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INT!IC~,U.cTION 

1 .  T h f . .  Prototype ' '~ 

T.h.~: L;,~:'~.L: Dam ","ill bc, constructed: on the Colorado l!iver approxi- .,.i/, I 

. . . . . . .  ~ . . . .  C ,.:~.7 sixt "-seven:mi ~ es o',~.nztrcam from 5eu!c~'er Dan. and ::bout "twenty- .-:~i~.ii'i 

,=.~~"..~ . ' , , ~  o'-" i ] i n g n ~ m , ,  ; r l ; : o m . ,  ~ : ' z g u r e  ! ) .  ~.~ ~ . . '  ~ ~ m '  . x l l  b,e - 

a n  , ~ c r ' ~ h - a n g - r c c k f ! l l  q b ' . ' u c t u r e  ~ , : ,  , , 3  ~ . ~ t  • ' ± o n g ,  . .1 : . .o .  f e e t  h i g h ,  a n d  

""" . . . . . . . . . .  " " ' C _ , O . . ~ , c r u  f~t of-active .aSo~.,- . . . . .  : , .  v.:  a r ~ . ~ : ; = r ' ~ o . ~ r  c a p a C l t y  o f  i , t , ~ : ] , '  ' " '  . . . . .  - " "  
ii 

~. %.~,. (~ ' - . ~ , . z~e  2 )  ..~n u ~ l ~ i n e d  c u r v ~ . d  , : : , : : . m ~ e l  w i l l  u v  c u ,  ~ : m o u ~ J , '  t h e  i : :  

Jiv:"tLu,E t l ' : .a ~"'ao:'~ a . r c . ' . t ~ d  t,~.,.~ . - e" ,  . . . . . .  . . u r i n : ~  t: ' , ,~ . c c . n ~ t r u c ~ - ; o u  . . . . . . .  ~~ , ,~ , . .  . . . . . .  ~ s n d  . . . .  • ']( 

• ~.~.~ ....... . ...... ± co:~-tain foul ori'ivc gcnc".'~.,tors ':~ .. 

.to c.u~/-;enD th~ ~euld~:" ~;o-;'er out/u~. Dizc'.:ar'ge.rogulation will.be .... 

~ , r o , r i ~ e . d  b~/ t ; 7 o  o u t l e t s  az~d ". . . . . . .  :,~ . . . . . . .  ~ ...~ . . . . . . .  - : . . ,  ~. , ~ - , - - - . -  . c, a t ,  o,e.llo . . . .  t , - l ~ , . . ~ ;  to u.. con~.t~ct~c. 

to the left o~ t~c po;'~erhouse. Ti~e outlets wili:be !oe~:~tedtO:tbe '.:~ 

. . . .  ' "  ~ ~"  '@h "outlet Will ' " " "~'~ ~ -" -  - ' ~ , + .  t h e .  o e . ~ ± o ~ , ,  s , ~ i ± , , a y  . , o c t - o n .  E a  "! 

have a r¢:ctanL~lar belL.nouth entr~u',ce with a 22,zoo5 uy::.~-~o~., ....... 
• • . .V 

radial ~,~t ~, ~ " " ~'~' ~ re~SUlatlng .the discharge onto 611 ~ ogee apron,which .has 
. ' v . ' J 2  

ra(~u~ ~mcket on the down~tream-z~rtion. The overflow ' ~. 

spill~ay v'~ll consist of tmree bays separated.b-"! " ~ ' " ' " ":-'(: "i}¢ • ,- 'j : O-ioou 't..']lOK . . . . . .  , . , ~  

~tr~°~-ml~mx, p~ers ".,,'h~ch provide support for~50-foo.t by 50-foot s,}i!l- <,:"~: ~"~ 

w~,:y gates. ~'L~enthc ~e.-,~",~ ~ are raised, .the flow v~[ll, pass.over, an o~ee'" " ~i.i/. 

spillway having a 75-foot radius bucket for the co7=,stme~m ~,ortion, 

,:;..,~ich " v h e n  extended f o r m s  b!:c bucket for the .out!ors. /~his ~bucFLet ~ ~%: 

sc::':ev,, to ':""~"~'-~.~m;.at..c. tm-,~ ~,n=~ ~..,~ o~" the ~~ets from both ,~z~iliv/ey a n d . .  " " ..... 

" "~" ~ ~ "  ~ ' ~ "  -~ : ~ '~ '~ '~"  ~ b O  i~. cutic.ts It : , . z  ,~.nt~m .... u ~ u .  ~. . . . .  ,. 

a'ft.:~r th,:. ~ 

,;levat-.o/~ .15 ~.eb tq 2e feet, cc~:.~,e~.uentiy, .t~,o t.a!± ~.~t~.,r e~,:;',~atmons ..... ~....~:.~: <~: 
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r l  5 4 0  " , . -  . . . . . . . . .  o '~ I i 
t 1 
I 

- I  I 

~rox ,  location o f  :; -~ ~ o ~ l  
control cable french ", y, ( N 
to swi f~yord ".. .... ~ 

- 1 I 

II,,t : I 

S W I T C N ~ A ~ D  ' " 
e* ~ L .  . s t O  . , .~. 

,e 

ioble 1 .,~ . . . . . . . . . .  'Ji~ar " " 

ii 

.-50:0" . . . . . . . . . . . . . . . .  

.. "'i 6"Ot*~,~.~;,,,'sucfacmq EI,655;67:".'.. 
' EI.655,0 ..... = 

.. ;.,.::~ ~¢ ,.;;,': 
I ,Rock fill ..... , "", ~ ; ; " "  :~'; "~'." '"~-" "':": 

Oriqmol qround"~-"~":: ' :e ' variable 
surface - ~ZS~4J "epth 

. " ,~  Oriqinal qraund surface,, 
r . . . ~  ~-~ 

\ \~ ~ E C T I O N  E " E  
. . ~  Roadway to Waste ~ 

• " mater ia l  ;~20ueZo',~. ~,,,,'"Rach f i l l  

.M_f.,ss, ooo Surface.with 6"" Excavation li 
{ ~ ' - ; : .~. Of qravei 
' L , ; "  ' Sand.qrilvel 

~. ~'%~ S E C T I O N  

~'~':-.Sle Section D-D For riprap 
"¢ "'..Strtp fo rock 

h - o S  "'o"" ,... ~_I. ~ £I. 655.5 

Variable Sial 
:~  :~ ~r ~ ~ +~_,~a.~- ~ dram- 

D ' D  

Parapet owa 
;El 659.0 

' -. ~ ; ' , 'g l  - 1 ~Ifer-  24" " ~ 
scr~e,:cd " [ "~ r. 

I qr°vel~ ..... ~ ," . "~"-,~ :~,: ~" Sewer.wpe 

round surface I L  " ,  " "" dra ins @ 40 
~l. .q.~ 
Tailrace channel  "'~"" " i 

• ~F., S~..lmO 

_ Me. c h o n i ~ l l y .  ,. 
tampeo oi~ckfill'" 

Normal H.W..5, EL 6 ~ , . 0 ~  

• S E C T I O N  C " C ,'~ : ': ,~ ' r '~ . ,  

:l In rack I~,.--~ Roadway 

. . . . . . . . . . .  Z5:O,,.~,.:, ,Jp . . . . . . . . .  Variable. 25: O"mm: ...... 

S E C T I  O N  A - A 
I 

L~-"T: of  crest 

.:~:~t. 6S7, 2~ Re terence line 
sea. ~ , 0 * 0 0 . 0  . . . .~  

j : E / 6 5 1 o  Pipe handrail?.,, 8t ld¢ 

-6" Normal H wS ~ ~ I  

Ornvify wall ...... ~ I 

Orlqmal qround.-t . ," ~ , ' ' |  
sort=co 1 ~  

M,n w s , ,  ~ - ~  r <]  

, Lined a.+-~ i ! [ 
• channel....~... 

S E C T I O N  

Ref, r,o<e ]rl sea 1.0"000""  : t e l  

, " Pier - Et, ~,9 SO-~,u k 

sea ~o*03 0..., ~ 

~ Oriqinol qro,and ! 
surface". . ;  "~: 

. . . .  m this confr~ct) ~ --  
Cres t -  £t. S ~ :  007.  s ,!i. ; 

j j  El 520,00-,~ ~, -; 

Oriqin~l qround"  :JOuthne o f  S~ 
; " s u r f a c e  ~ 
:, ..-Std. concrete curb S E C T I O N  T I  r:l~ 
i: #.~E1.:655.75 i 

£# 6660-- " "~l 655.0 openmqs .f  
-"'";-..,3"Drain El. 6~7 0-- k ! 1 1  

. . . . .  " ' , J ; : ] 7 ~ ~ , l l ! l l t l  %. _ J. 

~'Rockftl l  trench 

Top of concrete parapet . .  
wall- El ~.~9.0 : : 

£ r  655.0"~ "~ &13" .  

) 

t - ~  ~ ~ . , ~ , . : . . _ ~  / T Y P I C A L  C R E S T "  D E T A I L  " " T ~ ~  

Concrete catch b~sin with c o s t - ' "  • • • " 5 0 ~  / 
: i rendrain file @ IOOffcrs. FJ,:6¢5-0: ~ " . ~ _ 5 '  . . .Crest-£t~sS, O ,~:;~i;! .... 

