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a capacity of ' ~ ~ " : " " ~ <  " ~ 2.5 saeond,~eet, ~.~ ' ~ " .... +-"~<" ' 

also parallels' ~ISr+~ in~:-Whlch~a~ Varia ....... :~ ~ b l e  o r £ f i c (  

plug-valves,: say 'oae , o f  the four meters...ean" ~ ~ : " - " : b e  .: ooane 

meters, for measurement ~of 't~he :d~ Lscharges ;-:'?i~hlS::!sysi 

all controls are centrally located onilSr~i!iadjaoient.i:tc 

positions of:the' three :3-way~r,:~VSL~VeS. 'A:~ser.ies~Co~e 
charge slde of the 12~-inch~,~to.::the ~suotion~side~: 

ac , .s to the' rlexZbilZ 7 

A third and. sm~ller.~system:.:located.~in :i~h~f~r~.ile 

the upper ri~ht-ha~d co~ner:~of ~ ' ' . . . . . .  ~' " figure :~:i, .~ cons:let S~of 

flo~ n o z z l e  or ~ 6.5,1no 

located in close prozi~ 

Each meter, in+:.the +~ ] 

mmrcury ~nometer gage. 

by-passes is ellalnated, 
.)~' , 

The ~noaeters ~re of th 

duty, gage glasses. ~:Thl 

the manometers-self-damp 

to resist rust and amlgamation:%by+ ~ 

l a b o r a t o r y  d e s i g n ,  a s n o . . s a t l s f a c ~ o r ~  

purchased " + ~ ++ '~.~ e • + • " • " . 

+4~'+ 

i~ f r m  

+ + 

+ 

It can also be noted ~from ~' : . 

. . . .  : t o 2 : - : ,  i 
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lines also lead~ to the i laboratory~ca!i~bra%1on~:%anK,:. 

by .whleh all meters'° in :th, 

definite ~ intervals '~ ~:~A~ schematici~dlagram::~of~ ~he :plpl 

curves for the. pumps,, and~:cal~brution,.:.curve~!~ifor:?.the . . . .  

of calibra%ion..~curves.!, for'the~:orif'ice~!me~er.i.ls:~shOwn 

orifice ,eter.- manometer: is ~Sh~:at ~:the~,e~reme iieft 

,he >voluaetric.. call • .ibr~tmon~:equipment./:!~ ..... ~ .._ .,~ ..... 

5A, has a capacity of/approxi=tely~:4OO"""~----- 
the . laboratory: . -.. by the volume oC " .reservolr:~under.:~.£h'e~ 

size of the: tank,: however, : is.:~com..pensate : for-bY:~re~ 

accur,~_te t i min~ methods. ~.:The:volumetf~c.~ tank,~:i.:~ i:ee~ 

shown on fi,o~ure 8, reseables~a'rchemlst's pipe~te!~w£1 

small neck. By means of tl 

the infiowing w~ter can-be~ 

represent a pointonone o~ 

i S established, through .~",'V, 

pass position. By :means:o: 

the tank filled-to...some po 

to its orl~inal position. 

• " . .., ~j" 

'the, time required to fill' 

tired 

6 

figure 8 with the water, surface reading Ob -~,.',~:~ 

located in  the neck of-'~ the :%a~k~ and a lso  . th ,  i l , t h e ~ , a t e r . :  ,. ' " " ~ r ~  ~ ° 
d~ 

accomplished Intwo wSTe.: .One,.aource.-of,%~/:slgnals~.is~ aiSeth%:~~"~, ~ ":i ~':~.-: 

pendulum clock- eQuipped ..: wi~h a.. toelectrlc cel l, ~, fi~e 

are transmitted electr~cal!y %oia chrenoaeter rlOca%ed~near~the...¢aii~'a%i~-"'.."~:i~i,~:~. 

..9 i- :.-:. . . . .  =-.-, 



FIGURE 5 

A - Volumetric Calibration Tank 

B - Ci.r'. u<.graph f~ r Rccurdlng Callbraticn Cpcrati~n 

C -Pi|,et~e Cat~-br~ti,.n lank 

E~JIPMEN~ FGR CALIBRATION OF IABORATORY MLTERS 
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wave plate, "model " t o - b e  :tested,',~quar,ter/wav~.~p~: 

glass diffuser plate, and source:of.ilight~i!:: ;I '/~The,;+! ": 

neces sarAly t~o dimeasions~, "'~d ;,are" ~:-encased:~::in. .~ 

v e s s e l + u s u a l l y  + about '+?ne~hal£ 'in+h°"ifn. ':w'i'd~:..:., +; + i~Th 
an inlet and outlet, 'is <connect+d ;.i+~.~>!se~i " 'h  e s ~ t  

