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eu~aoe r o l l e r  wa~ Tondesw4 '~ec~ive. FeT elopes f l a t t e r  !t~an 

l,~o l, ~he eu~faao ~oller~ea~ed to n~ep out of the buok~t and 

~he ground rollerwam ob~i~eTa~ed by a downst~eaa cur~eat~ioh 

,&~ain/produeed e ~ e s s i v e  soour . .  ~ " 

A s i g n i f i c a n t  f a c t ,  brought out  by the P i t o t  !tube t r a v e r s e s ,  

,wM that  t h e  a c t u a l  'maxima v e l o c i t i e s i n  t h e  curved ~ r t  of  the 

bucket  wer~ a a t e r i e S . ~  l e e s  than might  be: e x p e c t e d  from t h e o r e t £ o a l  

• cons idera t ions . -  Far o x a m p ~  i t  waa found ~hat w i t h  & I p i l l w a y  

• le~h~rge of 500,000 ouMie f o o t  per oeco~, the ma~i~ v e l o c t t 7  

measured at~e ~Aat wh~e ~he deecendiag sheetoa~e~ed the pool 

~$3 ~.p.e. Thin ms a reasonable aLreemnt ~i~h :the calcu- 

lated velo~t7 o~ ~ f°p.~. ~t the poln~ of taapa~¥ of the dowa- 

et~eann faeei*~.~ ,t~he dam watch ~ curve of  t i ~  bu~t :~e :m~Imum 

aeaau~ed volomit.v was 5~ l'.p.o. 

,. Xa ~MAag obsom~ e~ ~ erosion of ~he bed below ~e 

AsS ~WSJ~ e ~ ~  *~OX~ O~'~IL FUD , to  l ~ e  ~ st~'f&G8 

.o~: :~e ,~l/d . t o a  p lqde~Ol~ko~  p r o f i l e  a|eleCted ,to f a g 4 1 l t a t e  o ~ ; "  

~pa~J~lOn. Fr~am ,,the d~malt~q~a . toe  of  the bucket ~ .  bed .material  * 
f , - , • _ 

was ,plaasd ,on a Z. to  I , a n ~  .¢~ st2au.la~ ~ e  ~o~l£t~on the~ ;p~ob- 

i d ~ r  ex~n~od £o~cmJLq~. o o ~ ~ c m ,  I t  l ~ n  found t ~  as the' c ~  

. ~ d ! b ~  :a~a~t .  ~ ~,,~ant~,. comp~lote~y e ~ S ~ g  ~the trench ,and 

l e f t , o n .  This de]z~s:L~ ~ q ~ t s  s t a b l e  and not  m t e r i a l l y  a f f e c t e d  

b:V t ~ . a z i a t L ~ s  ~a ' ~  d2eolw,,.Ss. .......... " 

' MaxLe3/buckets - ~ a l ~  p r o t o t y p e  r a d ~  ',a~ ~ 0 ,  5 0 ,  75,  -and . 

!10~ f e e t  -~o~e . t e s t e d .  The e~x~ula~ r o l l e r  ~of t h e  '~O.~t.  bucket  was 

. f  "i 

r 

~:.~ ,. ,/; .. ~ n t ,  :ina~rAcieat ,..~ .Jus~:~ ghe ;adULt . ~ : . e o a ~ ,  -:~i 
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• At th~o point It -wa~ dll l~l~red to ~iooel~i:Lll, ''~t~e" 'O~t~ 0~ r' .... 

t a t n t ~  ;~.:Ln ' the c o m p l e t e  I t m ~ t u ~ e  .with ~ , : ,  ,.::: ~:: 

lu ,  a i ~to 12.o modeZ, of :u~ma~ativu~ p :de~ 

"'". ." oormt~u~t4d. , : . :. ~ i, ' " " '-,: ": "? .i 

A~ "t~e st.udlel o~ thlmaod.l pro~e!ded , ~t ~ Q11~~!.'~",;, .... 

. _ . . . 

~h..~~ ,or o~ ~ o. ~:,,~.m z,rt ~ o~d'o~ ,am ..... ~"~ ': ~ ~ 

: ms~l t~d  ~n materia l  l~prowm~nt ,ln the buh~v~:~ .In ~ 

i " A s  .eL ,conuquln~e the Ip:I~wI~ ,wll:shol~t~sned i . 