• L/initial Olaf downstrcamcofferdom Rock ,flll.~. ~ " ~ . 
£1515 B o~ ~ 

1 . 1  

EJI4BAIIKME~rr .  . . £ X P L A N A ' r I o N  ~ ~' " ,R iver  ,.,n.) ~ - ~ ; . i t  . r ~ ~ "  " : " "  :-" - - ,  " 
(~  Imperv ious m~lr iol ,  o f  :silected_ tdaY" sand, and  dep~sit. .~ -~...'<,.~..~" . . . .  i'" " ~ x c a v ~ f e  to  E.l.455i ~ " "  ; . . . . . . . .  o ,  ~ '~ t r~ 

• q r~ve l  r o l l l d i n~u - i ncn  , ¢ .ompac  l,~llc~yers, To be r e m o ~ i  ~r l  r~.]s't ,~, es d i r~c t l~  ~ c ~  
(~F ldch .s~ r l l n i nqS  f~om roc~ in: reqi~fred,eJcavation, wh~re dlrel ' " NOTE 

_ " rol led• in 12,mch.compacr.ed I~y,ers. ~. . - - R ~ / o ~ m e n ~  not ~ on 1 ( ~  R,zk . , f i l l  ' f r o m  requ. i r t ~  : l x c q v ~ f ! ~ .  w~h screen S E E  T i  O t t  I N  R I V E . F t  C H A N  N I ~ L  

rejec#Sat,o.t¢'r s~op~s-.s .~rt~l - - - - - -  
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; . . . ~  . . . . .  -.'L:;~ . > "  " ' ~  ~ ' ~  ~ l  
. . . . .  . . . .  , , . ?  ) 

" 3 7 S  ° " - ~  . . . . . . .  

? 

G E N E R A L  

" ; ~ ' " £ L  5?0, 

/ f f  

• ~ ,, t j :, , . ". ,Roo f.,ll 
,~' £ t  5 ~ o  - ~ - -  ] ~ ~- . .  . . . . . . . .  

_ Approx, locahon of  ",, "~" ~'~, 
~'.-~V~- ~ '  ,'contrOlfo switchyardCable french '.,... "~ 

: . . . . .  . . . . . . . . . .  

S W I T C N Y A R D  

i@ £L. 6 2 0  e~, 

P L A N  

,t 
. . . .  ' n E 655 6 7  "'- ' . . . .  ~ Grove~ surfoc q -I ~ss o " ~ | 

.... (_ ,i . . . . . . . . .  L . . . . . . . . . .  ~ . . . . . . . . . .  L . . . . . . . . .  .. . . . . . .  

~ : .  , ; v " . . : ;  - . . . . " -  : . , : , : ' ; -  ' "  :-"; '. ~;;:;;:.'.: ~,:;.J.. " 

~J ; " ; , ! ; " . "  ' , ' , ' .7-; ':".: 'Rock screemnqs r~lle6 in iT:. ; " ;~J  
"X~k,.(,'~.:,;'::,',:: : ,,. IZ,lnch compo,~eY luyer~', ,,.; ;',7 - 

~ : . , ~ . ,  -. , . ,  . ~ . . . .  ~ "  ~,.,~:':.., . • / ' 

,able _ . - . : .  , 

real qround surfoce.- .~ '~; .~j- .  , +...", ; , " ' , . :  .':., ~ " 

~oodwoy ~ : : ,  !~7:<,]-/, , - 

• Filter. 2 ~ ' " ~ ~  " . 
" { i l l  screened ~ ~ ' .  . . . . . . .  _~: 

F'~ ,~ .  of  qrawl  
. ~  . .  Sand .q~ve l  

"' S E C T I O N  D ' D  

~*";.See 5ethan D ' D  £or r,prap 
" ' " . ' S i r  p f o  rock 

'~,;. ~l. 5 0 S'.'~°~" 

¢O 

S E C T I O N  C - C  • 

~.,..~:1 In rock i,..-.~ Readwoy 

...Spdlway q:~te hoist house 
Reference line ~/--5f'J, ~ o - s a s l  

Sea.CO*a00 °', :El ~0~ 
Ptee:- ~l, ~,9 SO-,, s~ m ~ . i / . ' £  ~, 65t.0 

I (  
OrlqL~al qround I ] "  1 " "  

. surface --.. I t I - ~  

"- E.~ ,16SO 

5O 0 

.~r .~ l . .£ O F  

~ ' ~ ' "  . . . .  - -  ,<  . . . . . . .  2 {; . " ~  '" . : ,  " t l , l a  ~ I A L  GATE-. .  ; '  . . . ~ ~ ~  "O'. . . . . . . .  ' . . . . .  Variable. Z:;~O'mln .. . . . . .  , , " "  - ~  . . . . .  ~" / -Spi l lway 
/ / ~ ' ~  • : ' "  k C~F~ . . . . . .  t ' "  , - - r ~ .  (Not m thls contract) I ''~ 

~...!, le ; ~5 " r 6  Grovel surfocmq "•, : "., C r e s ~ . r l  S z , : 0 0 , . . ~ . !  
' .'~ ~ ~ ; • i . ' ~ < . .  " ,~ 

~ -,...~-....~;-,- -- , - - - - - - ' t " " . .  ~ : :  - ;  : " ~  ~, s~ooo . . .  I J . .~,'~ - 
Variable slopei' " ~'~-¢..'v:r~ ' l "~ ~ " , ' r , [ ~ , ~ l t . .  .m'. ;~ .  " "~ 4 . /  "., _ ~- , • . ~ , " , . ~ ,  . . ..... 

J~ ~ ~ "  ~ "  ~-~ ~.&.~,,.soo t~dra,n  .... S E C T I O N  B - B  3"Dro,ns@ZScrs " ~ " . .  " " 4 :  ; : . ;P"- '~ ' - "~ " ~ - " = ' ~  . . . . . . . . .  ~ , : ' ~ " ;  / "  £l~.90.o-.. ~ 

,I Orlq|nal qround ) :"~uthne o f  spillway excavation......•~-t.: ~.. 
surface ' ~ ~  • Parapet wall... .~ ,.-. ...... : . . . . . . . . . . . . . . .  50 ' -0" .  ......................... ~ .. .  

. ~ s ~ o  ~-'l.~s~.0 . . . .  .'k ..S.~...Sidewalk ~nd I * ' ~  Raaewo/ "Std concrete c~rb " S E C T I O N  T H R U  O U T L E T  W O R K S  " ,r-~:~', '~.. . . . . . . .  ~ ""  ~ l  : "  " L - ' " . -  • 

4-:.2esent waler . . . .  Mechanically ;. , , ' - ; ~ ~ ; ~ , ' ~ W -  ";~.;-;J'-~'/'-t~7~{~.~:;,'--.3"Orain openinqs 
. -  . . . . .  e.~ - tom ed backhll 1: . ,.~.~.,,.;t.,:.~,~:,..,.~'.I.2,~ . /  : . . . . ; .  . . . .  <~>~. , : : . .# .  I @ Z5 ors 
_ ~ " . . . .  P , , , . % ,  +_  , , , # . .  . , . . ~ . . ' , .  . , ", , • ~ * <  . •  , . .  , +  2 . : -  . '¢,~, 

" l Y ° r m a l H ' w ' ~ J " ' " ' "  " " " " -  ' ' " ~ .  ~ ' r " J " ~ ~ ' £ ,  6.50 
' ..--,.':7£'-. , -  . ' .  SECTIO  A - , ,  • . 

. . . . . . . . . . . . . . . . . .  - "~ '~" '~"  Axis of  dam....~ ~''~_ o f  crest ".-. 
.46 -_ - "  " ~o~,o • . . . . . . . . . . . . . . . . . . . . .  ~ ' : . 6 " G r o v e l  s u r f a d n q  

{ Top of" concrete parapet., p~'o.~s:o~s'-o'~: r'~O:O''" ~"  . . . . . . . . .  ~O'O: 'T ' ' '~ 'O; : "  
r wal l -  El ~Sg 0 : "k IZ~ :'~'~,... ~51dewolk ~ad , c ~  4~:3"roaawoy ! ," . .3"Drain opemnqs # 50"ors 
.. , x.._'~" .~'., ." st'd conc.cura~-- r i i~,,,~.&~'•: "Rockfl l [  trench I,~ o .  '~-.~ ~ ~  t " . ,  , , - r  ~r~•~Ss ~.~ s ,~ ' - ' , . i  ~ : . ~ • ~ . ~ . r l  sss.O £ 55 , "~'-". " - --- -.v- - 

~ ~ " "  ', ~ : . ~ . . ~ . ~ ; ~ , . , r J  ~<'. / . . / . . . • ~ "  : c ~ , r l £ , ~ - "  .Std, concrete curb .,., ,, ; , ~ ;;.,.:.i;q.::.,.~, - -~-:.~ -/r. .- '<-; "- " ~ j ~ : ~  

c,. 

\ ' ~  W C,.~,.>-,"~ ' i . ' " "  T Y P I C A L  C R E S T  D E T A I L  'P o T ' "  
~'~\ [-~<J~" Z Concrete catct~ basin with cos t - "  Axis Of d ~ m  . . . . . .  ~ . . . .  • . r ~ .  O~ ~ , ~  RFSPECT, S 

, .~ \ \ ~  . - ~  C won qrating and e-inch cast . ,  "1~u. ", 
',b~. ~ !! ~. C "~ iron drain {ile #t IOOtt crs. El 64S 0; ~ . ~ : . ~ S '  ..Crest-El ~SS O 

"~I, 473.00 

F'E£'r 

~.-Sto. IR.3709 

S E C T I O N  • T H R U  P E N S T O C K  A N D  P O W E R H O U ~ J ~  

Hormal hiqh vtoter surtoce-£l 6470~ ~ , Z t V / ' ~ C . ~ . ; ' E L F ~ . , ' , . ~  
. . . . . . . .  ~ "" ":~ ~-  " ~  .... Rock fall Cable 

~ ~ ' , . - : ~ . , . , . . . - ~ , / . . , "  ":qa!lerv " 5 , ,  5~c D.D Rock fall.-.. ~40" C= Road~v~y 

e ~ N K N ~ T  "~kPLANA'rtON ~ ~ ~  
Impervious mate riot of" selected cloy, sand, and deposit_,," " 
" qravel rolled in 6. /nch  compacted layers To be removed ..... 

