’ s lope
to allow close o i , s e - rv at io m m of t i m e  se - p;I~ c- in this area.

4. That regular obse- r v;m t iom is of t i m e - se - c - icm~ c condition along
t ime  toe of t it- c i o w m i s L  r eam e ’rn i ) a nk nmc- Imt  ci m)i)e be mad e- and
re - c or d e d . I f  c imang e s  ir m volume or c l a r i t y  a r e  n o t m ’d
i mmiumme - c i  j u t e -  a c t i o n  si-mould be t aken  to m m s s c s s  and remedy  the
coccetit ion .

~~
. ‘fh m m t t ime ’  co n t r o l  s t r u c t m m r e  be? i f l -spc ’c - t e ’d and examined  fo r

pipe ii i~ umm m e ’mtt and sot tlement m ind t i m m m t  L ime c on t ro l  valve
in  t i m e  s t r u c t u r e  mind t ime  s lop ing ga te  on t i e  up st r c - amn
i n t a k e  s t r u c t u r e  he operated to assure their use in the
event of an emergency.

h. T i m : mt  t i m e  h o le  ad j acen t  to l ime r i gh t  sp i l iway out le t
chann e l  wall  i)e c lea r -med  and b m:c ckf i l l ed .

B. Oj~c r a t i o n  and Na in tenance Proc eehur cs

1. Tiu m m t an mmnnua l pr ogram of slope ma in t enance  be developed
and put  in to  e f f e c t .

2. l i m i t  a form — m i s u r v e i l l a n ce  and do wns t r e mm nm warning  sys tem
he develop ed to be used dur ing per iod s of im eavy or
prolonged rainfall.

-17 -
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Crm LCK L I S T

I -~
-‘ I S’JAL I I I S I E C T  I ON R E P O R T

PA p L~- :  1 3 — O S  ~O I N O . ~i~-oo 610 
-

N A M E  C F  ~~~~~ s, m r ’ r - - e - k I a - e- Dam I m A L - P D  LA~ [ GO P~ Hi gh 
- _____

T [ OF D/,’t - e m -  h - h  m m ~ me - m i

L-i~~A T  I H - ~ m h scm r~-s t  1 LJ ~m ’~Hj P  L m m r l u e n I J u i S T Y , P E N  C ’ L ] / e N I A

ftS P E C T ~ ‘ 
~)A I L  e j ’ j i/ 7  - [ A T C [ F  S em um mr: , \-A m rr u 1 ~t P E R A T U R E  70 ’ s

IN SP ECTORS : R. y 5 ~~~e : m I  ( R e c o r d e r )  O W N E R ’ S  R E P R E S E N T A T I V E ( s )

h i .  lonc ~simm m lol mmm Wa rm - u

t - u  I. -icon

R. S h u i r e m m m n

uO RMA L POfu L ELEVATION : 1505 AT Ti tl E OF INSPECT ION :

BRL IeST EL EV ATIU f :  1511 
— 

POOL ELEVATIO N : 1505+

SPI LLWA Y ELEVAT iON : 1505 T/etL~-/ATEC ELEVATION : 
________

~- f A X l M U M  RECORDED POOL ELEVATION : 6” to 8” over sp i l iw ay  — 1972.

GEI-IERAL COMMENTS :

160 mo r es W a t e r .
L ak e  drawn dowm m to dree1~~u - and en la rge  a b o u t  two y e ar ~ ;m f t e r  comp le t i on .
Bear Crc - c-k s t a r t s  in t i -mi s  a r e - i f r o m  n a t u r a l  s p r i n gs .  Bear Creek f lows

~e Leh i~’ I u  R iver .  I n d i c a t i o n s  are t i m e r c  is an ups t r eam valve on the
in le t  con t ro l  p i pe.

A - i
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-
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NI) I NO. PA—00 0ull)
V I S U A L  I N S P E C T I O N

EII I3 A UKPIEN Tr
_____________________________ OBSERVAT I oNS AND RE f-lA RKS 

—

A. SURFACE CRACKS None evident.

B. UNUSUAL MOVEMENT Nem m em evident.
B E Y O N D  TOE

C.  SLOU C H I NG OR E R O S I O N  Not -me e v i d e n t  — weed growth  arid brush coversOF E M BANK M ENT OR downstream slope.
ABUTMENT SLOPES

D.  AL I GNMENT OF CruEST:
HOP I Z O N T A L :  h o r i z o n t a l  ap p e a r s  good .
V E R T I C A L :  See p r o f i l e  A ppendix  A , P la te  A—l I  for  ve r t ica l

alignment.

E. RIPRAP FAILURES None evident.

F . J U N C T I O N  E M B A N K M E N T  Good at n a t u r a l  ground at r~ gi-m t side. One hole-
& A B U T M E N T  OR 3’ x 6 ’ in area 3 ’ deep ad jacen t  to rigimt sp ill—
S P I L L W A Y  way o u t l e t  wa i l  on downs t r eam slope . Em ,mhank mer i t

1’ to 1—1/2 ’  lower t h a n  r i g h t  approach wall  on
u p s t r e am  s ide .  Vertic al concrete cutoff of Sp i l l

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
way wal ls  exposed on b ot h  sides of the  spil iway .

G .  S E E P A G E  Wet area downstream at toe of embankment. Water
stagnet  and rus t  colored nea r  l e f t  a b u t m e n t .
R u n n i n g  water  to ri ght  of o u t l e t  s t ruc tu re , ru s t
color  on bot to mm m , water  is c lear . (See Page A—2 /:m

_____________________________ fo r  c o n t i n u a t i o n ) .
H.  D R A I N S  R e f e r  to p lans .

J. GAGES & RECORDER None .

K. COVER (GROWTH) Upstream : Rock s l o p e - s  w i t h  c o n s i d e ra b l e  g r o wt h
o weeds and brush .

Downs t r eam :  Heavy Cr o wt i m of I c r u s i m . wc - -~ ; m ind
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - 

smal l ,  t rees  — hike t r a i l  n e a r  s p i l l w ay .
- 

Sur face :  D i r t  pa t im w i t h  l i g ht  weeds.

A -2
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C. SEEPAGE (Con t inued)

Time source of time welter is f ron he - m i t - m t  t i m  I l i e u - r i l e - u m u k r e u t - n t  . I t  I mm
v e r y  ~OS sib le tlm: m t t lme I lows t ie  - t c - u  - t c c i  m m mi t i m e - we t  mmmi r s i m y  c om i d  i Lion
d o w n s t r e a m  f ro un t he  toe  a re  c o t n i m m g  I ’ ron c ;r I m i p s .  WI t i i  e t h e
re -s idua 1 SUI ) s t am- c n mm ( lie smcm 11 c im an ne  I bet t o m u m is  r e d d i s im  or
rus t  color , t ime water is clear.

‘ l i m e  source of time reservoir water i s  n a t u r a l  - m f r I mm gs  at  t ime
bo t t o m  of t i m e  l a k e .

T u e  embankment  slopes wer e d r y .