. ! : :  

t ~ a . ~  , i m ~ n  :ooIM 

~!i~iiii~i~ ~!~:!ii,!~i~i~!i~/~i/:!~:ii~ii:~il;i;i!::iii'~i~i~,~i~ ~:L~i:~!~!iiii~!ill 
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.I~ '~ac~11tate tl~ .~ ~'eP~d~ol;Ion, and '~,reco;~l~ng " 
~~- ~ ;z'iver,bed topo-  

.Pi~gLloirliph,. . . w ~  ,deve lo l~d  w ~ h  ,a s~sple  , h o ~ i o n t ~ 1  Ind 

;.feared :hi jprop@r P ~ p o ~ . t o  i;h~ model!bed.  : 3 ~ a r ] 4 r ~  l;he m s u '  

~ ~  :oi ~ , ~ h e . m o d ~  " b e d  < ~  e l ~ a t o n  had o o o u r ~  wi~ :recordld  on 

, ~ . . _ _ ~  . . . .  ._ ~ i ~ 1  : o n  t h e  1 - t o  

. < 

:..? • .. 

• . .~tun<i~,ti~,.vetltiil::Nc~to~; 

'-'i~i~y ~.ore~t +end .di4m 

- " . . . . . .  ' "  : "  • , .  .. - , .  7,1 

• 7'~t , , , 
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• ~ e  ~Sub~eciuent, . r e ~ n  .Or ~u.. 

and .upper :~lere :at 'Grand Coul,.'N.:i~e 

co~u~te, (2).~Ini~zl~ ~the 'f 

, t l~  r~ver ;bed ez~e~on,  . 

" It, was r e a l i u d  :~hat 

£ng a des ign  ~ u l f ~ i ~ g ~ a  

h ~ e  '.to be ~:sacr£ficod ~ °  

conne~tir~ to 

mentthe.:ou~- o--- .----: . . . .  ., ...~. . "r' "~.~/ " 
. :~ r, . '~ .... ~'*'' . ": , ," . : 

.the .air.. ~8othe :r iver  bed.eroelon W ~ : ~  Hd::':~ " bUO~i :i !~ ;.,- . . ,-~ : , ,~: ~ i ~. ;. 

at .~he LtOe functioned M ..an.energy~:~d:tse£p, ~or: for.ii:t~..~.0ug~,t,i~!,':;i~!:'~:: i~::j:J: 

number :~ t e s t s  w e r e  n e e e u a r y  ~,to rObt~ ~ ,~he ~equ i~ . ed  re~m~ g!:s; .... 

The -reduction in ~e~t~-:-~r~a ,.in .:t~ .:.flr~;:g~l~. was ,~fe#~ 

section and ~,angen%%o '~hat o~ '.#he :el;bow. iP.reesuree in ~the :.el~wl i:i 

wore abowe a her i c  b u t  tho dincharg~ 

: ~pper end-of the opel ~Ine 

.,o~ spray.and because o~.,~g,~...:mapl " :;:!:~:::~:~ * ..,... !/-: 
- - * ~"  " i o n . . o f  To . ,p~ent  .:~he .,form~on iof a~ceso , 

• 4 : ~  ~ , i . : . ,  • 
n ~ . . . .  , ~ . . . .  
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~: ' 1. " o f  :I ~o 68. :The aoodi?~o~ wa~ termed critical thereafter and tests 

. ~  + ~ h . . ~ n ~ =  of ~ s ~ u O t ~ O ~ ,  -d~d no5 h a ~  d e f e c t o r s  over the . , :  ~ 

.... " into the t,z,o~Sa of t h e  o~,;le%. 

o f  epi.~la~y ~ e t  ~ao 

/. . ~ d l f ~ c t e d . a b o v e  the  o p l ~  I n t h e  faoo O f t h e  d i .  The r ~ L N d  

, /  9 o r t £ o n  or d e f l e c t o r  U s  n ~ e ~ p a r a b o l i c  i n  the d ~ r e e t t o n  of  f l o w  

:~' :-iautd.,uao blonded i n t o t h e  i p ~ w l ~ y ~ f a c e  by  r e v s r s s  c u r ~ s .  • 

:,: ._ / . 4~ th ,~ the .addi t ioo  of  t ~ L d e f l e c t o r  over, . 