)Rack screeninq$ from Fock in reqmred excovatian, wh~re directed 
rolled in 12.1nch" compacted lovers S E C T i O N  

)Rock t i l l  f r o m  requ,r~d excavation with screen 
rejects at outer slopes as directed, 

" ' •  "~ .. ~i Limit of downst~am 
toe of  cofferdam., 

) Lim tt of  up.stream 
.7 roe or  co f fe rdam ".  

1 ° J - -  

U ~ I J T £ O  STARES 

OUR/FJU G~" R/reat,~lll&lrl~ 

6 E N E R A L  P L A N  IL41@ , S E C T t ~  

nu, cio . ~ ' . K . - % . . . ~ ~  

I N  R I V E . R  

,m',-s.--t- , C-'*' Wastt mat'eriol: 
; iver depast t ........... 
te to 0 . 4 S S I  'P. . . . . . . . .  <t . . , , t o  , • 
- e c t e d  sc.Al.lc o f  ir EE ' r  

C H A N N E L  N O T E ,  
~teinf'orf..Gment no t  shown on this d r o w i n q  
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-determine ' t l~e discharge coefficients .;for :ueve~al ~ c m o s e d  ; ~ m ~ a ~ o e  ,"i'. '. 4!:: '~ 
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deelg~ .e~iee, 
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,.testea. ,varying f r ~  t~e lon~:cu~vCais.! 
l h e ~ p : 3 O O - d e g ~ e e  t u r n - ~ a c k  i n  ~ e s i ~  :.J 

~' excavatt~ m~e~an an~le of ,~O:.de~,eee 

. . ho~me, ~]~ the~eet ~.lov.condl~ona 
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.hl~er dlscharges. ~e "~rai.n~ng lall~ .:.~ e~ween ,the : .... " 

flow ~pillway ~oen %e -elimlnat~ wi~h ~no ~ ;111 effea~s~:~i~, i:th: . ~!, :'i 
~ one, 

. . . . . .  ~rehi~eo~ral 

: 01~e .011f,1-@~ O~ :each 

~;Y~!~he.-::~i~t, as ori~J 
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tora  s ~ e  ~ l O  o f  1 t o  '~/j a n d , p l a c e d  :in:a.:glass-paneled~fl .ume. ' T h e  

model .was constructed, by forming r ib8 :of ~"2 ~inah:by ' ~ inch and ~1 'iinnh " 

p i n e .  boards  i n t o  the ' s p t l l ~  cross-sent i  ~ i:eha~e ,!and ' c o v e r i n g  ~ wl~h 

2~-gage g a l v a n i z e d  iron ~(F Igume : I0) .  'A sheet ,"of ~"12-gage ~vanlzed 

tro~  was used  to  p r o v i d e ~ t h e  ~ a t e  f o r ~ r e g u l a t t n g  the  f o ~ e b a y  water  

enrf~e elevation, i 

5. C a l t b r a t t o ~  ~ af  Out le t -  O r i f i c e s  • -"%',:li 
te.t. th, -,.to . iJ::i  i i 

the  d i s c h a r g e  c o e f f i c i e n t  f o r . t h e  s u p e r a d d  o u t l e t  p o r t i o n 9  o f  the  :~i' i i  

: ~ i l l w a y  s e c t i o n  stud :the e f f e c t  o f  var ious :  en trance  : c o n d i t i o n s  on ithe ~ .~ii 

c o e f f i c i e n t .  The +~oef~ ic i ent  u s e d  wa~ the va~.ue o f  O :in the  :equation, i 

C ~" Q, , where Q..equ~ls .the. prot ,~ty~e  d i e s h a r g e  i n . : c u b i c  ~ 
, A " V  • 

feet a second. A eqtt~e the a r e a  of :the proto~jq~e'op~ID~r.ln square 

fee~. g equals the value of theacceleratlonof gravlt~of i~2.1~a ..... 

second,  and h equate  the p r o t g t y ~ e  head measured i n  f e e t  f resh , the  t o p  ~ 

r~ 
Of the  opening  ~o the water  ~ u r f a c e  u ~ s t r e ~ .  : . ~ .  

The ori~inal outlet ~esi~n, (Design A, ~Ylgure ~) .  was :~.In~e'ffeet, . . . .  

a rectangular ee~ibellmouth with:a flat curve& ,surface at ~the"top ~i::i 

and bottom of the entrance ~ while on :~the :sides. curved piers ~extended :~::i~i~ 

beyond the crpening (Fi~re 3). The bellmouth'~rve,,vas designed 

f ~ m  data  p r e v i o u s l y  ~ o b t a i n e d  i n  the~ h y d r a u l i c  . laboratOrY. 1 . I n  

D e s i g n  3 ,  the curved ~ i e r  noses  were :removed to make ~.the:opentng a 

sharp 9 0 - d e g r e e  c o r n e r . o n  the  s i d e s .  In Design C ,  the  b e l l m o u t h  

c~A-vee on the t~ and bottom of the entrance :were~re~laced~wlth'~harp ~ - '  

;j 

• ,., , 

1 
HTdraullc Model S~zdles for :the:Deslgn of Sluloe ~ntranoe, for;Gm~n~ ~ i: 

Coulee  Dam, H~draulto:  Machtneryi:Laboratary R e ~ o r t  go.  HM-10 Denver,,. : ,  : 

Oolor~o,  September 15, 1939, (~TD-66). 

:5 :'.! 

.. .,:. . .... 
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90-degree corners, making ~he opening sharp .on all feur,,.sidee. . : - " ! ~ i ~ i  

Design D consisted, of ~the o r i g i n a l  bellmou~h, curve ~~ ,the ~o)pt bet%ore.. ~,!~: :~ 

and the sides of the entrance, mskin~ a rectaz~ular ~ellmou~h opening. " :. 

The original design, 'with the bellmouth curve on the top and 'the 

f e e t  to  0 ,95  at  a head of 100 f e e t ,  ~r0to tYpe  v a l u e s .  ~ i s  o o e ~ . i -  

cient vine greater thou 1.0 as the head vats measured from t h e ' t o p  r ' " ~ ~ 

of the o~ening rather ~than the center. In Design B, with the l~ier. , . "ii ' 

n o s e s  removed, the  r e s u l t i n g  c o n t r a c t i o n  of .the ~ e t  ~ o w e r e d  i the c o -  

efficient to  1.0 at a head of five feet: and 0.8? at ahead of  I00 ~ ~ 

feet. In Design C, the sharp corners ef all f o u r  s i d e s  .:eontraoted ~ h e .  ~ 

~et st~ficiently to lower the coefficient ,to 0.84 at a~heacl ,of .fi~ ~ 

feet, and 0.68 at a head of I00 feet. ~he tests clearly showed ~ha~ - ~. 

Designs B and C woul ~ :be ~ uneconomical as the size of the opening would 

have to be considerably increased wi~h ~a consequent increase:in :the : i 

cost of the control mechanism. The e~feot of ro~mdlng all corners to 

form a reotang~Alar bellmouth, (Design D),was tried. :'The coefficients ~ i"~: 

for this design were very good, varyin~ from 1.03 at a~hea~ of five 

feet to 1.02 at a hea~ of I00 feet. Design A did not give as large a 

coefficient at ~e hi~her 'heads as !Design D because Of the suppression ., 

of  the  c o n t r a c t i o n  of  the  Jet  by ~he ~ i e r s  which ~extended ~beyond :the . i 

opening .  The o r i g i n a l  d e s i g n  was u s e d ,  r a t h e r  t h a n  Des ign  D, ,as t h e  : 

~iers wore required for structural reasons. The outl~et~, were :seParated ~.::.~ 

on the ~inal design to place one on each side c~the ~epi!lw~v. Con8~- ~i I 

 ibratio  f o r  Deei  A 

t e s t s  on the 1 to  100 model indicated. .~that  the  c o e f f i c i e n t s  would  ~ e  ~ 

very similar :to ~hose  with the outlets together* . . ~.: 

6. Preliminary Diversion St~le~ 

The design of the temporary structure in the .spillway section,. !~'i!ii ~. 

whiC~ ~xld discharge the river flow during ~the conttruotion ~ the iiii~, 

powerhouse, was studied on the i to I00 scale model to dete~ine the ~ 



t~he f low con~i t ion~ in  the  e~run tu re  and the probab le  s cour ing  ~aet ion 

of the flew c,~ the channel dowaetream (~Igure 8). '.When ~he orlglnal 

model was tested, the flow conditions through the structure were falrly 

m a t i s f a c t o r y  a t  the l o v e r  d i s c h a r g e s ,  but  a t  the maximum/design d i e -  

charge of 60,000 second- fe~ t  p ro to type ,  the s c c ~ r  was ex t remely  rsovere 

immedia te ly  d~.~etream from the e t r u c t u r e : ( F i g  u r e l l ) .  As the  rook 

a t  the d~msite i s  of doub t fu l  q u a l i t y ,  ~his scour  would undermine  ~%he 

s t r u c t u r e  and might c o n c e i v a b l y  r e s u l t - i n  ~its t o t a l  ~dee t ruc t ion .  T h e  ~ 

model was then revised by curving the downstream portion ~ ~he a~ron 

downward on a parabolic curve fro~ elevation 505.00 to ~85.00 to form 

a hydraulic Jump which would dlesi~ate the ener~ ,of the Jet .on ~,.@h8 

apron an~ not  on the rock downstream. This r e v i s i o n  dec reased  ~he s c ~  

somewhat but was not as effective as desired, for the tailvater ele- 

vation was ~oo~hi~h wi~h respect ~o ~the apron, ~,thue submerging ~.the 

Jump and reducing its ei~fectivene as- The study of the ori~Inal diverslon 

plan wa~ diccontinued as theultlmate deei~ models were read~ to In, tall 

in the I to I00 seals model box. These early ~ests demonstrated .that 

the temporary eplllwa~ would have to be provided with an e~'e~Ive 

energy dissipator or the str 'u.cture could possibly be destroye~i~y the 

se~'dring and underminin~ a c t i o n  of ~he f l o w  ae i~ '~leaves ,the apron.  