8peed  c e n t r l f u g + A l  pumf " .................. , ,,i,+;+., .:,'-: +i: 'and -a .~rese~oir.'!~;i'!~The ~res 

mixture  o f  distilled +water, +,l~:~i i+,perc+: :e~t::+;~o~+~,is~ 
' t +"'i ' : / :  

bentonite, O.Ol+percent Of:sodium+:pyTophos~te~:i 

aerosol. The .bentonite particles :conslst 

small that there is no tendenCy ~,t :settle 

toward the. ~r 

no appreciable 

bentonite so+-modlfles ~the.ilght-passin 

band s or "fringes . , are -.visible,- conne elling-~po 

of change ,in the speed :of +the/fluid prevails~ 

+Thls type of +hydrauilc model ~tes~ing i~ienl 

designs in which flo~ condltions.~are/o~t~. 

strutted +rod tested ~in a mmtter+of;hc 

should the design !in question +prove[i+~u 

merit but .recuire further investigati 

then :be constructed ~and :tested. 

gh <1 

: <LABORATORY: 

+ 

";m 

D 

• i i  _ L , ,  i J  . . • . . . .  ~ _  

hydraulic laboratory-where ~ a s s l g n e d  i p r o b l e ~ i  : ~ r e " i d i v e r s ]  

work a t  hand. A' b r i e £  rdescriP tiOn" O~ ithe:tmore 7co~n ...... :i~r 

• be given .here - (~ 

The most common laboratory Instrume~ts;ifor.~obtalni~ 

elevations are the hook and point gages. +Three,differen 

on figure llA.are all operated through rack-and-pinion . . . . .  a 

18 

~ ..... • - • ;,:~ ~ ', 

. , - _,V, ~' . 



. ~ ~ii~ii~i! ¸ ii~ ~ ~i ~,~ i~i ~~iii !~ ~ ~ ~ . ~ • ~ ~ ~ ~ r !  ~ ~" ~ 

F I G U R E  1 1  

o ~ 

r j  

! 

! 

~ H 
a~ 

0 

t 



m 

I 

and ~re ,available-. commercially:in ~~,various. l'engt] 

these gages. :i ~ r~" 

Instruments for measuring ~veloeities::~.!~re >a~ 

under which measurements are.i~r~uiredjl ~In~t~ 

moderate or hlgh:~.velocities:.are ~not~-accurate~ at~i~ 

those designed,, forlow .ovelocltJ es are ~ too ~fra : ~ 

v e l o c  it i e s . .  Furthermore, :'so~ .~, inSt~en.tSiii'~re ~, 

than closed condult:work, i~The ~moSt~ eommon::veloc: 

are the pltot~tubes, some of~w ~,i ['<:~:~ • , h - ~ - , " a r e : : s b O . n ; i : i n ~ i  

denoted as B. consists of a i  single kineti'c :i!l.egi:!an~" ' 

for measuring, air..velocit lee. -;: 

The pitot tubes, .i C, D,. ~nd~:E, .. ~the ~ Pro 

both kinetic:and stati 
:oe.f 

tubes v~ry in-.size acc, 
• - .... ~ts.. 

formed but ~ll:are.exactiy'iaimilar~in dimensi, 
3 n s  

an all out purpose~.pitot::.tube ~,s:iit,.~works~/Weii:~ov 

velocities. The shape h~ -- " 

channel work. 

Tube ::F is shown .as 

made in the form of a ~ph 

side. A circular port :ce 

as-the kinetic leg,and an 

with the h o r i z o n t a I :  s h a f t  .: ~ l e a d s  .,..to the~ilsta~le~Cbn 

has t h e  or po ses,i ::  :eo rr cl ti!,,orj1 
velocities for,.whlch ~ ~':: 

but is ~upported from'a'.:ver.tical:.ahaft. 

i~ie8 

The  .ehlef char cte s   

2,,..': 

The center °r--klaetic.po~is~dlreeted into~ o .-, ,~ ~- : .:~ "~ ~ : : 
• , . he,~approachlng current ~ ::: .~. 

by, rotating the,tube ~.about its,i vertical axls~ until: the :pressure at ~the 

two .outside borizont~l ports, is balanced .... ~Thls~.means :~that~the:-kinetlc ~ 

• i'i" 



port is dlrected such~.that : , i t  " c o i n c i d e s  ~ with .° ,.~ver~Ical ~ plane/parallel 

to the flow and passing through~,the?~center 

There is no~,mechanic ~ ~-.a.~..-A--_L ........ ~_~",'~IL 

on t h e  two o u t s i d e . v  

ports and, by means- 

puted in magnitude :z~ 

is its ~irection fin 

Three methods '0 ~ 

channel work are ill~ 

used mount is shown.~ 

in pitot tube work, 

available. This: hea, 

ical angle of tilt ~ 

are designed ' to~.ope~ 

Tube~H is a pit~ 

velocities in •closed 

at both sides of the 

accompanying this ~.it, 

conduits. Usually~,pa 

conduit,"thus it is 
/; " ' 7 

"! /ik.',~:'~t 

stream of :flow by baianc ~e~ pressures Jon~,the~.tWO uuter~i::~o~s. i'.~This ~ • • ~IL!~,~ 