...... " " .InsOs*of ~concrote ' , b e t ~ e a  .the con8  .and the  :.fat: : . . . . . .  i ": ' : 

:?~ii~/ . - : L n o ~ o d  c o n o l d e r l b ~ y b ! ~ l i a ~ '  : ~  m:Lnd~ua .of 3 . foot ,  est~b:~La~hod .a.% 

i] :!i / ~&d~rln%S~++~wae i,~aken o f  theae  pro3oct~ono t o  move  +~0 a 1 bow and c o n e  

~ ~ e e e ~ : i b e t ~ e n  :~he ~nve~  a~ ~h~ e h ~ m l  and ~he:fa~e :of the dine : 

t . ~ , :  

~i~i~: :: -/ ~ . ~  ~ , ~  ~ m ~ = ~  +~ ~ ~  = . ~ r  . ~ . , ~ . c . o ~  : : :  

e ~ N r  m l t  ~ , b o  ~ U  

, .  ~:~ '~ :'i . i ~,.~ '~ .: , ~ :  



moat ~ s a t ~ s t z c ~ o ~ . ~ d ~ j ~ l , ~ - o f  d~seh~ge .-of .the.~nosmlo.., m~ 
, .  - 2 .  . .  

' : : :  

k" 

• ; r  

to enable 

~braced tes t l r~  :o~' ~z~:~',mzd :m~1~tlp~-~holLn~l l~lS, !~  ~ O :  "r" 

f ~  u h i c h  . . - ,  

to  v a r i o u s  

Thou~ h ,the model  ,stucLto, . for ,!the doe:E'~z of_~l _,. '"! 

• p : L I l ~ y  and flyer .outlo~l ;ha :: 

hu been rode of the prob~ml : 

Thia I s  .an :~zportant  phaae  s i  t i -  .~ 

t o  :be s t u d i e d  conoerning:!.tho 

elements of, the 1 to '.Z20.no~ 

..do~rlbed :t o 1:L~us~&~ r~ ~ lodel'.,,aooatruction :~ell, ~ ...... ,' .,,~: : 

Aa . the  :£inol ~'des~4~ %.!~ 

on ~a s c a ~  ofl .to ~ 0 ~  

"r ~ n ~ ~ pom~blo::tb _ - 

ted :so ao to :be m ~ l ~ l ~ l  ~ ' ,~ lb lo  ~hspe untJ.1 the-F~r~ot,~r~o~ a :, 

wu:n~L~a~ned f o r  & ~,oa8 :pOz'iod/of t;tm does  ~nOt:rl . . . . . . . .  

.to 

. -  • ~ , • . "  : . .  . - . • • v . o v ~  r • , ~ i  ¸,. , '  . . . .  ~ • - , i :  / :  ' 

~ : : : . / i  :.~ ,::. : : : :  ::~ ! :~ - :  : • : : , :  :. !~ : . .  < :i.:./~ : . - - : /  



:. ; ' " .  -~+~7 +  ̀

. . . . . . . . . . . .  " ;~ : 0 " -  . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . .  +:- --. - - ->i 

~' " 5 " " - - - - - -  ~ : "  ~ ; "  ~ '  ' " ~  - . . . . . . . . .  . . . . .  ' - 0 "  - " - "  . . . . . . . . .  

I !<+ ' : i! i +'-+~ i :  ' 
-l I ,  ' ' "  . . .  + . . ,  i . .  ~. , , 

' + . . . . . .  i - . - - a '  " 1 • i 

• + L U • • - , , , q  
t 

I 

i I I  • I~ P~pe to  valve 
n ~ l  -, ,  o a ~ pump 

I 

: , + ]  

I 

3 Concentric cones +tot 
wa~'er ;distribution . , ;  

I , +  

Baf f le  • rock- " "  

p i  t 

i r 

# 

•I+ 

I - , I  

o 
. i -  + 
I l l  

" + 

! 