7. ¥orebay ~p@l Studies 

When the preliminary studies were concluded, the strucfure repre- 

aen t in~  the u l t i m a t e  s tage  of the powerhouse and spillway werepl aee~ 

i n  the 1 to 1~0 eon le  model box (F igure  ? ) .  S tud ies  ~ere made t o  

a s c e r t a i n  the adequacy Of the foreba~7 cha~nel .  The d i r e c t i o n s  of  the 

c u r r e n t s  in the fo rebay  were de te rmined  b~ adding  a small  s tream cf  

potass ium permanganate s o l u t i o n  to ~he water .  

The i n i t i a l  t e s t s  on the o r i g i n a l  de~i~n de~onst~'ated t ha t  when 

the  f low was passing" through the powerhouse only ,  the  f low had a ~en- 

denny to  c o n c e n t r a t e  on the l e f t  s i d e  ~ the  forebe~v channel  and fo r~  

1 
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a r e t ~ n  marrent  on the r i g h t  s i d e  ~ ~he . channe l ,  lesvlndt an  ,a~ea 

in  the  cen t e r  wi th  no a ~ r e n t : m o t i o n  ' (~ i~are  5 -4) .  "At the  h i g h e r  

d i s c h a r g e s ,  wl th  the s p i l l w a y  i~ o p e r a t i o n ,  the  f low cond i t i ons  were 

Eood as the ~ re~ te r  ~ o r t i o n  o f  %he f low con t inued  s t r ~ i g h t  over t h e  

~pillway while  t ha t  p o r t i o n  which en t e red  the  pens tocks  t u r n e d  at  

~he p o i n t  where the c~hannel widened, t h u s  ~ r e v e n t t n g  the  ~for~a~ion o f  

mo t ion le s s  a reas  or  upstream ~uA-rsnte in  the  forebaT.  

In Design 2, -the r i g h t  bank yes e x t e n d e d  p e r ~ e n d i e u l a r  ~to ~the 

Ioovorho~se (Figure  5-B).  Flow c o n d i t i o n s  in  t h i s  desi-~:n~trore ~only 

s l i g h t l y  improved over  those  in  the  o r i g i n a l  ~doeign ~a8 the  l~pstres~ 

e~xrrent8 and motionless are~ were still formed at the lower discharges. 

Xn Deelg= 3, the right bank ~ms extended from the edge of the 

powerhouse ~rallel to the axis of the spillway (Figure ~C). Sone . 

eddies were present when %his design was tested, but they were not as 

large as on the preseding design and ~he excavation would be consid- 

erably lees. 

In Design 4, (Figure 5-D), the right bank was extended~fr~ :~he 

edge of the powerhouse at an angle c~ 30 degrees from the axle c~ 'the 

powerhouse. There were less eddies with this desi~ than with any~o~ 

the previous designs tested. This desi~ was abandoned, however, ~ae 

a vo r~ i ee  was i n t e r = l ~ t e n t l y  formed in f r o n t  of Pens tock  ~o. 1.  

~5~o designs were ~r~poee~, :Designs ~ and 6, similar to designs 

and 3, res~ectlvely, differing in the curvature of the excavation 

(Fi~ee ~-C, D, ~, and F). A 8erles 'of ,~teet| were made to dete~ine 

the head discharge relationships through the spillway and powea'ho~se 

f o r  Designs 2, ~, ~,ld ~ ( F i F e s  ~- ] ,  E, and F, 12 and YJ). .Sueh.a 

study was necesear~, as any .design whloh w~uld entail greater ~he~d 

losees ~h rou~  the a ~ r o a o h  ohannel would l o v e r  the water  8u.-~a~e . 

elevation above the ~enstocks. reducln~ the p~wer head. ~ this ~head 

l o s e  were to amount to  s e v e r a l  f e e t ,  the s a y i n g  in  o o n e t r u o t i o n  oos~e 

8 
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.~h~ough r e d u c t i o n  o f  t h e  rock  e x e a w a t i o n  .would ~be moz~ , than , ' ~ f | e t  

bF ~the l o s s  i n p o w e r  revenue  d u r i n g  %he l i f e  o f  t h e  e t r u o t u : e .  '/It 

was n e c e s s a r y  to  u s e  e x e ~ z e r ~ t e d  d i s c h a r g e s  t h r o u g h  the  p o w e r h o u s e  

i n  t h e s e  ~ e s t s .  f o r  a t  normal p r o t o t y p e  ~disahargea ,  no d i f f e r e n e e o  " 

c o u l d  b e , d e t e c t e d  b e t w e e n  the ~var ious  p r o p o s e d d e s i g n s .  T h e  ,sha~e 

o f  t h e  f o ~ e b a y  had v e r y  l i t t l e  e f f e c ~ o n  ~the  r e g a i n ~ o f  i ~ r e s s u r e  

head from v e l o c i t y  head, ~or~on t h e  emoun~ of  water  whi:ah c o u l d  b e  

leads to pass through the penstocMe ~or spillway at e. ~ivenr'~relBle~L-'Toi~ 

e l e v a t i o n  ( F i g u r e s  1 2 a n d  1 3 ) .  I t  w a s - c o n e l u ~ s d  t h a t  ~eddies  p r e s e n t  , ~- 

in  D e s i g n s  2 and 6,  p r e v e n t e d  t h e  r e g a i n  of  v e l o c i t y  heed ,  ~vh i l e  i n  

D e s i g n  5.  i t  was eaused'~by!~the f r i c t i o n  l o s s  thorough t h e  ~o ircuf~oua  

approach .  D e s i g n  6 appeared ~o have  , t h e - m o s t l , , ~ l a t i ~ a c t o r y  .f~OW' con- 

d i t i o n s  and was t e n t a t i v e l y  recommended.  As ,an economy measure ,  the  

c o n c r e t e  l ~ n t n g  was e l i m i n a t e d .  

l~es ign  7 ,  s i m i l a r  t o  l D e s i g n 6 ,  was i n s t a l l e d  in the :rood.el ,and: i,: 

t e s t e d  :~o a s c e r t a i n  f l o w  c o n d i t i o n s  in  the  event  the  number o f  .~ove:  

u n i t e  were d e c r e a s e d  from ~ to  ~ (F ixAte  5 - ~ ) .  ~Flow c o n d i t i o n s  were 

ver~ satisfactory. However. a motionless are~ was present along the 

right wall near the powerhouse which indica.ted that the ,wall could 

be %%%rned back with a curved surface, D~eiEn 8, rather than the~plane 

surface used in Design 7 (Figure 5-G). As Deslgn 8 w~uldfurth r 

reduce the required excavation and at the same time slightly img~e 

the flow conditions, it is ~herefore reco~ended that this deei~n~be 

u | e d  on the  p r o t o t y p e .  I t  was n o t e d  ! that  as .the s ~ i t l w a y  d i s c h a r g e  

i n c r e a s e d ,  t h e  flow e n t e r i n g  t h e  ~ e n s t o c k s  moved , f a r t h e r  downstream 

b e f o r e  t u r n i n g  ba~k and e n t e r i n g  t h e  l~ens tocks .  I t  ma~' b e  ~ a n t l c i p a t e d ,  " ~ 

t h e r e f o r e ,  t h a t  a t  a c o n s t a n t  r e s e r v o J .  ~ e l e v a t i o n ,  the  h e a d  a v a i l & h i e  

at the '.tumbine~ will drop somewhat .when the spillway discharge in- 

c r e a s e s ,  due to  the  i n c r e a s e d  head l o s s e s  i n  t h e  f o r e b a y .  