is a special purpose pitot .tube;constructed,~for:,.a: speei~f~cal!y~narrmr . . :!: 

range of velocities. For the, :desfgn:range~the;:icOefflcienti}app~Xi~tes,,il,.:: , .  :::"::~ ii. i 

rice/ pltot ~ tubes as the pressure distrlbution:on: the~e ~,i;sha~s!changes' 'i?i,~ ~: ' "~:.-..,. ':':. ~'' -,~ 

with Reynold's number. •For:,this, reason :spherical,~nd cyl£ndr!cai~.tubes /!:i 

must be used only-within the cal!brated.r~nge. " " :?"-, 

Tube I is ,a pressure probe deslgned !~to,-measure statlc~:pressures!in.,the-:~. ~(.,,.:~ 

interior of a fluid. I t  may also be used todetermlne:the-::directi~.n of~flow., :,,£!i~ i 

~ 21 , ~ 
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side wall~ and.. ea~h.~II~r .: 

• .pressure ••is -•.l~eed:• on :,%l~e., 

then lengthwiie.: in :i the::,al!re:: 

• r. , : - 

h o l e  

i:; < : • 

. ° 

~ 8  

leading edge:-::e~uals c~ t~ e :::e@..rre~. N 1  

• The• instx~lent ~:;shb~n:•:as,:~::'ona:•f 

current  mete ~, ~n,::opes 

propeller .-Is :z~gistered?J~ an:~e:ec~ 

to,. a* head:, set, :.cRronog~aph c.or:" osc~ l  

A?om.f Th e: in ~t~t :,showa-~;ah;~!A 

a~d: is.::de si~ned~ for....ae&surlngi,'veloc 

second. ••:With ,• t h e  r •• nose::•:Of ;:the ~,~' ': 
i s  .used .to-.e~cuate;~ '"~' ' "" ; "' : ' l:~>air::~froi:i tb 

float:; With,, sp, 

The ~ float: rise: 

velocltles, 

;: 

.->ahif i g : the ,  ara,   
!:!laI ers:v For i 
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FZGURE 12 

A - Pendulum Veloclty Meter 
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B - Pressure Manometers 

LABORATORI ~ I ~ S  FOR MEASURING VELOCITI~. S AND PEESS[IRES 



_ - _  | 

.. ~ 

~ J r ~ .  i n g  lpos i t ive  water ~:pr_eSsures~:~is !.the~s~gie, 

:/~%o a piezometer located.:~at~ the ;:;modei~.~ 

."merit is desired. .~.The~ pressure ,is:i.theni!.reai~i~il 

above t h e  point.. ' . ' .This '~,:. t y p e .  o f i ~ a n o m t e r  - i s n o t  i::s 

negative. Or subatmo.spheric !pressures. ~ With ~'.tubes 

shown on flgure~12B,.-a.~wettlng agent .~ such as a ii~fe: 

inserted in each- tube %o-~mlnimi-ze surface i..tensi~n 

tubes is often'colored ~a..~:trace~..o-f 

flnition, of themeniscus. .The:U.~.tube 
. : ,~| 

be used .~to: measure-:negative ~s~weil ~:aS positive'~i- i~ 

mercury are .the most-common liquids: i'ii • 

-The gage • on the ileft, .£1gure.,i.13A,:.•,.is..~ a ~:~ " i 

is: 'designed .to-read-.slngle, :or ff~erential:: pressuz 

~en:~water is~the medium, /.the use •of :'the 

~The :~si~ 

• %o •i 

manometer ~ 

g~ 

::' .... ~:•:• : ~/• ~" " .......... '~'~ ~ ~'~""~.~ ~'~' '~ "..i ''̧•~ "i'i"~"~:•'/•:~•~!' 
~is ~ use~ In~. air model ..%estiug...~ .i:The - sloplng:~.tube~,magnif.les .~the:.moVe~h~!~ 

- i s  10 : to  1. A': traee~of  :aerosol~  i s  n e c e s s a r y  : . . . . . .  ' "  ' ~  in. this ~water. gage~:aolu~ion 
to  'e~unteraet~.:surfae~-~,tension. ..:~! ~ ~ • 

:24 
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F I GUP&] i~ 

A - Pot Type Fre',~ou~'~ Manometers and Pitot Tube Gage 

B - Fluid Pressure Sesle for Weigh l~  
Pressure up to ~00 p.s.~. 

LJ&B(~BATORY INSTRUMENTS FOR MFASURING FLUID !~RES~ 
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- , , . ., - .L. 