I 

I 

I< 
I 

I 

i 

I% - ,i -" 

' - 2  PieZon:)ePer tubes 
d i a m e t r i c a l l y  placed 
oi". 4 5  ° with verffcol 
for inves~rigating 
ve loc i t i es  

_ , . . .  

Trash rock mov~n4. rod- - -+  

7:r  

= D - - - - - ' - ' "  

r. 

stre 

S L U I C E  ENTRANCE ANO TRASH RACK MODEL TESTS 

+ G R A N D  C O U L E E  D A M  

S E C T I O N A L  V I E W S  O F  T E S T  S E T - U P S  

I Tr<~sh rock r%novable a l o n g  I 
face of  ent rance  f o r  
tes t ing  e f f e c t  of +its + .~ 

re la t ive  posit ion. -  . . . .  ' - " "  " - 

m 

• : ; ' "  . 

';Y 

r: ' L 

./. ;•,, , /L  ~ :r "."+ 

P 

< • r • "  

: . -  + .'~ . " : + ,  F ':' L:.:+ 

• •L +<_: ". :,.';:•: 
+ .... " . . . . . . . . . .  : ~ - p e - : , , o f  :~ 

L ._. 

ormce . . .  

+ .  . . . . .  

. + + .  • 

+ . 

..! 

", " " "  : +v .  

+ - 

,< . . . . . .  :- . . . . . . . . . .  ; 3 6 .  1 8 "  . . . . . . . . . . .  : - :"  . . . . . .  ~ '  : ! :  

I .  + .+ = :  . . . . . . .  I I  I . . . . .  f 

, +i<+E419 + - . . . . .  , 

~''--'''=''----~'----'--'+T------'----'r - -  - -  =4  
~ _  - ; _ = L _ _ _ . . +  + _ _ ~ - 7 + - _ I - - - - - - - ~ -  

!, 

":'~ ' - - ' ~  + " " - P i p e  '"" : 

! 

- S e t - u p  for testing entrances wPPh 
various elbows and p+{pes- - 



neoegmsJ 

,1./,, .~wa~r . ..,. 

• ~ ' ~  : . . . . . . . .  

~:~ ~ ' - . ~  : , ::~ : 
~ -  j ": ~ , :~.., 

E~: ~: ?~:~,- 



,+~,~,, +c,~:;; + ++.:,+ '+ ,  '.r ,+,, ++, :: 

) : ' , : ,  : , ,  ,.. - : %  

:ii?+: 

, . ,+ ~+ , , .  : +~+ " +  " -  ' ~ '+ '  ~i'+" ? ' , '  " , ' + "  +  ̀ ~,,', : '  

ii. 

" j :  

i+. 

~.,~ ~ ~stl-~p~,i =~°'I' ~ 
. . . .  ~ ,  + , • . + , - +++4-.+,p+. 

+ " " ~  ~ + + - + '  L:+ 

: ~.L,I,,J I 

- -  @ . 

1 
i 

I 

t 

r- i 
' i 

• ! 
, i 

_ _  I I +-,. 

" " " ; L  

0 +rl -I: : 

| '  5 " _ . ,  

, + .  ~ la . J  . . . .  ' ~ : '  

I++ + 

, . 0 A ~ "  

,+'.+ o]+~<mz " °++. ++ " +:'I " : +' I._ 

_: + 1 2 : - + °  , +--  

I 

-4 

( 

:!u 
I 

t 

r...~ ~ 0  , 0 : 0  + 0 : 0  0 0 0 ; 0  0 

. ; 4 -  4 , -  , I -  -,41,- .,,,I~- 41- J<'~ ~ , ~  

:::3d~O-lO~ld -133.-I ~NI 31JrlSS3Eld 

7 + ' " ' . b  

~+" + . " . ,  

+. .  