9 
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8_. Tailt~a~e Wall ~ S~die.~ 

Several ty~ee of :retaining walls and "embankments on~the.:'eides~of 

the ~owerhouse tailrace were tested,to~dete~mlne whether :,or not ~,the 

type of deai~nhad any marked effect on ,,the refain,of -static hea~ 

from velocity head:between thedraft tube,~outleta and ,,the rlver-,chan- 

nel downstream. The riverbed :was ,ca~ed with,a~one-inch layer:of 

concrete to maintain the s~ae riverbed du~ing the~tests. Concrete 

and wooden blocks, formed to re~resent various designs for the--em- 

bankments and retaining walls, were-~laced'in the~model during ~e 

sourse of the tests (Figures 14 and 15). A sheet metal ,:gage~,wel~ 

~ith a one-eigth-inch s lo t  on t h e : b o t t ~ n  was ~laced 'on t h e d o w n s t r e a m  

face of the powerhouse to dampen the surges in i~the~.tailrace-~va~er 

s~r face  e l e v a t i o n .  Point  ga~,es, wi th  n e o n ~ l o w  tubes a t taohed:! fo~ 

greater accuracy, were used to measure thewater:eurfaoe in ~the we~ll 

and at a point on the river channel ap~roxlmately~l,OOO~feet (pz'oto- 

type) downstream,from the toe of the spillway. The powerhou~e:~tee 

were fully opened to give an exag~.erate~ dlscharge~of approximately 

72.~00 seconl-feet (~rotctylo_ e) to accent~ate~any slight,dlfferencee 

between the various proposed designs. The orlginaldealgn Provided 

for erpenslve retaining walls,,on both the rlght and left sides.of 

~he powerhouse t a i l r a c e  (Figure~l~-A) .  The t e s t s  showed ~that t he se  

walls were unnecessary as ther~ was only O.l~-foot~(prototype):of 

head rega/ned more than that regalned whenno walls whatsoever were 

~ r e s e n t  (Figure  I~-B) .  Y ~ u a l  s t u d i e s  i n d i c a t e d  t h a t a  shor t  . t r a~n ing  

wal l  was neoesaa ry  at  ~he  r i g h t  s ide  of the  l~owerhouee to-l~revent,~the 

fo~matlon of undesirable eddies (Yi~mu'el I~.3~. 

9~ Sul~lway S~udies on ~he I to I00 S__~a~e~,Nod~e~ 

Obse rva t i on .o f~ f lo~  c o n d i t i o n s  on the i t o  100 s c a l e  model of .the 

o r i g i n a l  desiRn i n d i c a t e d  tha t  u n d e s i r a b l e  scour ~ould occur a t  :~he t o o  

of the spillway at low discharges (Figure 16..A). It was also observed 

t ha t  the  i s r ~ c t  of the  Jet  t r a J e c t e d  f~om t h e s p i l l w a y  buoket would 

pr~uce a l a r g e  amount of ~prs~v and slat when l~ s t r u c k  ,the ~m~er 

,,eu~ace downstream (Figure 16-B). This wo~d  be t roublesome to  ~the 



outdoor electrical system as the:ev~poratlor~ cf :the river :water would 

leave a deposit of Balts whlch:wouldcause ex~enslve power lea~ if 

a l l o w e d  to  a c c u m u l a t e .  T h i s  f led  ~to t h e  d e e t ~ t o n  , that  ~the s w i t c h y a r d  

s h o u l d  n o t  be l o c a t e d  on t h e  l e v e l  a r e a  a t  e l e v a t i o n  5 ~ O . O O b e t v e e n  

the powerhouse and the s~illway, as a~oertain~amo unt of mist w~ll~.be 

formed regardless of the type of spillway used, cA l.to ~8~soale.~zeo - 

tlonal model- ofthe spillwap was constructed ~to determine ~.flow .charac- 

teristics and n e c e s s a r y  a l t e r a t i o n s  o f  t h e  t r a j e c t o r y  ~ u e k e t  d e s i g n .  ' 

An a l t e r n a t e  scheme was t h e n  p r o p o s e d  e m p l o y i n g  t h e  r o l l e r , b u c k e t  

design, which placed ~ the bueke~ ~lip.- at .elevation ~90.00 (Figure"6 -y). 

The 1 ~o I00 model was revised. ~y~lowerlng the--~ottom ~of the ~bucket 

t o  e l e v a t i o n  4 7 0 . 0 0 .  c h a n g i n g  t h e  r a d i u s  ~to 75 ~ fee t~and  t h e  ~ l i p  7to 

e l e v a t i o n  ~90 .00  ( F i g u r e  6 - F ) .  The e x t e n t  o f  t h e  rook e x c a v a t i o n  ~ ~ 

required downstreamfrom the s~illwa~ was determined~~y eweep~out 

tests with the rock progressively at elevation 505,00, ~510.00, and 

515.00 (?igure 17). Ylow conditlone were most latisfactcry when ~he 

rook was excawAted to elevation 515.00-as the'hydraullc,~Jw"P ~emain~d 

on the bucket at consldera~ly hlgher dlschar~es than ~when~mo re~c~the 

rock was excavated, end in addition the ~reduction in ~rock~excavation ~will 

make some savlng in cost. 

Additional tests on the I :to ~8 scale model indicated ~hat a 

bucke'~ design which consisted of a ?S-foot radius bucket and lO-degree 

upward sloping apron~mi~t give as good results as the deslgn~wi~h~,~he 

7~ '~o~ t  r a d i u s  b u c k e t  ( F i g u r e s  6-H and 1 8 ) .  When t h i s  d e s i ~ . ~ a e  

~ l a c e d  i n  t h e  1 t o  100 s c a l e  model ,  ~ d i e ~ h a ~ g e s  o f  ~10,~O00 : t o  l~:.O00 

ee~end-feet, the-.eddp currents on ..th~-.bucket were ~.very eev.e~e~and.mi~ht ' " 

.scour-the l~retotype bucket if piece~ of rock ~hould~ge.t.inthe flew-and ~' ~i~ 

r o l l  bank  and f o r t h .  In  a d d l ~ i o n ,  t h e  s p i l l v a y  J e t  e w e T ~ o f ~  : t h e  a p r o n  

,~t a discharge c~ 15,000 eeoond-feet at ultimate tailwater elevation| ~:~ 

a~d when t h e  d i e a h ~ g e  w a s  i n c r e a s e d  t o  100 ,000  ~ s e c o n d . b e s t  a t  u l t i m a t e  

t a i l w a t e r  e l e v a t i o n ,  t h e  m a t e r i a l  d o ~ n s t r e a ~  f rom t h e  b u c k e t  was 
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vaahed to a depth ~ofi15 leerbelow the:lip. Ae,thls would tend~to ~ i! 

undermine and endanger the structure, , t h e  7 . ~ f o o t  ra~llus bucket~ 

design was replaoe~ (Fig~re 6-F). 

i0, ~illwa~ ~ ~ro~ile Studies, o~ the I ~ : o : A ~  S~,a le  Model i 

S t u d i e s  on t h e  l~ to  A~Smodel showed t h a t  i t  would n o t  b e , e ¢ o -  

nomlcal tO eonstruot:aaloplng a~ron type:of energy dissipator, aa 

the apron would be extremely Inng, and the trainlng walls excessively 

large to wlthsta~d the preesure differential, thus the :study resolved 

itself into deterv,~inlng the type of bucket design which would give the ~J r 

most eatlsfaotor~ results at the lowest cost. The ori~Inal deslgn ~ave 

results similar to those on the I to I00 scale,model (Figures 6,,and ./ 

19) .  P r e l i m i n a r y  s t u d i e s  d e m o n s t r a t e d  t h a t ~ u n d e s i r a b l e  s c o u r  a t  t h e  

lower dlscharges could be prevented by lowering the bucket rllp ~tO 

elevation 493.00. but that I% would have to be lowered to elevatlon 

I~?0.00 before the Jump would remaln on the apron for all probable 

discharges. A 22-foot radius deflector was placed on the downstream ~. 

face of the original designrbucket to minimize scour at t h e  toe~:O~ 

the structure (Yigure 6-~). The deflector failed to function cot- . • 

rectly until it was lowered 12 feet, where it was~fairly~effeatlve " i' 

in preventing scour (~igure 6-0). Slnoe it wouldbeJdlfficult~to 

b u i l d  t h i s  t y p e  o f  d e f l e c t o r ,  a~ d e s i g n  was t e s t e d  which  c o n s i s t e d  of  

a ? - f o o t  l o n g  h o r i s o n t a l  she l f_  a t  e l e v a t i o n .  495.00 .  w i t h  a ~  t o  ~1 

slope t o  elevation 505.00 (Ylg~re 6-D) .  S o m e  so6ur o c c u r r e d  w i ~ h : a  

discharge of l O , O 0 0  second-feet t h r o u g h  t h e  ~pillway a t  u l t i m a t e  ~, 

~ a l l w a t e r  e l e v a t i o n .  T h e r e f o r e  a h o r i z o n t a l  s h e l f  5 0 L f e e t  l o n e  a t  * 

e l e v a t i o n  A~5.00 was s u b s t i t u t e d  ( F i g u r e  6 - E ) .  O o n ~ i d e r a b l e ~ s c o u r  

was s t i l l  p r e s e n t  when the  d e s i g n  was -~ss~ed a t  a d i s c h a r ~ e  o f  

lO,O00 to  1~ ,000  s e c o n d - f e e t  a t  u l t i m a t e  t a i l w a t e r  e l e v a t i o n s ,  a s ! t h e  

v e l o c i t y  o f  t h e  f l o w  a t  t h e  end c~ t h e  s h e l f  was  g r e a t e r  t h a n  c r i t i c a l  

v e l o c i t y .  Th i~  c o n d i t i o n  was n o t  p r e s e n t  when t he  s h e l f  was l o w e r e d  

12 



to elevation ~)0.00, anl tests Indlc~ted:'t~t mu~ ,e deelgn-vou~A 

effeotlvel~ prevent the scour :at ilov ~imehargee (¥igures ~-~and 

i~-0). Even at the ~it~te:tailvater elevations, these vas~a luf- 

flclent depth of water over ~the shelf ,so that most of the kinetlo 

energy yes dissipated b~ turbulent eddie~ before the:flov le~ ~he 

shelf. The flow in thee design voulA sweep c~f the husker ~at a,rile- 

eharge of 20,400 second-feet and the,e~eep cenationpolnt was 8.000 

seoond-feet. 