~The :gage .on.",~ne ,~;r:~n~ 

pltot tube is~ conne6~ed .:~a 

causing 'the water :,sUrface. . .,!, 

.valve in :a, saall, reservoir 

allowin~ a ;few 8xops of,~ae 

the  rpo e of: re Ue g : t  

In :, thls',.case :the d~fe~ 

• ".~ , . /. ".'~ " 

iYor ~t~e -~me~me~e: 

This i s . :  e 
, - . -  

" '," ~ , i . ~ ,  - ;  

. • ~ ".'~: , ~ - . . , - -  . 

welghing.~.Is.::aneo 

~hen -Indica%e .,the ~t~ 

. . . . .  " :  . .~th%%he/m 

ii 

~ m  

? 

~ ¢  " / ~ , i  ¸ ~ :~ .  
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A - Carlson Strain Mater Type Pressure Cell 

b 

/ 

, , | 

B - A C B r i d g e  a n d  P r e s s u r e  B e a d  

IABORATORY INSTRUMENI~S FOR MEASURING PRESSURE 



- _  . , , ~ ,  . 

• . ste6L ~ :ar~ ,  

.. :t6'~.tho op 
. . :° 

.the~:teasion nn.~ Ooe::.~ GOil:~:ia 

I v n t .  s ~ad~ptable.~ for~.the 

pressures. ~he.:,~:~ i~,wh£ 

strain-sen$it~v~y, ;i:Is:.;qu.. 
d 

~he/di~t~ ".coii  ,,. serves:i-~,: "" 

• the'i..two :icOils ... ~Iod .::~.% 

celis :/aze,.all ..co~ s t r u t t e d  

~" . : - i }  , w : ~ d t h :  of'-'-,:ll~l~e -~, r 
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./ 

designed, for, positive ~a ~.ne 

:,re~e can .be..,,reduced.and,:,the 

The instrument cons%ftu~es !~i:~ 

.• i../. ̧ ,L: I 

r ~7 

amp lificat~o 

frequency response As lim~ 

frequency or about ,~0 ~c~.p.. 

channe1,~alterna~in~ curren~ 'b~!~i~;W~n,! / 

constructed ~n the ele ::shopo~Ti~it 

operates ..on ~a ~f, requency/~:of l  l,O00,~tO~'i2~O0 

inating ~60-cycle ~ :!nte-~T:er enee ~ '~nl ch ~was :~ ~' 

instrument, iReac'tan ceLdiaphra~ ~;~IP~ 

• . or 

p ~ . n c l p l e ~ s  :the Hathaway :~pressurehea~: 

diaphragms replace .~he ~bello-s~~aid~ithe :.:r 

pressure cell is shown in~di~ie~ntii~way~e 

and the accompanyin£ ~power ISU~PI~,,"iosc~J 

osci~lo~ ~h:~ . conjuncti~,n with the., • ~ ~hown :~on ,:.~i 

Lc 

9.~ Purpose. • G ~ l e o  once:sa id  

ies ~n discov6rles.~rel~tlng/~tO !'~the'~m 

of flowing water ~hough-.~aki: 

been ~arned in the 'field:,of. fromi .manyli~able~im~i~ii~i~be 

year interval sinee,~Galileo,. ~yet~.~hy~lic.s-may ;be ~St~ll .~ic~l~saed 

body of empiric~l data ..... It Is .b&sed ~most ,entirely On, xper 

laws governing many ,of i!Its, phenomena ~are still; caly :par, tial!y-undq 

~ B  i~8 : ~:i ~ 



FIGURE IV 

~ww 
A- R~uctsnce, Diaphragm Typ~ Pressure CeLl 

B - Power Supply, Oscillator, A C Bridge, Rectifler~; 
and ~ p l i f i l e r s  f ~ r  above Pressure Cell 

LABORATORY IN~I'RU~LENI'S FOR ~J~,~JRING PRESSURE 
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i' r/I~" 

• @ 

b - .  

" designed ':without tthe 

S in me :~ t b e  i:~ advent ::"Of ~' 

T h e r e  ~ r e m a i n s ,  never t ' ,  

the : has i c'~:: or ~i fundamen 

,: mechan£es,-before~uni~ 

the, :difficulties ~ tha% 

w h i c h "  the basic :features 

component parts~',but,:exist :.!£n,:~co~ 
. -. :i,~ , . , "  

such: probleas - • ..... i . . . . .  is .: v e r y  ~of%en ~,~, 

able ~%hematic~l teio ~h~lques~."'~ * • .... :~~:'~/~, 

structures by:~ns,: o f:<~odels.::~ 

clde ~wlth : the !design of ~ithe ~:f~el 

h a s  t e . ~ : e x p e r i m e n t ~ t  i o n -  i n  .~,-,t ~ . - i :~1  

"The .unprecedented .i:~gnitud! 

:of t h e i r  :acco~panytng~! 

~. n m n t a i :  d '~i ~ ~ ~::~ : "": +s tu  tea~:+be <:cart .  

w o r k ,  i n  t h e :  i n t e r e s t ~  

could: not h.~.', left ~:enti~ely~ 

nres ofthls ~ma~itude.- :~It 

. ,  and impro~men% In 

-b~ model =tudie% :~,' 

o . o e  -:~or ,?1 DO.1 

. r  

"i~ : 5  

• q .  