4.
- 

- A — 2 / a
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NI )  I M O.  P A — D U o  h i

I c O A l  I ru - i - i  i i  ON
O ff I l l  I c i O O f ” ~

_______________________________________ 
U U S I R V A T  I ONS IehJiu RLMAI KS

A . INT AKE STRUCTURE Ma t il m oic - mct r mo ’ L tm r & ’  w l t i m  24 ” gate ’ vm m lve just m t p m ; L r e a m
f rnn m ‘- c - m m t em- i i  mm e cnm ba mik imm en I . C on cr e t e  em m c mmmc ’ ‘d s t ee l
p i i c e f r o m  r e se rvo i r  t imr oug lm n u mm m mhn Ic  struc ture to t lie
ott t Ic t . tI ps t rea m con t ro l  by tmmeans of slop lu g ga te
w i t l m  s loped s t e m .

B. OUTLET S T R U C T U R E
Conc re t e  endwa 11 , ry e  t mmi ig u  I mmr wa I is.
No f l o w  f rom 2 4 — i n c i m  o u t let  p i p e.

C .  O U T L E T  C H A N N E L  S i u m m l l o w  w i t i m  weed grow t im — l o i n s  sp il l w ay  o u t l e t
ci mm m m m m iel about 75 f eet  downst rc ammi  f rom s t i l l  im i g
bas in .

D . CAT E S  24” gate  v ;m l v e  in n u m m n u m o l e  p lus  si ide gate upstream
of embankment. This  second ga t e  was inst mm I led at
time t ime of time drawdown to dredge the lake. Size
unl:nown .

E .  Et~l E R G L N C Y  GATE Same as above .

- 
F . OI ’ERA T I O N  & None — occasion ionm-il mnaint emiance — no regular

CONTROL op er mi t  ion of gate valve or slide gate. Gate not
opera ted since 1967.

G. BRIDGE (A C C E S S ) None.

A- 3
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MDI NO. PA - OO 610

VISUAL IMSI’[CT IO Ii
S P I L L  WAY

____________________________ UBSERVI\ VMS AND RLI-IARKS
A. APPROACH CHANNEL Direc t. lv from l~ mk ~ Area. Approach channel is

2 . 1’ 1)010W top of w e i r .  W ; m t m - r  lu s t  f l o w i n g  over
we i r  c - r e - m t .

B. WE I R : Crest  Com mit  i t  ion —

Crest Cond it iO f l  No ap pr -c i t b i c -  e r . m r k s  in c e ’ i m c - r e t e  nor any serious
C r a c k s  c i e t e r l o r a t i o t i .
D e t e r i o r a t i o n  W a l l s  in good c o n d i t i o t m . fA- c - 1 e l c c e l e s  in wa l l s  not
F o u n d a t i o n  f l o w in g .
A b u t m e n t s

C .  D I S C H - ~RGE CHANNEL:
Li n i mig Concrete apron ;im; ex tens  ion c i t  end of ogee.
C r a c k s  Ch anne l formed by concrete walls from upstream
St i l l i n g  Bas in approach .

D. BRIDGE & PIERS None .

F . GATES & OPERAT I ON None .
EQU I PMENT

F . C ON T ROL & HISTORY None.

S

A-k 
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MDI N ) . PA - - QO 6111

VISUAL I tl - - f ’L i_. i i

________________________________________________ 01151 RV i i  I ~rp i~N H Ru MA R KC

I N S T R U M E N T A T I O N

Monu mn en ta  t ion  None .

Oh si -i v i  t ion We 1 I s None.

i rs N one

P i e .‘ i , mme - t ,‘ r ‘, Non e .

Si c l  Gau~~e None.

01 ~~ -~ None .

Resc~rv e~i r ~ l m p i ’s mt rc- reia t IVe lv flat with wood—
l m m t m d s  to t he  wcm t ers ed ge c i t  m ; o mmm e locations and

S I i i  pu -s grassed areas at ot 1u ~~r - ., conme sa nd bea clm es

Sedim entat ~~ 
No serious c o n c c - r m m . Lake  d redgc-d several years
ml f t c r  c o n s t r u c t  ron to  eni  ar g o  area .

W m t c r s h e -d Nems i l y woodlands  m icar reservoir , some cultivated
- 

- . land .Llcscm I p1 ion

D O W N S T R E A I I  C H A N N E L
N ; m l m i r ; m l s t re amm i . TI-mis area is the  imeadwaters  of

C o n d i t i o n  Bear Creek .

S l o p e s  Wooded wi t lm  b r u s I m .

A p p r o x  i n m a t e
P o p u l a t i o n  5±

No. Homes Farm wi t lm bu ild ings  and one home .

A- 5
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PA DIR ~
- 13—98 I~~ I lO~. t A - Q O 610

NAME OF DAM Heir Creek Lmm ~ Dami,

I T E N  RI M1~F KS

AS-BU ILT DRAWINGS Design Drawings  onl y

R IGIAN AL V I C I N I T Y  MAP U .S. G .S. Qu aci r amiql c Cimristmans , Pa.
See Pl ~~t e I I , A i~p end ix F

CONSTRUCTION HISTORY PennDER Inspection Reports and Correspondence .

GENERAL PLAN OF DA lI Design Drawings .

TYPICAL SECTIONS Design Drawings.
OF DA l I

O U T L L T S :  Plans included lii f i l e  i n f o r m a t i o n .
P L A N  Discharge data included in calculations.
O L T A  115
CON STRA I NTS
D I S C H A R G E  R A T I N G S

B-I
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MDI NO. PA- OO 6 11)

EN GI NEERING DATA

ITEM REMARKS

R A I N F A L L  &
RESERVOIR RECORDS None.

DESIGN R E P O R T S  None .

GEOLOGY REPORTS None .

DES 165 C~~ l P U T A T I O N S :  Hvdro log i and i my dr a m i l Ic conmp uta t ions  ar c -  in
h Y D R O L O G Y  & the  P en m i l ) E R f i l e s .  Also structural s t a b i l i ty

HYDRAULICS and up l i f t  ca lcula t ions  and seepage analysis.
DieM STABILITY
S E E P A G E  S T U D I E S

MATERIALS INVESTIGATIONS : Four test holes — 9’ ± deep are summarized on
BOR IN G RECORDS the design drawings .  Laboratory  and f ie l d
LABORATORY test data. One density curve.
F I ELD

POST CONSTRUCT I ON Inspec tion Reports.
SURVEYS OF DAN

BORROW SOURCES Not Identified .

-1~’
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NP I 110 . PA—U - ; i i ~ l

L I C I N E E R I NS DA1A 

—

I TEll E 1-I A P S

M O N I T O R I N G  SYSTEMS

M O D I F I C A T I ONS C o m i c - r e - i c  c-ore w:m l I m m d dc - d  mis  a result of field
conditions differing fronm des i gn concept.

H I G H  POOL RECORDS None .