A revi~ed bucket demlgn, which c~nei|teA of a 7~-foot r~lue 

bucket with the forest portion at elevatlon:~?0,00 and ~the Yip ~:at 

elevation /4~90.00, yes placed in the I to~8 soale model for testing 

(Figures ~-F and 20). At the sane flee. rnevable~me~al eeetlone 

vere built to fit on top of D e s l g n : ? t o  t e s t  o t h e r  :deei~ae. The 

next  r e v i s i o n  had a lOS-foot  r a d i u s  vi~h the  l i p  a t  e l e v a t i o n  t~)O.O0 

(Fignr~ 6-~) .  Another r e v i s i o n  h a d  a 7~- foot  r~d iue  oR1~re o o n n e o t -  

ing the parabolic s u r f a c e  with an apron d o v n | t r e a ~  ~nich e lope~ 

upvard a t  10 degrees  to e l e v a t £ o n ~ 9 0 . 0 0  (Ti&-~re ~ ) .  ~ h e  f i n a l  

r ~ v i e l o n  t e s t e d  h a d : a  ~ - f o o t  radiu~ curve connec t ing  ~the p a r a b o l f o  

surface with a horlzontal apron at elevatlon:~0.00 (Figure (~.~). 

Each r e v i s i o n  was t e s t e d  to  ob t a in  sweep out ourvee and observe  the  

~elatlve scour and turbulenoe to determine the most suitable design. 

Design 7' gave the beet results, as lares evee~ ~ t  and eoour r:Ve~e ~* 

c~ncerned, bu~ ~Deei4~n I0 was ~the leut turbulent ,rhea the Iveepi~/ 

Jet was brou~t back ~n the apron. Hoverer. as the soou~ ~e ,Tel7 

great at hlgher diso~arges with the ho~i|ontal husker, Deelgn:10 

abandoned. Design 8 v t t h  the  lO0-foot  r ad iu s  buoket ,  was n o t  v e ~  

|atlefactorT as the flOv:evlpt off the ,apron at eomparativel~v/lev 

dleohargee, but Design 9 vlth ~he 10-donee ~pvlurd:eloplng ap~ 

promise ~ being a gatlafaotory deei~n~and va~ belted on the:l to :I00 

::. : • 
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noose mo~el along with Dest~ 7. The 1 ~to 100 e~.~&le model %este 

demonstrated that Deni~n 7 .would ~ve ~he,mOst s&t is factory remzl~e, 

I t  vs|  t~erefore, adopted an ~he recommended deot~: '~(Fif~e 6~F), 

l~esBttFe tests were also made on ~he spi l lway for  %he or ig i~k l  84~ 

rec~mnended designs ( Y i ~ e s  21 and 22). 

Ii. S ~  c~ AT~ourte~t ~ea~ure8 

The behavior of the I to i00 model indicated that ~he tralnlng 

wall between the a~illwa~!~d outlets could be lowered from elevation 

550.00 to elevation ~23,00, with little likelihood of bein~ o~er~ed. 

eapecla!l~ at the ultimate tailwater elevations. ~ubsequent ,tests 

showed t ha t  a p o r t i o n  of,  and even a l l  c~ ~the l n ~ e r m e d i a t e / ~ a i n i n g  

wal l  could be e l imina ted  without  producing  u n d e s i r a b l e  f low cond i t i on~ .  

If anything, when the intermediate~tralnlng wall was removed en~Irel~, 

the flow spread out over the entire ~ucket and consequently bld not 

ew~eep off the bucke~ at as low discharges, and in addition. ~he eavi~ 

in cost w~s consldera%le. ~nen the pier nex~ to the outlet sec~Icm 

was streamlined similar to the other lplers, very little more water 

fell into the outlet section than before, land as ~hlelmproved the 

symmetry of the s t r u c t u r e ,  i t  was dec ided  to  s h a p e  a l l  p i e r s  t h e  same. 

The appearance of the  s p i l l w a y  s t r u c t u r e  was improved from t h e  a r c h i -  

t e c t u r a l  s t andpo in t ,  by p l a c i n g  one o u t l e t  on e a c h  s i de  of t h e  o v e r f l o w  

s p i l l w a y  s e c t i o n ,  instes~l of bo th  o u t l e t s  t o  the  r i g h t ,  ae in  t he  o r i -  

~inal design. The I to I00 scale model was changed accordi~gly~ a~ 

tested to ~termlne ~he effect of the ch~uge on the ~dra~llee~f the 

structure. Calibration of ~he ri~t and left outlets showed no 

apprecla~le difference in the dlucharge coefflelent, @ueto the contrac- 

tion by the p i e r s  on the r i g h t  and l e f t  s i d e  o f  the o u t l e t s .  Loea t t ng  

the  o u t l e t  works symmet r i ca l ly  a l s o ,  A~reatly reduced the  edd ies  on t h e  

s~ill~ bucket (Yiguree 18 and 2~-A), 
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~L 

t ~ . 

-qtudle8 were made on var ious  ~ypee 'of 8~erps ,mad t e e t h  to  

obta in  a ~Tpe which vould prs~L~t .the ~et from s v * * p ~ , o ~  t ~ e  " 

h u s k e r .  ~he mos~ 8 u e o e s e t u l ~ d e s l ~  n e, m s i e t e d ~  a d~able,: ,x~v~of 

steps on the  beaker  and ;p~l lv8~ m e . i o n s .  Inaenueh 8~ t h e s e  

8~epo would always be unAer r a t e r  and ~he 8 p l l l m ~  In pz~Oti-  

s a l l y  o~nsta~t  opera t ion ,  i t  would be d i f f i e u l t  to  r e p ~  ~them i f  

t h e y  should be damaged, conse~aent ly  t h i s  d e s i g n  v a a t b a n d o n e d  in  

f avo r  of the  smooth:lw~okst. 

To minimtse the  ~xse ~ r e in fo~o in~  s~eel.o i f  ~l~oosi~lo. ~it 

proposed t h a t  the  s lope of the  r e t a i n i n g  w a l l s  a t  t h e  8tdes~of  :the 

8~t l lmW ~c~cet  be changed from ve r~ ioa l  t o : a  s lope  o f  o n ~  ~o 

one, Mhon the one-hs~f tO c~te s lop in~  wal l s  ~or~ t e s t e ~  o~,,~ the 

mod~l, water  f lowed u p o t r e m  ad~soent to  t he  wal l s  an t i , e rec ted  s e v e r e  

ed~le8 on the bucket ~hieh Inereased ~the ten~enoF ',for !iMxe J e t  .to 

8veep o~f the-buoke~ (?t~are 23). ~hi8 .bMk ~low could not be ,~o -  

vente~ on t h i s  d ~ 8 i ~  as i t  m ~=sed by, the ,.lover n,t~n' ,sm.faoe 

elenmtiems on the bu~ket~ due ~o ~he ve loo t t¥  hee~l.. M ocnpa~ed wi th  

• the ht~her  w a t e r  8u~aoe  ~ e l e v a t i o n  -~in ~he ~ i v e r  ehannel .  T Fo~ ' t hose  

~ m s o n s ,  I t -was  recommended t h a t  the  ,re~alnlng v.~lls be mule~,v~"~i~1,* 

G~te operat ion tests ~hoveA that the l e f t  a n t . r ~ h t ~ e s  ~ h e ~ d  

ke opened the sane aaount sad the een t~ r  g s t e  should  b e  opene~ one - 

hal~ as mush ~s the  o~her tim g~tes .  I t  ~r~ll be n e e o s s a r y ~ t o ~ f O l l ~  

thls ope~&tlon ~te~n on ,the prototype :to prevent the Jet"fl'em 

noeplag off the ~u~ket st low dlschar~es (F1~m~'e 2h-A). 

IZ. Diversion O~u~ies 

A~ the c o n e l ~ t ~  of t h e ~ u l t i ~ t e  desi~p~ tes ts  on the 1 t o l O 0  

e e s l e . ~ e l ,  the oenter sect ion of the ove~'Ao~ opil l~a~,vem zwmove4. 

•nd the  p i e r s  of ~he d t v e ~ s i o n  p l an  t n e t m l l e d  (Figure ~-C). ~ho 

~ t a a l  d i v e r s i o n  p lan  consis~ed of t h r e e  b s ~ ,  separa ted  by lO-~Got 

t h i c k  p i e r s ,  each of ~hi~h i s  d i v i d e d  i n t o  t h r e e  ohannele b~ two 

~ - f e o t  t h i o k  p i e r s .  ~ ~ the  n ine  ohanuels  oa~ be elosed 



~ l a e i n g  e tc~ l o ~  in  the s lope  p r o v i d e d  a t  the up~t~Bam and  o f  

the piers. 

The modal was tested at discharges of 25,000, ~0,000, and 

60,000 .econd-feet, to obtain the velocities through the various 

s e c t i o n s  of the  d i v e r s i o n  channel  a n d  s t o p - l o g  s e c t i o n .  A , .ser ies 

of tests were made wlt~| (I) all three ba~'s open~ C2) the right 

be~V c losed :  (3) the cen t e r  m~d r i g h t  bay c losed  and  f i n a l l p  (A~) 

~he l e f t  and r i g h t  bays c lo sed .  The water  su r face  e l e v a t i o n s  ~a~d 

energy  g r a d i e n t s  were ~ l o t t e d  and compared wi th  p l o t s  of t h e  ~ e ~ -  

~uted p ro to type  water  su r face  and e n e r ~  g r a d i e n t s  ( F i g u r e  2 5 ) .  