, . i ~  r - .  ~ "  

• t , ' .  ~ 



9 ...... ,. ~ste~Y <'flow<'of 

,hydraulic-.labor~ 

i.i:s: now a well ~esl 

approximt aly .250"rood el~,i!Of.~i~rl!~ 

cted i,~nd:::te 

.~A~eau~ ofReclamation, :no t ~ o  mar ~ r O U S  

The ! table :~includes ~I~ ~' 

' works, slulceways,/can .... 

valvea, pumps an d '~urbln 

:~a~d related' structures ,~!~ 

miscellaneous ~ problems :~ 

~'~he h e a d i n g s  .,from-,, c l u s h  

.the~ prototype ~',t ~c tu~ 

u~ed: and-in ~!Some .oases~,~ 

models ~.were ~ employed .,,in 

The !spillw~ys~ have ~:been~: 

channel, ~ over~all,~!su;,~r 

• f~ll~:under ~ more ~ th~n one 
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later'been obtained, Of the~p,ototyp'e,;::struc 
extent of this~.infor~tiOn.:,iS.,.i~dlcat~d~:.b~ 

i '  ' ' ~& . . . . . .  

technical memoranda~ and:othsr 

~hydraulic.~odel::teSting:.,_ 

of theirimportance:~inccl 

reportscontain~.tbe, more, :r, ecordm 

ii. 

in the,hyd 

evident•:fz 

to pass :.tb 

flood seas 

to hydraulic 'labor~toryreports~,LwhileiT.? 

orandaboth in the ~ files of:,the.Bureau~61 

of the Bureau. The, :~l,a~,:z~¢:: 

at the bac ~: Ae;,.~^,,U...:~: . . . . .  

ei 

chance, or entirely .° % 

of hydraulic models. 

develop a~spillway: 

tb e d • s ign -of : ste ep ~Superelevated :,: chsamels ~': for 

aS no preee~en~ ~exms~eO, ~ xor~.~nzs~r 0 l~Oeslgn" ropli/ 

a, number Of: types :depending On °:the:~:kina,. of:: c~m :.involved 

the foundation~material. ~.Although,,:.theiillst !in~:'.tabAe ~,l,::coa~s~,~57 ~ ~. ~i 

spillways,: nO,two are exactlyidallke; ~'' ..... : u--. _: 

discuss these ~types: and point, Cut.! the/ext~nt::or~::~ener~li~ideslgnJ.info, 

12. ,Morning, glory,~ s~illways. .Ofqthe ~ four:~morning-glor~/~sp~lwa~ 

listed on table.! !, ! the :one at. Gibson !Dam .was {.in ~eXist~ee:;&t:~::%~e:ii.t~: 

the model ,studles..were made. Tests ,: on ,the ~O~ee i,spillla.y~:wereu~ade-: 

'~4~ 

k 



d 

@ 

coincident, with ~9,!~desi 

• before: the model! tests~'~w 

piers were: added' to:' sn-'e 

t 

:~Tl~e ~!,two~io~her,.s~::wer, 

indicates, symmetry::0f!:f!ow~:to .lwa :~ 

~j means: of the.:model,~,the~~Piers':!and,,-~,g*~t s 

p o s s t b l e ' ~ h n d  

13, table~l, the~model':study . . . . .  

r z o , ,  ' " . . . . . .  '   :ithe.  _ - .  observation of ~:redesi~."!~o ::.i ire o' 

pres sure : measurement s on ..the~overflow ~fa e 

for thealtered designi and,:observati0ni;~f 

sh~rt and.elbow::tmlow~the,.:overfi~ section 

The Qwyhee,,spillway:,was/re~ated i b y  

model tests, were~similar%to'~those!~above ~,'bu 

measurements. Of!i:the approach.;area:),and }thei.. 
" . ~i ~ :,~ - 

lines im: th e. :photograph :~ on figure ,~20A-~ ~were 

pieces Oi" paper on.•the,,water,andi:%aking:-!~."~:~:, 

" :' 'that in these two-cases •provided assurance'," 

spillwaywas uniform, t h a b : • t h e . . . s h a  

negative pressures." would ~.~ be .~ small. 

spillways-were of suffic~ 

and beads was.satisfactory. : ,. 

13. Side-channel spillways. ~i~he~i~s£de-channel;spillwaysi 

on one s ide ,  figure>20C',~ and,,:the!ii,seOor~d ~empi~ng~overflO~:~,!aec 

opposing one another ss !In figure;;20D~. ~ i~From~;ithe~;s~de ~•:ch~nel, 

is conducted to%he river by~ieither~:a 

At the termination of • the tunnel: or~:chute,,.~i a~ 

r i v e r .  I n  the eaee,~ahown~im f i g u r e i . / 2 O C , ~ a n o p ~ n  

, . "  • . . 