/ L  

[ ]  

: + 

• +] 

...21 

o 

+ :  : : 

, 

:: .... ~4P,~ •: 

:ICE i~ 



';'+;+ :+;;  , :  

+ 

. . . .  ... ;~: 

~+A . t a ~ w a ~ r  reKu~te8"  :oil' : t h e : v a r i a b l e ;  : td  

o f  , a n ~ e : i ~ r o n  +and I~',,,~,N~I i t  

: s tream:end 01' ~tlm . t a ~ l u a t e r  

w ~ 8  ! ldJaoent  t o  ~ h e  mode~  

openings"in :.the f.iuoP of  . t h e  

.... To '1=ol~P~.du~n ~I~ momi2+, ++twa+ 

;~.l~eratA~. +of ':~ : " , o P o H - - ~ c t , l o n , ,  o f  :~he :. 
.+ -. + , .+ 

.~.:, 

• + .  

. +. ::::;:~: (:11~o :heavy., .ga~ 

+ 

:an~e-. lrOn.:facod.;~:~th. . , 1 6 - ~ p  i . ~e t lme~a~ i l ,  we~e ut 

• : + • 

- F ~ a t  ; h e a d - b r a s s  m a ~  + ~ 8  r+~ 

t~ ~tim ~bent~". /..:m~il~, w~s..o~ 

Jcrewheads.:: 
'. :+".;+ ,: :~.:.~, • " , 

5 

: ;; . . . .  B e e t d e s  ~ ':this - : 
, ~+., . . r... ,~,: 

, ~ s  -oonstruct~mt ~of;+,hme aiio.,~ ~+.:~ ..- ...;,. 

.:: :;ii/.::: :~. .-!i".-:::: :: ~̧+̧̧~:" . . : '~.. ,  . i j . . .  . .  : . 
. • + 



,., ......... iLV 

.L'+ 

7 :'::' 

~: ?:: 

L . .  

iY-, 

~+ +~,+ +':i+m'+ 

+ .  

":j/ 

. , , ~ ,  

: ( . ; . ,  . :.. • /L . ,? ,  b . ' -  " '  ! " ~ ' ,  ,: ~ ,  ,~.~*~t,:;. • .., ~ - . .... .....>~,+ 
• • . . . .  "j, "%. 

i 

. . . .  . . ' : .  . " , '  " i . ' : :  .. . , - 

• • i- ~i! ' "? ~: 

' 1 '°" . . . .  i 

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

, , w . i ! _  _ _ _ . L . 1 2 t L ~  , ~ ; ~ / i  
" # - , #  " • ~ i : - '  
; . I ,  : t + ~ : i  + 

+-'~' F ,LI + / m+'...-' " - - r ' - '~ '++- ' . - .  ~ + 
' ,'i : r l/ ":: + i ' l l  I # : I L ~  + . . . . .  

: 1 ' ~'+'m / ' ! /  - t  ' , ') I+ , , l l  I l t  - - J  

L i :- - 

l r " g' ' / ' ~ '  w', t i171~!t:I + ,  ! ;  
+ ,  I * 

• <, ' l ' . ' 

: I 1 ' , ' + ~ l q < l l l l , I  l ,  ,,, 

. I l l /  I : " ! 1 i |  I |1 I ' 1  ' : 

-~hltt½" 
: : L : J : I !  

j !L 

" ! il + 'J  

"8 g .9 o o ~ o o 

+ L ' + ~ S S  3 " " 
3 d A  1.0 J , O ~ d - . L  3 3 "1 N F  3 ~ i ' 3  B d  

& & & & 

rI:I~, ,,~+'i i ~ I1 ~ I o >- 

: - "  " t - t 1 " - - " I , : - - - 1  ~ o 

, ,  + . . ,  + , • = 

~t-H-- -+-=t  ~" 

3 d  A ~ . O J . O U d  - J , 3 3 , - I  ' N I  3 u n s s 3 u a  

m 
.+~-. 

;/r" 

"Y ' +b 
.... + ,io! 
": 2 '  ~ 

\l,l+ 

'Z ,'>, • 

t 

4 ~  

~'~-~ 

i i " i  ~ . . . .  ' 

"..L~ - I  I ¸' + ~  

• ;...I , ,, : t,,,9 

, w ' o  ..-O S . ' v  ";/ - 

,.. • 

/ ,  + • • . . :  

1 : 7 ~ . ~  - : i  ~ 

l i  

it 

• •.: '.< 

:, +°! 

! 

• + .... : 
+ 

I i ~ 
• , . ,  

. { / : ' ; <  

;!:i!! 