POST CON ST PUCTIO I J Inspection Reports by PemmnDER .
E F I G I N L L R I N G  S T U D I E S
& REPORTS

PRI OR ACCIDE N TS OR None .
FAILURE OF DA lI

D e s c r i p t i o n :

Reports:

M A I N T E N A N C E  & None — Recrea t iona l  damn for  res idenLia l
OPERAT I ON R E C O R D S  development .

S P I L L W A Y  PLAN , S E C T I O N S  Information included in desi gn drawings .
AND DETAILS

d t
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NDI 1)0. PA- O O 610

EN GINEER IN G DATA

I T E M  R E M A R K S

OPERATING EQU I PMENT , DcmL I c i control gate valve is time only operating
PLANS & D E T A I L S  e(Iuipnment.

C O N S T R U C T I O N  R E C O R D S  PennD ER i m i sp e c t i o n  r ep o r t s  and correspondence .

PREC IOUS IN SPECTION lnspecti omm reports during construction.
REPORTS & D E F I C I E N C I E S

M I S C E L L A N E O U S

‘a-
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501 lW. PA-OO 1O

4. C l I C K

4 H Y D R O L O G I C  AN D DID RAUL IC
E N G I N E E R 1 N G  DA TA

DRAINAGE AREA CHARACTERISTIC S: Woodland and cultiv at cd fields

E L E V A T I O N :

TOP N O R M A L  POO L ~- STURAGE CAPACITY: 1 1 e v .  15 1) 5 - 2,600 A r r ~~~ E i e t

TOP FLOOD CO NTROL POOL & STORAGE CAPACITY: E l ~~---- 1
~~

1l 3’48
~~cr e-Feet

MAXIMU M D E S I G N  POOL:  
- 

11ev . 1511 
-

TOP DA lI : 11ev . 151_ I

SP I LL W AY :

a. Elevation P r o j e c t  Datu m = El. 2~ : U . S . G . S .  1505.

b. Type Concrete opec sec t ion .  
-

C. W i d th A 5 feet.

d . Length 12 feet. 
- _

e . Loca t io n S p i I l o v e r  Le f t  a b u t m e n t .
__-

f . 14u—i be r and  Type of Gates Neni e .

O U T L E T  WORKS :

a .  T y p e  .~4” diameter steel p j ~~~~ncased in reintorc ed concrete.

b.  L o c a t i o n  
- 

Just  l e f t  of c e n t e r  of e m b an k m e n t  l eng th .

c.  E n t r a n c e  i n v e r t s  1476± 
-

d. Exit inverts 1 4 7 5 . 5±

C .  Emergency drawdown fa c i l i t i e s  Same .

HYDROMETEOROL OGICAL GAGES:

a. Type 
- 

None.

b . Loca tion

c. Records

$ MAXIMUM NON-DAMAG I NG DISCHARGE: None reported.

B — 5

- _ 
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l i m e iiycIro1om’1~- and i ; v d r a c m l i c  e - v m l m m ; m t  ion for tim ~- i m l s p e - t i o n  re-port
has e - m p l  c i v i l comlmpimt - m - techmii qu -s u i-i ing tim e Corps  of I - m g I t i e rs c o : m i p l m t  er
p r o gr m i den t  i f  ici d m m -s t I ce L-lood I ly d r o g r a p im P a ck ag i  ( 11l C— 1)  Dam Sm f~-t
V er s i o n .

r imc- p r o g r a m  i; : mi - m bt -e mi dc- s i g n -d to e m i m m b t e  t i m e  m m s - - r  t o p e r f o r m n  I c-m o
ha - c it  I y ) m - s  of l m v d r o  Lo ic  ;m n a ly s c - i- : (1 ) th e eva lmi; mt ion of time over --
topp in g potent L i i  cO L i m e d mmmtm , mi nd (2) t ime c;mp ;mhi li ty to em-i timat - m mc -
dowust  r e ; m m mm i ;vdro log i c I1V ( i  raid i c conseqmmenc -s re-sn I t  I mm c from assumed
i - i t  r m u - t u r a l  im m i h i r e - s  of t h e  damn . A hr  ief summ m mmma rv of tim e computation
pr oc e dur e s  t y p i c a l l y  used in t ime dam overtopp ing anal ysis is shown
below .

— 1)eveiopment of an inflow imydr ograpim to time reservoir.

— Rou t  i up of t h e  I mi f low hydrograpim (s) t liroug li ti m e r e se rvoi  i to
d e t e r m i n e  if the  event (s)  a n aly z e d  would overtop the darn .

— Homi I i i m p of t im e om it flow Im~-d rogr ;i p l m (s ) of tim e reservoir to
cle : ~ ir- -U d o w n s t r e - m m m i m  1 nc - m I t  I otis. l i m e-  r e su l  Is provide t he  peak
U isc -Iu m m- gc , t i mm- of ti;c- p eak d i  - m i h icm r gc  mi nd maximum stage of
each routed hydrograp im a) time n-mi let of the reach.

tIme cluLpi m i cia Ia prov Idc-d hv C P I ~m p r o e - , r mm n p t - m m m m  i t s  tI m e compar i--on of
U e e c s m e m t  r emm m mm c o n d i t i o n s  just prior I i  mm hre-;m c -I m f l  lu r e - w i t h  that after a
hr -: m e - I m  f ;m  j lure mi m icl  t i m e  d c i  e r u m i t m i t  i on  m m - ;  to ~i i e t I m e r or mi ot  t he re  is a
si lt i f  I C ~~i O t  increase  in t ime  haza rd  to  lom-o of l i f e  m s a resul t  of such a
i d  L i m ir e

Ti me r es ult s  of time studies conducted for th is report are presented
in S e c t ion .

r i t ~~ ( a i led i ml fo t - t m ; mm t ion  regard i img ti m is program r e f e r  to t i m e  Users
l l m m m i u m ; m  1 fm t~ l ie I i  nod ilydrograp im l’ ae k ;mgc-  ( I ( I - C— I ) IJ~m mi m 5mm i et y  Ve rs I omi
p 1. ) ’ i r e - c l  by t i l l !  i lyd  rolog i c Eng inee r ing  Cen te r , U.  S. Army Corps of
Em ig imic ers , Davi s , California .
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Be dr oc k — Dam and Reservoir

Fo rmat  ion N;’m mt : Cat m ;kill Formation , I’oplar Cmmp Member and Duncannon
Sit-aPe r (r ese rvo I r omml\- )

L i t i m o l u ; m - .- Ti ;~- Pop 1 ar Cap Member cons. L~ts of f lot~ to mcdi urn Fram ed
gra y  -s. imi d s t o rm e • rn a ,- s E ve b eds;  two  t o  f [vt ~ f~-et  t h i c k , tend i I i ; -  to
h r t - - , k up i n t o  beds of 1/2 to 3 Inch es  t h i c k .  Cm mmi pos e d of qua r t z
;and , some qu ;m r tmm 1~ -hh15 -s , generally cemented w I t h  quartz. A f ew ,
scarce , red shale interbeds.