"/? • ~ ~ 3" 

:,': .t 

f - k- 



A - ~ h e e  ~xW~ G~e,t~ S]pill~ 

MCI~,.~NG GL01~ SPZiLLWAYS B - Gibson Sp!llwsy controlled 
by Radlel Gates 
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0 - B ig  ~ e l ~ r  No .  2 S i n g l e  8 t d e  
I) - Box ~t~e double Bide cheunel 

~pfl~ma~ 
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of ~hese. spi llways +; are ++,j 
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Dam, e • "+ 

++ +,+~:+ ; / / + , , + +  

The s e c o n d  is+for '' ' ~" 

~ 1 ~  I over'~th ~+~ ,,~::c 
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':L~' 

Q 

as ~ell as the ,mos~ef~Icient ~:!~ha 

a desirable ~:basiS.t'for ~ipreaeatiag~,th~ 

This has ~ been ,:done ~(6) i from:!info~% 

of exl:erimen~s,:.whi, ch ~werei~perfo~d,~in,~ ., 
. . . .  ~ , : ', . . . .  . .  ,~  , ' ~ ,  ~.,~: 

• reFcrt covers the: design',of~overfal~tse:i 

the ,-ethod . . . .  . . . . . .  ' ' ~': Proposed fo~,~.propoz~io~i~ ~o~ 
• ,r !/_ 

It ! ts not,,always/,/possible ~,to ~desi 

7\ '/ 
necessa.-7 to sccommodate ;,gates,;i!seeon.dl.:~ 

structur~li7 ,stable ~. ~hen :ii'designed?acco~l 

thirdlx, ~it may be •des~rabie<occas~on~.,l 

vacuum existing :between,~ the Ydam "'face .... ~ and 

it. The practice O f ; ~ d ,  

cour~ged except ,~n ~s~, 

with the ~problem. YAlt~ 

head its value m u s t . h a ;  

S 

large dams is :Of,:~Teste 

• threaten ~ the~: existence ~ 

material. JS~i~l~n=~,ha, 

~ , ' t '  . . . . . .  

conservatively determined. "The~ 

. ". destructive ~roz~. :?;The ~purpo~e~;•o , 

. . . ' t h e  ,tailwat er 

le 

• i,<!,,.: i "̧ ~ .... :~• :: 
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~The relatioaship.:Of::~ 

(30) :(,31) i ls ~:g£ven 

i•(29): 

. m 

the terms are. "explained ~in~ifigure~!!22Ai ~ 

stilling pool, ~,~t~e floo~, .:.wh£ch~i"s~:comm 

~'. e 

above expression for!%he~,~:iid~i~i~ 

pool aprons are c o m a o n . ; o n ~ i : s ~ e r ' i ~ , , % ~ c  

apron necessary:to deve~op~ith4/:J~ap%~S'[: 

maximum condition but this :-ean~ be. short"~~ 

spread er • teeth, :baffle ~. pi ers,~ en d:. sil~s, ii: 
Over a period, of ~,years, ~,general 

the laboratory on~-stilling ~:basins:~,wl 

(32), ° b u t  theses.are note'!recommended 

placed - a t  the~ end of : t h e  ~ a p r o n . i . ( f % ~  

which tends to continuall[~movei~loos 

o f  t h e  a p r o n  ~, establishing i : ~ p r o t e o t i o n , ~ r o =  

end of t h e  =pron also c ~: 

it to n 'definite. distance: downs%ream.:~ ~TB 

scouring, in loose.~aa%erial,,;variesi-:,with : 

water depth. The diffi~lty,~often~encou~ 

ontal-apron stilling ~ba~Ins -~ is.:t~at ~:it~ 

sensitive to a,change in~,the:~alue:.of 
the river downstream: from ~'ithe,:r~ima~ 
off •the apron, r • ~: • • 

By pla~J ng the :.~sti~lln l 

locate it so as to,produce 

• a t e r  . curve .  a n d  t im .~ Ual~he~rJ~t ~ ~ e :  ~ o r ~ : a l l ~ c ~ d i t i o n s  ~of:~diseharge;~: ' 



:~As a :'result, :tI~e ~;begInning~('df::~e ~iJ u' 

inereas'e's~with:~;~t he 

short  estl ,' a%:':ithe ~!Er 

is "des!red and~th~d 

. . . .  r . . . . .  

and.1220. ~, ': iii - , i '~' : 

0 

~bucket,lat~the~,~oeiiof:the 

g~eater-,tailwater.,depth~,' 

been used:on~ibw~:d£versi 

,operates ~under 

. d e p t h - i s :  too :i~e~t~:~to,i:.obtai~ -, 

solu4~ion ~' "il c~ne~ai. £nfo~tlc 

buckets, :..as~ listed :~tn ttab£e !2 

at£on, of ~!the ~:manner :~in ilwh,t ehi 

Dam Is :~g£ven ~n (~ 

i ~ 16. ~vated ~s~_~ 

un d e r i~ the,'.-~head in g,:~Of ~: su~.~el~ 

suPerele.vated~chaunels ..:i,' r" :'~(,:,. ':.: 
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FAt,,s~ ~,: ~at(-it":i 
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~l':}.Ow.. ~,,~Xt' is ::theref 
! 