._l ¸ : ~  : 



, t  . 
I 

"L i" 

~i I':'. "L" 
.-~ownslreom face 
;, otdom 

/ '  

< 
. ,,,~...'.;. ~," 

Metal seoli~ slrip-;: ~e; ," i' ~' /: 
~o'-~" - ..... :~. ~,' 

Block "C" ~; ~ 
.... ~" I P L .i'" ~ I  

i = , . :  ~ . £ ~  

SECTION ~.B-0 
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-- * - , Ne.4 lor  

Equal|on No,4:y-0.667(012~v-I]{o*cos~'~.~) 

O~iQin : ~ in dmenstream face of dam 0 EI.1|42.0|0 on veTticol 
" ' fc of outlet conduit. 

• i Z-Axis: A horizontal line in the downstream face of .dam passing 
thru origin. 

Y-lkzi~: Line normal to dounstreom lace of dam passin9 ll, ru 
origin. 

~-Azis: Line in dnnstream face of dam. normal 1o Z -Auis end 
• I,...ssing thru origin. 

CaRsider Z po~five ~ tker to ri(jbt or left of ovi~lin. 
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model, the wood was treated ~ t h  hot l in seed  Otlo The~crest~seg- 

aents  were then provided with h o l e s  :for the. spi l lwa~ gate operat ing ::ii' 

aechanism, and fastened to  t h e  ~ e ' - i r o n  bent .wl,th wood screws. ,  j,..~'~ 

Water-tight Joints between t;l~,metal ~faces o f t h e  base :and the c r e s t  

were~made by placing white lead'between the surface, and fastening 

with screws i~ to  .the rabbet. .The bridge';piers,  .a l to  of  re t ired ,  

were ,bolted tO 'the cr~mt. 

Qates of 12-gage g a l w u ~ m d  iron were ~ ro l led  ~to.,imhape ~and hinged 
by pins into brass blosks set into :the .c~st o~der :the 

forked rod of 318-inoh x~und steel and I /S - inch pipe f i t t i n g s  was ,"~ i!ii.. 

.used to operate the ga~e. A threaded mchanim eezwed to p r o w l :  ' ::,::::i 

the forked rod w,~n raiming-~r lowering the  g a t e . . S i n c e  . the  water.. : r~: 

was onl~ necessary to havopo~itiveactlon .upwLrd8~ eo t ~ : ! m ~ O ~  . 

was not attached to  the gates.  More recent constmaetion ~o£ ~an"a~l- ~ . .  

~ t a l  c r e s t  enabled :poeitive o o n t r o l  ,of  the 8ate iby ~ e  ,of racks and " 

That portion o£ th~ traAning .wall .between the cres t  and s t i l l i n g  

pool was constructed of redwood andbol ted  to the ~aoe o f  the model ' ~° 

, a~er ,  applying white lead compound to the c o ,  act , e ~ f a ~ e o  The. -~ .. 

lower Dart of , t h e ' t r a ~ n g  ~ wasmade 0£ galvani~ed iron  :to £aclli- 

~at~. t ~  , , installation o f  piosemetere. ~ . 

The bo~tc~ of  the s t ~ l £ ~  poOl or bucket ~wao :ehaped !by c o v e r - :  ~ 

~ng 16-ga~s g ~ : l z e d  iron b~m~ with !Jq~ht.we:J~ht;'~h~lt metal. :~ /i: 
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The bucket was l--led and sPOt ,soldered to .the downi:ta~a~ ,ace ~, ~:~ :ii!ii~ i 

the model base. ,The ooldered spots :.ere :f~led smoo~h :and the  Joint e :' 

f i n e d  with melted beelm~c which wa~ dressed wEth , a , : . ~  te~z~hte :!:i:::i:~: 
• . :-, . :~i~ 

-after At had cooled...This .method ef  joining i l l  e metl£ : ~ : / p . Z ~ l  T •~ .,~:,: 

~ n t ~ d  warping by heat ~nd O m d  :.oons:L:~llerable :?,:L~a end ~ b o r ~ e ~ . - ,  . ~:: 

~ t o  ~ a m o o ~  , ~ l d e r e d  J o i n t .  :'~" ~' '~ 
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