Cons ider ing  tha t  the  bottom o f  t he  model did not  s t r i c t l y  conform 

to  the  p r o t o t y p e ,  th~ cornered  e~d r a c e , r e d  va lues  checked rVe~ 

well. These tests showed that when ~II three ba~s are open, the 

velocities would become greater t}u~u critical at discharges c~ 

acre than 25,000 second-feet through the downstream end of the 

approach channel (station 32 ~- N2.50 to station 36-~ Z3.1~). 

In  a d d i t i o n ,  an ~ d e e i r a b l e  w h i r l i n g  p i e r  c o n t r a c t i o n  of f  oc t  va8 

note~ a t  the r i g h t  p i e r .  The re fo re .  i t  i s  recommended ~ha~ e~OP- 

logs  ~.~ p l aced  in  the r i g h t  bay ea soon sue p o e n i ~ i e .  I t  i s  fea~ 

sible t o  elude two bocce after the earth dam has been contemplated 

to elevation 575.00 to enable the placing of mass concrete in the 

epillwa~y section. ~he reservoir would then overtop the upstream 

cofferdam, but no ds~ should ~ccur if the earth dam were comple- 

ted to  t h i s  e l e v a t i o n .  D i v e r s i o n  ~hrou~h the o u t l e t s  may beg in  as 

soon ae they are com~lete<1. 

C O ~ D ~ I O ~  

1,~t. R e~l~ts, of ~h,e L u v e e ~ i ~ t i o n n  

Severa l  t~pes of be l lmeu th  en t r ances  f o r  t h e  o u t l e t  e p t l l ~ a ~  

yore tested on the 1 to ~0 scale model, ~ut as ~he original semi- 

bellmouth deel~n ~ave s a t i ~ a c t o r ~  discharge eoefflcien~s, i~ 
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r~ k 

eeleo~ed ae ~dm .reo~mmead,~ deaign .  The p~ellmina~Ive~elondoeIgn 

~en~ed en the I ~o lO0 eoale model was £n~s~ate. as ~he flo~ woula 

ecou~ ~he ~Iverbed dewas~reM, and probabI7 e~lan~e~ ~he 8~e%u~e. 

A ~evlolon was tem%e~, bu~ an I~ ~e stlll ~ma~isfao~oz~. a~li%lem~l 

%este were made a t  the conelunion ~ of ~he~e~udlee one,he ul~Ima~e 

design. 

The i %o I00 scale model of ~he ultimate deStrg~ WaS ~eo~ed %0 

d e ~ a ~ t n e  the moe~ p r a n t i c a l  and economical .sha~e of .the fo~ebay  

eq~proa~h ohannel .  The shape was ehanged e o n s i a e ~ a b l y  f ~  %he ~:oz'L~L~ 

des ign  without  reduoln~ the head a v a i l a b l e  f o r  power l~oduo~ion,  i:The 

reocmmend~ design effec~ed a marked :saving in excavation costs ove~ 

~hooe of ~he original design. " 

An investigation of several proposed designs fo~ ¢~ re~alning 

wal ls  at ~he c i d ,  s of  %he powerhouse ~a i l ra~e ,~s  hallo %0 e~£e~  

oe~omie8 i n ~ h e  d e o t ~ .  The %~oo of retaSa~i~ I,~11 ~AI l~ttla ~,,O~e~ 

O~ ~ e  ~5~fe~enoe i n  w~e r  8 ~ a e e  e levat ion  at ~he penf~oek, o~tlo~e 

eu~ the r i v e r  ohannel0 thue £t made l i t t l e  d i f f e r e n c e  i n  ~owor pz~-  

of',e, ehol~ wall on the r l g h t  nid~ of the powoz-houne to ,preven~ ~he fo~- 

~ion of undesirable eddies ,  Thim design will be mush c.~eaper %0 

1~id than ~ho original propoooa ,aesir,. 

Spillway pr~fil,a etu~les .were oon&ue~ed, on ~he 1 .~o I00. and 1 '~o 

scale model8 ~ dete~Ine ~he Io8~ sa~lefa~to~y :8hape:for ~he down- 

stream ~ke$. The ~e8~ tha~ was flnaily evolved consisted of ~a 

l~w buoke% ~nleh served as a ~oller bucket a~ lower disohargee and as 

a ~ ~ ~ k ~  at higher dtseh~r~ee. :O~t limitatlone pret~en~e~1 

%he Ae~i~n of a ~lopln~ apron or of a ~rue rolle~ ~m~ket. Thet~ofo~e, 

i~ Ig . fe l~o~hat  ~he ~ec~nended spillway ~Lee~n In ~he mOS% pl~e~i- 

sable under the ooz~i%to~a Impose&. 

~t 
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The etudtee prodnoe~ ~u~Lh~r eeonontu ~n ,~,he ~osign by e l t u i -  

~ i n ~  the ~nte~no~tate t ra l l~L~ v8~1 ,1De~¥eon .the out let  8uld OVO~Ov 

~ p t l l v a ~ .  ~L~.e ~ehtteolmz'a3. a~earanoe 'vae teetered. ~ . t~  no d e t H -  

~tental h y ~ m a l t c  aondLttion8, b7 p l ao tng  one o u t l e t  on omah~etde of t~m 

o v e ~ l o v  u~ i l l v8~ ,  inetolul  e~ both ~o the  r i g h t  as ~ t ~ t n s l l F  dos i~edo  

Tvo ~ of grope on the e p t l l v a ~  vould a i d  in  ~ ien tpa t in~  the,  enermr 

the  J e t ,  but  ag i t  ~ d  b8 . d t f£5 . e~ t  to  r e ~ a i r  then,  t h e i r  a ~ -  

$ ~ o t t o n  v u  not reoonnen~o~. ~~o 8p t l l va~  : e t a t n i n ~  ~a~le oould 

no~ be ~ u t l t  on a ~ne-ha~ t o  o~e ~ elope, tneta~1 of v e ~ t o a l ,  u 

OtlS~g ..eddies f o ~ o d  on the  bunker  v e u l d  h e l p  .to ewoop of f  the  ,~et. 

• OetJ m~owod that  the aplllm~y r ' ~ t O 8 0 ~ d  be opezmte4 i n  s ~ h  a 

nsmge~ .tha~ f o r  a l l  ~ i e e h a ~ e m  t h e  F i g h t  r ~ l ~ t  ~atem ~ehoul4 be  ope~ 

s~ equa l  8nount ,  and the oen~or gate  o n e ~ u ~ f  as nu~h as :the o~hs~ 

'.~.a~o:..~l~o f i n s 1  doei~n of the d~verete l  p lan ~ e  found to be p r ~ l -  

o~ble, and f l o w  ~ondit tone wore 8atiofa~tozTo 

R e o ~ e n ~ t i ~ s m  

On the b~ele  of t h e n o d e l  e tudiee0 t t  i s  r e c ~ e n ~ e d  tha~,8 - 

&. ~he origlnal deei~n se:Ibellnouth ~rpe of entz~oe~be 

~ee~. on the  o u t l e t s .  

b.  ~L~o d ive~a lon  p l an  be ohanged b~ p l a c i n g  ~ e  ~ t ~ m t e  

de s ign  bueke~ a t  th~ end ef  th,~ ~pron t o  so.re a: aa e~e~u 

d i s s i ~ t o r .  

e. The shape of the fo~'eba~v b e ~  t o  rednee the 

exoavatlon r~red ( 7 1 ~ e  ~ ) .  

d, The r o t ~ i a l ~  ~m~l o~ the l e~ t  oid~ ~£ the f a i l . s e e  : ~" 

be e l l n i ~ t e d  :m~ ~ a short  t e l l  ~ i l t  on the r i g h t  eid4. 

e. The m ~ t l l ~  bucket n~y ~e le~ered to  e leva t ion  

~?0000 ~t  the  l c ~ e e t  p o i n t .  ~ t t h  the  l i p  e l e v a t ~ e n  /~0 .00 ,  

18 

i 
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. ' ~  

f, ,  'The L n t ~ s e d i a t o '  SPil~lW~Y :~a'a~ning ~ 1 1  be 'S. I .5~I~I~L 

~ t  ~ ~ e  e ~ e : ~ l ~  ~ ~ |  to  ~ the et:.~et~n~e ms~e 

.: : he ',He r~IOe'~h ,OX" ~e~.~p(O be planed on ~:~e b u o ~  ~o ad.d in . . . .  

en~gy :OA.es Ipatlon. .... 

i. ~ spil lway'  ~etalning ~ l l m  b e  built Ve~i~",~O ,. " 

p~,eve~S ~adeei~able baek~l~w and eddies on ~he Imok~t.  .' 
o 

~J. ~he ~@k beneh d o e n m b ~ m  f~ She ~tllw~v be ,~:~, . .  

~ a t e d  o n l ~ t o  e l e v a ~ i o ~  .515,00 ~o hello keep the  .~et:f~'am e ~  

o f f  the  ~ m p ~ w s F  bucke~ .  . 

k. The , I d ~  :s~d ~i~ht splllw~7~ ares be o ~ n e d , ~ I s , ~  

~ h t  p r e s .  - 

- e ~ f  s ~ e ~  ;~I~lal elemom ef the ~Iver. 

J.  A, L~... 

!9 

' t  

.~Z. : 



A. POWERHOUSE DISCHARGE 25,000 SECOND-FEET, SPILL'/;AY DISCIL~.qGE I00,000 SECOND-FEET 
!=RESE~rf TAILWATER ELEVATION, OUTLET GATES CLOSED. 