D 

Q 

. . . .  er  ,not :::~ee, stve::unt il:.: a~t  thee:water 

• I, h t s ~  i s  

~'  L ' - 

. ~ s t  

iov~tlo~,:~om:.te, 
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~class~fications on ;.table I can also ibel.;~.lOosely ' "  " .: '' " 
F ~ o t o g r a ~ s  .' o f  ;a ~mod el!,..of~ !. a i.~lo~ed~:¢hute :; spi'n~Y. ~ ' 

chute spillways, ~ " ..... :.:>' 

at the entrance :.to:the ~ chute,-,,:This ir~,Cess'~:e" .iPl~c~:~!i~er~"J~ :a'':/÷! 

curvalinear ~ flow. In ;.the; design:,of'!lar~, ~,structur s'~,~ 

~ certalm ith model .study ~,£s advisable ~,to b~ at:~the ii~p~;~lwaY :.~.~;~: eStlon 

will actual ly operate .'&s .~ anti=i~te~ i "i :'.The ~o.nly ~ ~f er, m=, j.to:~,i~.. 
le :~l. ~, 

spillways are ~ common o n ~ ; e ~  ;d.'~Ss %,,~ndi;a~:~, , 

as nearly as ~ possible :,;the' p~file of~i~the ~:~ 

fcr. some distance downst 

steepens as the stillin~ 

usually cons is ts  of!re ~;~: 
Photogrnphs '=f~ three earth" dam~spillwa~/~ ~' 

T h e  F r e s n o  :Dam.;spillway, f i g u r e  '25A, ,!la.!~:t~ 

of the A!am~gordo :::.Dam. s~illwa~/fi~re~;,~SB 

cost of .the structure, yet '.the !fi~i'~?i :~ 

in the stillmgbasln will:-not;/be,:~tisfac 

~gure 25 C, differs •{ from~.%he. ::i~former. ~..':two. . ..J"~-., 

£n .every case - the ~ st_ ~lling.... ..i~~°Is )c¢~sis%.~.( 
~.eis .~;wer. 

t e e t h  . ~ ,.; ~ -. :'i ..i<:'/.; 

cond i __ ~ ~.over ~ ai 

tlon, : 
<iThe ",~i 

stream. 



B - InCremce  to  ~inoe Dam S p i l l w a y  

A - Chute of Seminoe Dam Spillw~y 
( C o v e r  BAmoved) 

CLOSED CHUTE SPILLWAYS 

C - Splllwey T~pezolda! in ozoms ~eotlon 

FLAT aPEN CHUTE SPILLWAYS (TRAFEZOI~&L IN CROSS SECTION) 



FI~ 25 

B - Alamagordo  Dam Spillmmy 0 - D e e r  0a~ok  Dea ~LII~ 

~ ~UT~. SP~.L~I~ (RE6TAN~TAR IN CP.~-~3S SECTION) 
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ba~in.,~p 

21. 

purposes."~o~mstrea~ 

tho spillways, ~:' 

adequate. Dur£ng~.~ 

problems. ~s~the"velo~ 

.Ject'todestruction;,by" 

closed.;.conduit, i 

oba~ruction,.~,a.:ga 

condult:~entrance, 

.p~oport~oned. ,With,~:~,wat er '/f~Owl 

causes ma~: result.,in ,,a.. flow~ 
. "j f :-' 

ou  : t h e  s e  ;.,urr, c e s :  /:~W~eni<.th'e.-'ne 

water '.at; sea level 

i t h ' a , .  c omp~myin .g  . < v i b r a t  i o h  ~:~,' 

" . ~ i l l  .: r e s u l t  i~, " in pi~ting' 

• des~,,.~e~f6n'. :.IlluStr~t£o,~:,. 
- ' - - ,,,. ; :. '.?t .[.,' '-, 

are s h o w n  ~ ~ o r  ~:steel, , , c o ~ r e ~ !  

a 5/.8 ; inch .st~i: penstock: I~ 

of ..actual: operation . :This":ii 

Pitting:of.concr~te, 

"" ' " "7 " ~ 7  
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IPI G~."~E 29 

Qp 

A - Z~x-~nch m~,del cf o~, ~ outlet, inclu'~ng~ 

rir~ fc ]]o,~x,r ~,8te:, for Grand Coulee. Dam 

h - ',]~-~zc,h hi[i,'.'" .'..", ':,'.iv. ''~,'rt,'~:~; et 

a'~"z r( z krJatel:: tO ;,,.reef." ( :' fuli oF: nil,g. 