Structure

Ti me dam j i m  l o m -att- d on the north f l a n k  of tim e Wild Creek anti ci m e .
Ti m e beds strike 554,,PE and di p a b o ut  20°NW. No m l  nor folding or
faultin g is known in the area. Air photo fracture traces trend
N2 0°E and NlO°W.

Overbmi rden

Test boring logs indicate the  overburden in the  area is generally
t h i n .  It consists of soil , boulders , gravel , clay and “hard pan”.
TIm e h ard pan is probabl y till. Th~ test holes were only eight to
nine feet deep, and not all of them hit bedrock.

A qu i f e r C h ar ac te r is t ics

Time rocks of time Catskill Format ion are general lv impermeable and
ground water movement is on bedding planes and f r a c t u r e s .  Where
fracturing is intense, considerable movement is possible .

- Discussion

The sp~-c ifications for this darn e m I t  for a cutoff trench filled
w i t h  compacted clay, which  m~ m s to be dug  not less tha n ten f e e L
into impervious material. There apparently was no grouting program. 

T - - - 

- -



The or i e n t a t i o n  of 1 m m . - h edd ing  min i N . ’U ° l-S f r . m c t m m r e s  in relat ion tothe (lam axis make -5c’m -~ a g- be I Ols t he .- u t o f  I t m - ;m, i ; defini t t~ ~i S - ; s i—
b i l i t y .  If time cuto ff tr emi c im ~~-rt - ent irel ’,- in hc -drock , this leakage
WOU hi not be of ; m m iv -om m , - e rn . It i p o s s i b l e , m S .s -ye  r , t h a t  t i i .  -“ima rd pan” w;m~ ,- e m m - ;  j I m - red to he i I ; m ; - t ’rv  i ons  and the t r e n c h  mn -i~- he i nT) .1m t in t ii is ;”. u . - i m i  . C r e t m u m d w a t , - r  mov emen t  could c o n c e i v ab ly
- t -~m U -m: 1 P s  m L m t  er i i i  . s~ my l a rge  flows mit the toe of time dam shouldb~ m o n i t or ed  s - a r e  1Pm I I v .

S,curc ~- --s of  I i i  I o r m m m t  i on

1. so . m . Ss -’.-on (1 0 7 5 )  . ‘ 4 - c oT  o:’y an , !  511 nt - r a  1 lIt -sources of t i eI t im -  stman s  mi nd Po I~opoco Mt . Qi m . mdr mi ; p  I t s , ( ‘Im r b on  and Monroe
Countjt-s , Pa. Pa. Cool. Survey, Atlas 195ab.

2. Plans and correspond~’mice in file.

3. Air Plmoto grmmplms , scale 1:48 , 000. Date d 1970.

: I



G EiPL OG IC  M AP  — Hear Creek I )am

- F 0 E ‘F ~ /~
.

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

- 

- 
- ,

‘ ( - ‘Dc. 
~~~ :~ ,~ 

‘-: ~~~~~~~~~~~ 

, 
~ifr )

\_~~~~~~~~
__ _

~~ 
_ \ _ 

~~~~~ 
j  

~
./--

— - - 
- -- - 1  

-

(geology from l’a. Geol. Surv. Atlas 195)

Catskill Fm.— Duncannon Member

[~~
cp~ J Catskill J~’m .— Poplar Gap Member

— .  air photo fracture trace

SCALE 1.24000
L_.. — 

0 I MSU

1000 0 1000 2000 3000 1000 5000 &100 7C~~ f Ccl
._s____. ~~~ F ~ -

5 0 I IULOMflIR

CONTOUR INTERVAL 20 FEET

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



1~

APP ENDIX E

I PHOTOGRAPHS

APPE NDIX E

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



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

• ~~~

.

‘; /

;.ookin~, 0
‘s ig ht  ‘~h u t m n i n t

I. - ~ 
. b ‘~f ~ ~~~~~~~ .~ . ‘I -

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

U ps l r e ;mm S lope

1. ~~~~~~ ~,‘ ~~~~~~~~~~~~~ 
—

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ -,4”
~
- .

‘ ‘
. -

%• ; 1 . ~.. . ~~~~~ 
-. . —

- 
‘

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

~~~~ k~~~~ j ~$ - 
~~~~~-: -t~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

p -,
~~~~ 

-
~ ~~~~~~~~~~~~ .- 

— 
—~~~ 

-— i...
- - 

- 
11. -- - - - .~ - . - -;,.--r-~~~~~~~~~~

;
~- --- - .-- ~~

— —~-.. ~— 
~~:. 

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

~~- ‘u., ..~Fjb”~~~

- - ‘ 5 r . ’ ’~~~~~~. t .%VL~~~’
— - -

~ -“~4’~ 
J% ~~~~~~~~~~~ -

I 

~~~~~~~ ~- 2 ,

~~ 
. 

~- • ~ ...~~~
“ .~~ ~~~~~~~~~~~~~~~~4 ~~• 

•~ ~~~~~~~~~ 
‘.,~ 

. . -‘
-

s

— ‘ . .-. 
~

- 
- 
,~ Manho~ o w i t h

- .— 
. - 

‘~

- 

— - -: — 
- 

. 
- - \‘a lv o  Ce n t rel

- . . ‘ .M~. .- - .~~~~
- ~~~~~~ ‘

-
. -; -- 5-: 

-

- 
- 

. 
“

_

; ~~~~~~~~~~~~~~~‘~~~~~Jw :...— .
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ii~ U

-- ~~~~~~~~~~~~~~ - - - ~~~-- r— .- — _. . - _ ._ . ~~‘-- -~~ ‘- —



• ~~~~ 
-
~~ 

~ . -

t 4 , A

:)ownst  r eam Si Opt ’

- 

~~. 

- ~~~~~~~~~~~~~~~~~~~ .L4~ “B ike ” I’at h
~ ~~ 

‘• ‘
~ ,,. 

~~$ 
. 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~,1 ~~~ .: - .  t. .~ ~~
. - ‘ - is ~~~~~~~ ~~

.. 
~~~~ I*’~ 14i~~~~~~’ ki

~~~~~~~~~~~~~~~~~~~ ~~4 - 
- ,: .- . . ~a~’r ~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ~~~~~~~~~~~~~~~~ rr~~~
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

~ -1 - i .- . - - ~~: - ‘ ‘ 5 ~ . .f
~ ~~~~~~~~~~~~~~ ‘ i ,, 

-

See page of Spr ing  ~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

p at
Downstream Toe

- ‘ - .. - ~~~‘ 
~~~~~i~~~ t”~” 

- ~
, ~~~~~~~~ .;~P ~~~~ ,~ 

4’ .. ~~~~~~~~~~~~~~~ -4 e, *‘~;,4.’ ~~
‘,

I 
, ~~~~~

, ‘
~~

‘ ‘
~~~i- h. i~~

’ . ’ i  ~“,~-:“ - ~~~~ ~ 
-

- ~: ~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ ~~~~4- - , 
‘~

-, 
- . I .~

. - . 4.,% _~~ I.. _ \ 
~ 

in 1 -, Lu-, i
,~, ~~~~~ 

j ,~

- 4~ Conduit Outlet

• 

. 