.:I.'F] bAA2~i 'PAl I~','~I',".iI ELi'.',JA~i'I 0~: ,  0 'I'L~fF :IAT?'~ ; ; ' I ~ S ~ ;  • 

DTU£IS DA/~ RECO!Z~EIIDED DESIGN - MODEL SCALE i TO I00 - ~rl .... S FRO~J. }71LL 

AT N.18,850,E.55,200 - RESERVOIR ELEVATION 64V.00. 



A. POW]~RHOUSE DISCHARGE 25,000 SECO![D-~I~.?, SPILL?~AY DISC.UARGE ,0,00 SECO~:D-FEET, 
!~E~"P TAII~TATER ELEVATIOn:, OUTI~T GATES CLOS'£D. 

p¢' . .~}~"( , ' ! - :E :)IS~] ::-A~<b< :'! , ' :  , ~ C O  : , - ! " : : iX ' ,  ' : : ; T I . I  A"  ~:1::' : 'A i< , :  : '  , ~:: '  :~":C~ " ; -FE~ ' fJ  

ULTLV.ATE TA[ L ,ATER ELEVATI 0 : : ,  ¢ 'TLY:" ";A'?-:: ~':[;~:~':" • 

FRO:',: ::qLL ~ A I z ~  DAb~ BECOL[.~-I:DED DESIGN MODEL S O ~  1 TO 100 - VI~.'.rS 
AT ::. 1 6 , 8 5 0 , E . 5 5 ,  RO0 - RESFLRVOIR ELEVATION 6 ' 1 7 . 0 0 .  



A. POWERBDUSE DISC}~%RGE ~,000 SEC0::D-~E~, SPILL,';A'~' ?~IEC}-~RGE I0,000 ZECO:;[~-.~vE~.~F 
PRESENT TAILWATER ELEVATI01:, 0UTL~"T ?~J~.~S ~ CLOSED. 

5 .  pO~,IER~[OiJ..EE ' . I S ~ : . A R G F  k', , ,~t")  S E J O ! ; D - - ? ~ ' . ' ,  L.~ILL, ,A' :  '~I- 'C."~-~. i i  I ,,),~,; ~.EI~:O~IL_KE~.. , ' 
ULTI},~I.TE TAIL, ' ;ATE~ " ;LEVATIO[ ; ,  O U T I ~ i  " .GA'iE5 ' ~ 5 E ~ .  

~ I V I S  D/.I. / RECOLR.!~.TDED DESIGTI  - ,~.(ODEL S C A I ~  ~ TO .~,,"~O - , ~ c " e . .  . . . . .  -~R. 0~.~ "U;LI.  



A. POW~qHOUSE DISCHARGE 2b,O00 SECOND-FEET, 0t~PLET DISC}CARG'E I0,00~ SECO~'TI'-h ~Fi~7 
EACH, ImKE~qT TAILGATER ELEVATI ~'~ , ,~-TILIX,'AV ,]AT~;~ ULOSEL'~. 

~.: ' , ~7~';i~ ~AZ[ A!'~, !,LiTL 7!" , :~~.I.!~.',A' ~;A77.7 q~.'~!{'. 



p0'.'+'ER!!0USE DISCHARGE ,+.,,0~ XEC0::h-Fn~-ET~., G~PIlI. . ' ,A+' " T ~  A} : " ' :  : ' 4 : : ; , ' : "  ;:ECO::',+-FY!:+ 
PRESE2.:T 'r IGL.' ;ATE.;~ E I f ~ V A T I O : : ,  O ~ I ~  ~ ' '  ;AT:+'::: 7 " ~ + .  

PO','/EI~HO'JS~ DISC::J~JF;E :i ::?+:0~;D-~ET, SPII/5%'A v p T: i:T<AP(;?: ~'4, "'" <;"'c~"+-z':" -+ i--' .... - ..... 
"k' • . . . . . . .  ' .+LTi!, 'ATE: • . L. ' ,A'; '~? -EI~:VA'! '~. 0: :  , " ";'I.!" ,A: F: :  " ~,~r~' 

, , _ , S , . . , , ~  - ' . . . t , i ) : : , h  S ! ] A J ~ .  ~ " ~ "  1 . . '  - . . . . . . . . . . . . .  



A. I~'~tI!~HOUSE DIS~qAR~.'fE. 25,00~ .~ECO'.';I~-},~,':T, ~PILL'.',A" P]SC'~.:{(:F t ,~O" FE('O':Z-}':. '~' , 
pRrE...~.~7[ ' TATI.]'JA".'E~{ ELE','AT[O::. 0'"FL.~T: '~'7E.: ][£<:E:'. 

1. PO;El-,i!OUSE [!SC}~ROE ?[ ,.';)- ZicgO.~:D -?"~-T, :;PI].L:~A'" [ISC!{A~]E [.~,,-:~; i-'.<f0:[-}'X:T. 
LTI:,~,A'rE "['~2 LKA'IL~g:~ FI_E'.'A:I C::, '-'L~I'L'-~T J~"'K;] ' :LC:'?: '  • 

DA%~S i ~ , 1  RECO}~1~,~,]DED D E S I G N  - MOD~'I S C A L E  ! TO 1 0 0  - VTE..:S ~ 0 7 . ~  ~ ! L L  
AT N.15,850, E.~ 3,90(" - RES~RVOIR E!A~.'ATI0.~[ i)4~.('I ,. 



A. PO%%'ERHOUS~. DISCHARGE S[ ,000 ~..COND-FF~T, gFTLL,',A" F, IS~L~.RCE ~5,000 SEC0?,'D-FEET, 
P~.,E~ TAIL~';ATE..R EIZVAT;C':, C)'.WLE7 (%ATE£ CL0~E5. 

l'~'l.,'A'i'! ..S L,',A'£~. ELh~4ATIOI , '.:.qlYrN ;'..'?. "LOSED. 

~ . A ' , ~ S  DR. ' .  ~ ' - " £ ' " ' ~ D ' C D  D E S I G ! :  ~ , 0 D E L  C C A L . ~  ~ T 0  ~ , ,~  . . . .  ~ , T o g , ,  ~ T 



A. p0,'7]{~}'C T~ D[ST[~oGE 2:, i: SI£'TC":;-F'E",!t'q', O:'l"-~ ~.: ~ISCYJk'qG]~ ;TIT, '''''" SZfC(:;,-F( ~ 

E A T ' l ,  p . , '~E~N'I '  T A  [ i_ 'A','F.~ F.'L.E','A"[ C . ,  '"~'~ ~ ' ' " "  ',A'Y'£'." '~ "'":=" • 

1:?. '  ! !V~,'Y~': : A '  

I 

LA:: i~ZC:7~ :-C:!,ED ~, ,~Tq,:  :!01 vT ,r[ ~;]~0~! ~r 



A .  pC',',r'T~-_4HO'~.':;F " [ j " : , ~ ; U  ' i  , " : ' " " C : I , - F ~ " ~ : ' , f * ~ ' ~ . I , ' / I A  "" %I  " ; ' ' ~AJ ~  [ '  ! . '  ' C " ' ~ ' ( ' " ' - : ' : ' - - ~ ' T '  

" T I ' U k , "  "7,',~ i . : . . " 'L .  '. I , I ' 7 , ' A ! ~  ,. , " - ' .-~~ ; J \ , ' "  ' 

. -  . 

. . . .  ! [ i ,  . C , E . , . o ,  . . . . . .  - F{E S ' ~ . V O !  7'-' . . . . . .  ~- . . . . .  



A. PO%FERHOUSE [ ~ I ~ C . L A R , . ,  : ' i . , c , : ~  ', S E C O ' : ! ; - ~ E  l ' ,  : ' : ~  LL; ; 'A ' . '  ,!5"C~[A~V;!.: ~: - . r~  SECO:.'D_F~T, 
P ~ E S ~ : T  T A I  L , ' . A T E "  E L . ' - - , ' A T I  C ' ; ,  O" ' " q . E ; '  ( ; A T E , 5  ? L ~ ) . Y E b .  
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~ L E J A  . . . . . .  ,~ T L J f ~ '  GA~IZ;-" ~LC . . . . . .  U L T I M A T E  T A 1 L , ' , A ' I ~ - I ~  ~ ~ . . . .  ~ "  r. * ~ . ~ .  

]LAUI.t i 'AL! . ~ C 0 . V ~ I / K t  D E D  D E S [ ( ; { ~  - L ~ O ~ . , E L  ~ , , , , ~ , . .  : = J  ~ ' ~ , ~  - . . !~i ::: I-U~O:.~ ~ :II_L 

A T  N .  1 5 , 8 5 0 , ' ¢  . . . .  "~'~",~ ' .~00 - P, E S E . q V O t  [~ " . , ! ~ : . ~ " ~ "  "~' ' . . . . . . . .  ~ ,  ~',a. ", . ." 



k. PO.',~R!!OUSE DISC}~=GE ~,0~' {~"J . . . .  SEC0:ID-FELZT, 0[.::~k:.' P]'SC:~RG}< 10,.:)0~ SE.cO"n-,~'KE~ " .  ..... , 

EACH, ~ESI:~:T TAIL,'~A77<~ EL.'.--.~'AT: 0~:, 7P[ LL'.A' "~'~2:~::" ,':LOftED, 

W 

:. P.~ .'.'~:~,}IO:.!S'K PISCb:A~-~E "', , ~ " ~'E'( :~? K?'F, ~i I.:i : : :'"'!A[" ;K '. , ::'~J"?'X.-"'E::T 

L~V ~, ":.:':~U."'::" "A:: '.,:"~ ::J<.A::. . IlL 'A ;A':':." ':/.:LK: . 
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