- , 
~~~~~~~~~~~~~~~~~~~~~~~ ~I,

~ 

‘ i
•.•

’ . ,i~~~~ .~ ~ ~~ I~~•
•~~~~ ~~~~ P A — ( m l O

~~~
‘ .~:

‘ 
~~~~~ 

‘
( ‘  

~~~
‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ #~ ‘
-I ~

~~~~~~ . . Wi ~~~.t1l . ‘,. 1. ~~‘ .. . . ‘
~~~.- ~ 

- 
•.. . 

~~~~~~~~~~~~~~~~ -—- -- - — ---- - -~-,-—— — --- - 
,~

_ 
—-



- -

~~~~~~ 

- 

~~~~~~~~~~~~~~~ of
~~~~~~~~~~~~~~~~~~UI~~~~Jp 

- 
______________  

Sp il iway

~~~~~~ t ~~~~~~~~~~~~~~~~~~~~~~~~~— -
--- - .• • -

- . - - - - 
.. - - 

- - - -

- 
- 

:.— ~~~~~

~~ — -.. - - • - • - • 
- .

- - ._• 
-.

- -.- - . — - 
- 

- 

- - 
— 
.-- 

~- 
-: -

-> -

~~ çiLi ~~ 
- I

:wId

~~~~~~~~~

!

~~~
r

1
r 

Spiil wiy l ookin g

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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

-. •~~~~—~~~~~-~~
• .

-I
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

• - . -
~~ 

_ _ _ _

~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ‘ :~~~~~
- ‘ ‘ -. 

•
~~~~

--
- .. ~ - ____ 

‘ —‘ZIP.-.

i:’. 
-‘ - -

~~~~~~~~~~~~~~~~~

‘ 
“I

.

~ ,r.~ . 
- 

~~~~~~~~~~~~~~~ 
.
~~ 

.~~ .~., - 
.
~~
,..

‘ 

~~~~~~~ 
~~~~~~~~~~

- ~~~~~~ ~:~
- - - ~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

E~~~~~~~~~~~~~~~~~

~~~~~~~~ ~~~~ 
_______ 

_ S l t lemtnt
Si - ~~~~~~~~~~~~~~~~~~~ • I- . ; - - .~~‘:~ “-~~~~~~

‘ - ‘ - — Adjacent t o

~~~ ~~~~~~~~~~~~~~~~~~ ‘: - • . 
- - •

~ 
‘ 

- 
- R i g h t Sp i I Iwav

~~~ ~
• I
~f~~

i 
~~~~f 

,•
- 

-

- 

~~

-

-- 

- 

- 

- 
~~~ Wail

~

. 

\ ‘m:i~r;• 1 
. 

• . ,

~~~~~~ ~~~~~~~~~~~~ 
•.. • .\ ~~~~ 

-
- ,

‘

,
• - 

~

‘.
•

~~~~ ~~~~~~~~~ ~ 
. 

- 
. . ...• 

.
•

-‘~~ l ’A— 610
~ ._ ~~~~~~~~~~~~~~~~~~~~~ .~ I. 

• -

Pt A I i - I l l

U ~S.__ - - ~~~~— -



— p 
~~~~ _ _ __ -

Reservoir

______ 
- 

~~~~~~~~~~~~~ • ~~~~~~ ‘~~~ C~ ~~
‘• ~~~~• — ( “~ P~’I1 ~‘. • w’ •. 

~~~ 
. 

•
,-

~ 
~ . . -

_____  - . . - . , ~~v-1_~ ~,. ‘
~
“

~
‘- - ‘

~~~~~
- 

~a

4~

i _ 

Downs t ream C1~ani~e1

PA-(-~iO
PLAT E E — I V

- -~-.--~~ - -~~~~—~~---‘•--- ~~~~~ — --



piu’r --—-----— ----- - .- :-

~~~~~~~

_ ___ _ ---- -—- 
I- —--.- -— ~ ~~~~~~~~~ ---- ---- --------.-— —‘~~~~~ —~- -

APPENDIX F-I
’ ~~

PLATES

APPENDIX F 

—
~~~ -~~~~~~~~~~ — ——-

~~~~~~
—- 

~~~~~~

- 
— —  — — 

~~~~

-

~~~~~~~~~

-— — - - - -— —  --
~~~~~~~

—
~~~~~~

~—



~~~~~~ - —---
~ 
-
~~~~~

---- - —-  - --  -- - - -~~~~~ -~~~~~ -- ~- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
U Is.. ! ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~ -- ______

~~ ~~~~ ~ \~:~;or?) ~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ i , 
~l 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~

- 

~~~~~~~~
~~~~~~ ~i .“ ‘ 

- F- N~ I)t mC0k m- m - 
~. ~ - - i• ~ -- 

_9m ~ ~ 1,
_f

_
s ~~~ ~ , 

~ J~

~ 
, ti 

~~ 

~~~~~~~~~~ 
~\\ 

3 ~UJ 
~ 

~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

) 
~ 
) ~~~~. 

m 

~h

S . \ cn_  • ~h -
~ _ ~ ~ ,_ - I ~ ~ ~ ~ ) I I, -~ Sto4~ - ,-~ ‘ ~ £5 -

~~~~~~~~~ ~ ~~ 

- 
- 

~ 

MQ(
~:1~~~~~~

1 

L s 
, ~ 

~, ~ ~~~~ 5
\ 

• 

~~~ 1 
R ~~~~~~ ~~~~~~~~~ ~~~ 

J~ 
I I

- S ~ —‘ ~ • _ ma I r 2~ ~ 0- - ~- 

~~ ~ 
____
‘5 

1 , , , - OC . . I p _  - ‘~ \;•____~__,~~~~~_ _ _ ‘-_•,~__ ,• ~

~~~~~~~~~ ~~~

nsb ur g ~ Espy 
~
, 

I ~
• 

— r 
~~ -

~ U 

~~~~C2t4 ~ ls$a ~ 
I 

~ 
— 

~~~~ \ ç
/ \ 2- - 

d ’ .~~~
’ ’ ’~ ‘ A ’ - R I  E~~

m
~ ’ c i ~~ N - . ‘ ‘ 3m-

~~
’
~ 

S~i-e . -~\ - 
~~~~~~~~~~~ - - MtM~5 / 

~~ f J i rn - - - -, I 

e N 4mmo ma (

~ ,~ S I I a —— ~~ / 
S a is r ‘4 ah ~ii y 

~~ ‘a ’ I i  Inim ~t iOfl 
—. cm mo L- 

- / 1! I ,,
~~ ~~~~ 

~~‘~~~ - - 
- 5 ~ ‘ ~~ -‘ - 

~~~~~~~~~~~~ - ~ &~ 
1- _ _ I _N I Ill ~~~ 0 4 * { 

I I 53 — 
~ ç 2

p_o s I n- 
~~~~~~~~~~ ~‘~‘ ‘mama 

— 
— 

,_ _,~ ~~ 
I I 

~ :
,, 

-

~~~~~~~~~ 
• ~ 

ml 
,/~~~w 

‘
, 

I~~~ 
1’ ~

‘° 
~~~ 

‘ C N az ai e mh- - --- P-’ - - 
S ‘H I t  r - ml - I L -- ~ _~~ - - 

- 
I - - ~~~~ m~ -,oov , 

a ’
. 10~~ ~~~‘ —

~~ — U 
0
/ 13*5 ,1/ ~

- - -- - HI - - - - I I5 I I ~ 45~3 - 
- — ~ ~~ 1- 1. ~~.--~l ~ - I $ -- -I SO 1I~ ‘~°r~~~~~mt 

F

- U 
All - 

3 ’  311 . 2
M 

PottsvmlI ~ ~~~~~~ 
—
~ ~

i 231 
Causiu~~o 

a 
I

So - 
~~ 
/ - r - 

. - 
~ F ~ ~ - m-i - -, 

Sci r i ~ I ) , -: — ~~~~~~~~~~~~ Lv Wi aI~~
‘5 

~~ I 
~~~~~~~~~~~~~~~~~ Ii ~ ~~~~~ ~~~~~~~~~~ 

~~~~~~ 
\

3 \\
~~~ JLLENTOWN 

~ 

I 0,-,,, 2 
- - 

-
~~— - - - , I - - ‘ 30’o OI~ ( ~~~~~ ~~~ I 1~ - - ~~‘03~~ 

-r ~~~~~~~~~~~~~~~~~~~ mo — 
A 

— 
~ 

~~M0c,o~~ 
Emrnami s

~ :~ 
~~~~~~~~~~~~~~~~~~~~ I 

~~~~~~ 

~~ 
~~~~~~~ ::~: 

A
l- ~~~- -

~ 
- 

-I’ -’ , - 
~~~ — 

o, - ,2_II 
~I - - ~~ - - 

- 0~~ 2 - ~
50 ~3.I, I I  - - 

- ‘~ - - - 
- - - (lespor , - i— ~Bm3ndon ~~ -~ ,~ ~~_~- - 

- -- - -

~~~~

_

- -
~~~~

‘

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~ 
~~~~~~~~~~~~~~~~~~~~~ ~~-~~~~• ~~~~~~

4 I
, 

~~~~~ ~ ~3 us I ; ‘~ I I  p~ ~ 1m Y /\  I , —
- ii - - - - ~II~~hs~~1 ( 

-
- LII ~~~~~~~ ~ — - - — 9 - - I a ~,-d H A l  

-

A 
u~ ~ 

1 OI SS 
~o 

~~
4

~ EAUING L 

~: ~~~~~~~ ~~~~ ~ 
A

- - - A VQ O , - - ‘,“ N- wo ,mn St O *o , ~ (~w fl O~ ~~~ l’ MA c  ~~~~~ - -  Bosm,mo,, ~~ 
~ U ~~ -

Cleo ~ I eb~no 1 we mn e rsvmmml 
~ 

~ 
~ 

S

1 
~ ~~~~~~~~~~~~~~~ k i  ~~~~ 

~~~~~~~~~~~~ ~~~~~~ 
I 0- - 4 - - I 

- / ,  - - - S 0-, - - - SmlIIInm ~lop ~~ - • I -- - OIl ‘100 
K ~~~ ~p, . ~ s m  - r -—

~~~~~ ~ / ~~~ I j ~ ~~~r 

~~~~~~~ L3~~~ ~~~~~~~~~~~~~~~~~~~~~ ~ ~~ a~~ys 

~~~~~~~~~~~— Anams ow

~~~~

__ s
K I

~~~
V ~ 

I ‘L —
~~~ ~, , ~ , I 

- - 

LOCAT I ON PLANP 
~~ t (- mi mama ~ - I a  I111 ’il ( ~ -MirIrA m 

\.
~.1l~i? ~~~ AI ron Iu~ ~‘~~~T em , eHm m m 

~~~ “~~~~~ M 

BEAR CREEK LAKE
~ ~ Jf 1~ I ~ ~ 54fl f l~ f l4 —~~ r~ °” e~ t D~4~ lvi— — — - 

— 14 , - I l  — - — — - _ 

—-~~~1 CAS TE H ’~-_o~ I } 
~~~~~~~~~

I — a I S I
- , ~

‘ - ‘ - 
~
- l

_ 
,~~ - ~ - 

- -  - 

~~
- - - - - . - ( v - , soC o l u m n b m m - , 

I m
’ ‘ 

~ 
‘ PA 610 P LATE I- 

- 
0 -  - I - - -  

~~~~ _o*0.~ 
IH- 1 - I I I I C  I -  - - 

— -

—~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- - — -  
- s - - - ~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ ~ 
N~~~~~~~~ s~~~~~~~~~~~ 

~~~~~ ~~~~~ /

- _/

__

~~ - 
— - - 

/ I
~ 

~~~~~ 

- 

- ~ (l 
~~~~ ~~ 

- 
- I 

/ 

15 
~ M

- —— — _
\ \ / / /

- -

~~~~

- 

~~~~I \ \~~~~ -

~~~ 
-

“ x i ~~~~~~

- 
(1 ~~~~~~~ 

~~~

1

~~ 7 I
, 

- 2~
. 

~
/- 

- - 
- 

/ I
— 

~~~~~~ 

. / / i~cett4~ o

~~~~~~~~ /

/ . 
-

— DRAINAGE —
,-

~-~~ —

~ L9 SQ. MI. 
~~~~

‘
~~
- -

- 

— :: — -/ 5 
)~~~ I ~

( 5
5 

-

~ 1 6 7 ( 0  ) - 
-
~~~ 

- 

‘I 

- 

(
H - - j

~ 
I~~~~

-

- 

H~~~~

/

VICINITY MAP
Ci~ee k ~ —

U. S.G.S. QUADRANGLE

/~ ,• . - 
CHRISTMANSI PA.

/ - 
- - - 

- BEAR CREEK LAKE
DAM

PA. 610 PLAT E It

IlL 
-



- - - ,  - I r  —

Lr -

~~~~~

-

~~~~~~ ~~~~~~~~~~~~~~~~

- -

~ 
____ .

-

-
.

- 
- 

\

\ 
~
5
~~\\

\ 
I

~~

- 

- 

\~
5
~~
\

~

\ 

\

\

~~~

_ _ _ _ _ _ _ _ _ _ _ _  
- ‘

I .3. 1- -

‘\ \ -

- 

I 
-

- - ~~~~~~~
— 40

,,,, ,
~ — 

~~~~

-~~~~p 
- 

- - -
- —5.-.-. . I

-- ‘I

- 
_ _ p_ -. 1-~ 

-



_ ri~~w ~~~~~~~~~~~~~~~~~~~~~~~

:‘ 
__ _ _

~. . /1 .~G~~Y~bW hm4~.L.

-

- - 
. S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- ---

p 
_ _  

_ _  

_ _

- 

,
.

‘

~~~~~~~

. 

; 
4~~~~~ 

I
~~~~~~~~~~~~ 

S 
-
~~ 1 . a.~v.’.

/‘
~~Tj. .::~~ :—~i__ _r

/ - 
- -

S .

. 
- 

- 
_ ________  - - - 

S 

- 

~;. ~2 . S.. fl~~~~~ —~~ I
— -____________ S S a

I 

- 

. 5 _

__

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P4-610
_ _ _  

PLATE UI

_ _ _ _ _ _ _  _  _ _ _



:~~T~ / r ~~i~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

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

~~~~~~~~~~~~ 
~~~~E ~ ~~~~ 

~~~~ f:~~
H 

~~~~~~~~ 

~~
t
~iH 

. 

- 

;,i -
~ ‘ 

~ 
-

~~~~~~~~~~~ cf t
•1 

L.- ~~ ~~~ 4r ~~ t~+13 
~~~

- 
- I-~ 

_o 
-‘ 

~0 ~ ~

~~~~~~~~~~~ 

-

~ 
5- 

-‘ — 
i-4 ~ ~i-d-’~:4 ~ ~ i ~ ‘-S :~; ;i—’ 

~

•

S 
,~, ij t r  ~ _~t 1-

~ 
“
~ : —s .-

~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~.: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S ~ ;~;:~
~~~~~~ ~ ~ 

~
-i 

1I~ L ~~~~ ~ i~; ~ *
-
~~8 

:~ ,. -

~~~~~~ ~
_ _  ~ 1 

~~~~~~~ ~~~~~~~~~ 

~~~~~~~~~~ ~~
- 3;-. 

J_ -

_ -

~~~ - I ~ 4 1 _ -- -S
; S: ; : - _4 

~ 
S
~~~~~;-

- [ ‘.
~ ~~~~~~~~~ ~~~~~~~~ - - 5.- - .:: ‘ ~~~~~~~ ,~~~~ 

5 :i
i~~~~

__
1— i- f :~~ . ~ i*g~ ts .,~ ~~ -. ~~~ ~ 

S-I- •—

~~~ ~~~~~ 

3-u- —
, ri 

3 3 
-: ~~~~ ~~~:: •~ ~ 

—

~~~~~~~~~~~~~~~~ ~ 
- - :~: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ H ~ ~ ~ ~ 
~~~~~~~ i - 

I 

~~~~~ 

‘ 

~: ~ 
-

I t I~~~~~~ ~ 
I 4.- 

~- r t a ~~5- 
: ~ ~ 

- - I-- ~ : - t ~ - - 
-- t—’-: 

- 
~ - I~ ~~ _ -- 

~~.
— 0

-
t — 

— - I ~~L. -
-

-~ _ _

~ 

4-_
~ ~ I I 1 4 

~~~~~ 
:~~

t
~~ ~~ : -

I 

~4 ~ ~ 
4 :~ 

- 
I;—

—
~~~

-1 
~~ 

‘-4 1 ° - :  ~~~~ S

~- ~—÷- I
, 3 _ -

- - - ,-~1-—- - - r - -

1 ;r4
~

-~ 

I - 
~ 

- S Si :~ :;. °- 
-
~~

:- 
~, 

•
~ 

- 
S

5 -  - ~ I - - -  UJT3r-r ~:pL~.A~~I Olg L L  °
~~

— 

-
~~ 

, 
~~

_

~~~~~~~ 1 

~ s:~i ~~~~~ ~~~~ i 
5— 

-5

_
_ t _ -

-5 -  ~~~~~~~~ - 
~~~~~~~~~~~ 

: :- - ‘~~~~~~~~~~
‘ :~~

‘ -  - ° ,~~:~
: -S-o -

~1 ~ 
S

~~~~. :!4 
:~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ + ~T~

;:
~ ~‘~i

•‘
~4F ~ 

( 
~~~~~ ~~~~~~~ - ~ ~ ~~~~~~ -Si 

~ 
~~~ S ~~ 

~~ ~ 
~~

- --:
~~

- 

.
.

. -I  

-

— 

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
A ,~~

- 
_ _ _  _ _ _  ~~ 

-
~~~~

- —
~
. - -  I

- — - -~~~~~~~~.
-,1p -

~ - - - -

r - - 
•
~~~

S ~~~~~~~~~~~~~~~~~ _ ___
~~~ 

I 
~~~~~~~~~~~~~~~~ --

- 

U 
:. 

4~~ 

: :~ 

-:
m~~~~~ n 

,~ 
-
~‘ 

— 
—, 

-

~

-- -
~ ____ — ~~~~~~~ 

I

•± -; - - - - 
~~v-t~

m I-~ - to - - - -
- - - - ~~~~~ 

~~~~~~ I ~ - - :}-t~15~ ~-~-: -  —
- — -4  - - 41CH :-  

~~~- 
- • - ‘  

~~~~ 
_
~i- 

••1.•~,~
— I 

-I-I-- 
~~~~ 

--4 J~: ‘ - —  - k ,: ~~~~~~~~~ 

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

- 
_ ri~

-
~~~~ -

- -- 
- — -~ °~~~~~ - ç~~I~ II1I~~4 - .

‘~ 1~
~~-0 * I 

-S r ~~~ 
1 ~. .I I  . f f ~ •~~~~~

. - ~
- 5

~~~tr ~~~~~~~~~

- -
k - —  

~~~~~~~~~~



I’ _

~~~

___-- -
~
- —

~~ 
~~~~~~~~~~~~~~~~~~~~ j~/ 3 ~~~~~~~~T

-
~~ . - - ; ~~~~~~~~~~~~~~:. ~~

;- ~~-t •T
~

- - ~ 
t.’~~~

--- -

‘ A ~ ~ 

— — S ~ 
~~~~~~~~~ 

t +
.— I ~ ~~~~ 

4- I i i  —t
~~ ~i~’L-;2

- 
-

S ~ L • 
~~ ~ - 

I ‘ ~ ~ ~ ~ 
_ t _ _ 

~;: ~~~~
- 

-

_ t - ~ t -- - - ~~
- 0  : ~ 

• 
~ -~ ~

-
~~- -

~~~ 
-

- 
-S 

~~~~~~ 
;~~~ 

-.

~~ - -
; :~~~~~~~~~~ 

- n ’ ~~~~
-
~~; .  

~~~~~ 
-

- r 
-

~~~~~~~~~±~~~~~

~~ - :.~~ 
- - - ~ I - .- - - -- : a ~~~~ ~ - ‘, • 4 ~~~~~~~ - 

5

- - ~~ 
- - - I ~ 

. - • ~ - :~ - -
~ r ~I I  *;- ~~~ - •

-a ~~~ 

~~ .; ~-~~~~~
4 

~~~ ~~~
,. 

1
- 

- - 

- 
- 

I - ~~~~~~ - , - -

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

- 
-

- -~ - 
-

~~~~~~~~~

- 

~~~~~~~~~~~~~~

:: ‘ - ~~~ 
:-~~~~~~~

° - - I 
- 

- -
-

~ II 
_ _  _ _ _ _  _ _ _ _

- 
— 

- -  r~~~~~ i~~ ~~*

-, - - - -- — —- ~~~~~~ ~~~~ 
-

~~~~~ :~: 
~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~

- I 

- 
-

~~ 
_ _

T+
$ 

~~~ 

r 

I

—

t , _ _ J__ 

~~~~~~ 
i T - 14~4

-- ~
- —  

~~~~~~~~~~~~~~~~~~~~~~~~~~ t - - - -:~ —-
1 ,  ~~ _ -~~~- S - - ..: ‘ —,- 

. I

- .  -- - 
‘
~~ ‘~ ~:~~

- 
~~ T 

-

~~~ ~~ 
-
~ 

-

~~ 

•

~~~~ - 
- -: - - -

- -  - - -:~ 
:--- - 

- 
- 

0 ~~~ - - - 
-

_

~~~~~~~~~~~~~ at-~~~~~~~~ - - - - ~~~~~~~~~~~~~~~~~~~~ 
:.

C -
~~~ ~~

-
~~: ~~~ -

~ 
•

_~ _: 
~~~~~~~~~~~~ 

~~~~~~~~~~ ~~~

-
- - 

-
-

~ _o
I ± 

* 
—~ •1 

— 
I

t’ ~~~~ 
‘
~~~ L.’ I — - 

.55 I —

~~ ~. ~
- 

* ~~
- •

•~~
-- -

; 
_
~~~~

3 4 l
~~~~i. i~~~ 

I ~sj 
.-



~~~~
- 

- - - S -

-
S ~ ~~~~~~~ S

~~~~~~ I 
—

5

. ~~ , - ~- -~~
S - 

~~~ ~~~:~~~~; S
. ~~~ 

- ‘ - —I

~~~~~~~~~~~~ I.,

- - - -
— - ; - :-‘ , _ ~~~~~ - —— - ,,.~ ~~~~~-

. ~-
• - - - -  -- - - 

S

~: . ~~~ . - 
:e . 

-
. -~~

;S - ~

. -
. 

~:;~ 
- 

- 

- ~~~ 
- I~~ 

~~~~~~~~~~~~~~~~~ ~~~
— 

I 

I ~~ 

_ 

~~ ~~ 

. 

— I 

, ~~~ 

_ 

~
-

. - -
- 

-
~~

- 
-- - - 

- S ~~ -~~ - ~~~ ~~~~~~~~~~~

- 
0 ~

- O- ” : , ,:‘ ~~~
‘ - 

•
~~
- ~0

I 

— _S_
4_ ~~ 

I ~

: - 
: 

- 
- - 

~- 
~~~;r ~~~: ~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ 
~~~~~~~~~~~~ 

.~~~~~

_
~~~~4 ;:;- ~

~ ::: - _ - -
- - 

- :3_i -
~
-
~-~~-- - ~i~;:: ’~-

I -  ~• 
-I

-~ 
- 3 _ _3 _ _ _ I

’ -~1 : ~~~~:~:~f
- ;  

- 

: : : , ;-:~~ 
- 

-
~~~~ ~

- 
-

- 
—-- 

- 

-

- 4 - _  - ,
~ ~~~~

- - 
-

I ~~~~ 4 m
_

I 
- - - 

- - : - - .~
- -

~ 
A 

~
_ ~~ -~~ - - -

I - 
I —

-

- 

- ;-‘
~~~ -

- 
... . 

- - -  - -E S- 
- -

- -, 
- 

—
. - 

- - 
I 

- 
i :’-— - 

~~ 
- - : -

- 

4
4 i, -: ~~~~~ ~~~~

-S

.5 
- 

~~~~s i i - - - 
-~—

-I

- 
- 

~- ~:-~-; - ~~~ r-~.
- - so --~ 

- 

PA.-610

- PLATE N
— .::.- 

- 

-

- — - —--—— — 
~~~~._  ______: _ _ ~~~~~~~ -~~~~~~~~~ -—- - -z2r o ~~~_ -_ . a~~ Th ~ _ s _ _ _ ~



- _- --- -- - ------ -- — -  -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

___ _•p2__ i__ _ _ -__ ) 
~~~~~ 0 - .. S

- - - — - ___________________- -
~ 

- - ? P.~~~$I~ ~ I4U f) . -

_ _ _ _ _  
- - ~5 - -3 - 

- ~~
‘- - - - - - - - - - -\ s.— -  - -p , 

______-- - 
- 

I - -3 5 , 
-- _______- - - -~ - - I - .-~ -

r~~~~~ 

- - -
- - - - - - I ~ $ i s I 3~~~~~~~~~~ —._- — - - - 

- C
‘

-
I 

- 
-

;
- - - --

-
- 

I- - I - - 
- — —;-

~ 
-
~ -~ — ~~~~~~~~~~ ~~ 15r - .

- -- A - - -  - • ‘
~
:•-~~~~~~~~~~~ -- - -- . 0

I 
5-~

- 

- - I 

~~ 3 5  3 O O~~ - 
~~~~~~~ 411-

S

- I
SECLON T j  ~Ah4 . i-~ -- c~~- - ~- ~~

- —  

I- -. ... 
- - 

— 

_ .~~ 

- Dl 

~
:-

~
- -

‘Spoy ,.IOL~ ~ U~~( -
. 

- - -
‘

5 - 5
- ~~

- -- - .- - :

— 
S -- cok%~~~~.U

- :~p-. 
-
.

. 

-

-

~~~~~~~

---

~~~

--- -- --- -

~~~ 

- - - ~~- - --- - ----- - - -~~~~~~~~~~~~ — - - - - -~~~~~ - -



— -; u,,—_ - -~~~ _~~~~~ ._ ,  ---S—----— ’,—,- --
-

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
:‘:•~ 

‘1 ~~ S 

~~~

I 

~ 

4) 
— 

\~~~~

h10 

~~~~~~~~~ ~ ~ 
I

S 

- 

~~~~~c,I,~~~WIP ’~*T~~. 

~ ~~~~~~~~~~~~~~~~~ ~H
- 

~~fl~~~U~~~~~~ J S *  ~~~~ \ .
- \ I l  l i i I  -

:i. : 
:~ 

S

- 
- m I

— 

- 

— 

- I £3tI SP*~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

—_. EL~~4TI03’~

rETAX L ~~ COIMCR~ 1~~ CORE ~t4U.

::~ ‘- - ~‘ ° - ~~~~~~~~~~ 
- 

- — — -

~f l E~ OF ~T°- .
~1- -

SO 0~~~~~~~ .t -  Ski J535h- ktS_

.-~~~~~
-
~~~~~ -

—

- 
~~~~~~~~~~~~ ~~3tI5iL

*33 - - S

- 
310 A.5 1100 — 

- A - 5 . C - - —

~ ~~~~~~~~~~~~~~

—
-
~~~~~

—
~~~ ---~~~~~~~~ -~~~ - - - ~~- - ~~ra-~~ - - -— ~~~~~ - — - ~~~- —~~ •