MODELS OF CONgROL GATES AND VALVES FOR DAM 0UTLE'f WORKS 
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• pose ib~ lit i es~:Of-~! eawstatlon :.:frc~:!i. I 

~h~oh ;. was :'d,evelop~ 

FlOw. fr~ the..Out'bets i 

elbo~, at :.Eae :downstream ~er~d 

. ". ":,!:. 

tiOn.-Of~themodel:studies on':%he 

• model: o £  :.,e.i:'holl~ e t  . v a l v e :  .:, 

on: figure ..29B: Photo 

l a b o r . ~ t o r y  . : a r e  .i,~o~m.,:on : f i  gu: 

~ h l £ h e r :  c o e f ~ i c . i e n ~  ~;O'f /di~ch~rge :i,£h~ 

least-expensive, of !:the ~ithree.: tg ~,d6: 

w~thout: negative : . ,pl 

• discharge .:can-prevail: i " V i l . v e ! : c r o s :  

ourve~, a n d  pr?s~.urei:.:Cvrves!::are~i~Sh, 

tl~ereon,~ ~as: Obtalne,. ~e:. 

i n s t a l l e  .~-,~n,=,the.: s t r e  f a c e  

cnndu it leadi.ng~ through :~ the .-~.am,~to~ % 
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" °/~ 



FIGURE 31 

A ~ Six-iNch ~odelz of ho]io;v Jet, ~ub~, and needl~ t~Jve 

B - Slx-lnch models of Enslgn, Ho~,ell~Bunger, and Butterfly Valves 

~ODEI.S OF CONTROL VALVF~ FOR DAM 0U/LET 
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FIGURE 36 

W 

A m Valve~ end stilling bssin for river outlet works 8t Friont Dam 

B - Stilli~ basin 8rid hump for outlet works at Bull Lake Dam 

b~tlI.I.3~G I ~ S ~  FOR O~LET WORKS 
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will cemvey water:: 

Big Tho~:t:~a 
exls%. Ins%~u~ i÷retnzc'~c 

structure is' ex~eedlngly: 

over-all loss Tor~the inl 

.ProtOtype" The'nunerous 

weather,. ~Nevertheleas~ ii!I 

prlnoiple. ,,, ' 

,A model of the r.~Jkde1"s';;-* 

££gure 3~C: ~he ,! headworks ~.com 

, bas in  a* the' u~t~m: ~e~ .of". ii! 
very similar .,to~g~,~.,~ri~nt,'21Mm 

26. River ~oXS.; .se~mr~ 
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FIGURE Z8 

A - Distorted model of Sacramento end San Joaquin R~ver 
Deltas Horizontal scale 1:4800 and vertical scale l:lO0 

B - Tide producing machin~ for above model showing tide control 
cam at left and displacement float in center of photograph 

RI~ MODELS 
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27. Can~l. atruct res.: ,~In 

solve , flow problem ~ on :a ,: can~l 

as canals often involve trapezo: 

steady velocities ,.if scouring,.ii. 

frequently encountered..on -. earl 

between headwater,and 

~struct' 

draullc Ju:~ to form. As. a:result~.iti,is<necessary.:to.~use :combimat£on 

s~reader teeth, bafI:le piers.:!.0r :.i:igflis 'i'to-dissi~at ~ :"e ~the~excess~" " : ': ener~,'; 

Figure 40A shows .a canal chute, with trRpezoidsl-::stfllln basis:..::T~e: 

model was constructed to studymeans(of-'alterlng:i;existlng'~st~cturms~i 

wh~ ch performed t~crly. 'By,:~ans of,!~,!arge i"~ffie,~ ~iers:::and]:;;'silla~:~t%: 

was possibie to improve i the performance ,. )./f:the:!~stliiiing/.bas£nl.i,t~>t~at. 

sho~n in f'icure 40A. Nevertheless, '.there?i.s~.a::Choppiness~i~in)~h~:,:wate: 

leaving the sti!li~g basin .:which .is.!:invariaS, iably.: d!e, trime~ilto:i.lthe ~:ear ...... 

sections of the canal d.o~nstresm. Th£.s:.is.~:c~ara~te~i.stlc:,i:.Of~!~t~a,~.,~.~.. 

zoi d,l stilling basins. It is' no .long~r:i::conside~ed. ,.-~ iE~od ......... i:~;io~~i~ii!;:..~. :~. ;,,.... 

design canal structures ~ith fl,-t-sided.:,.trapezoldal.::stilling~basins. 

More recent des i gn s of ::canal drop structures'!i ~re ~is~,:;'.by.!.th~/.iim~." '~ 

on figures 40B and 41A. The~:former is:a~power,::S%ructure)oni:the~,Al£~ 

canal with a drop on each~ side. iThe ,.stiiling~b~asin's :for~ithe! ~:tlo.droP,h:,: 

are re.ctangular in, cross section ...with i slo~in~Ta~r~ng:]is.fid Siils.,.:F~q~.~.':: 

, ~ k ~ 

.\:( . "" 

action is much improved,over that~of ~ ~, " ~ "~ ~' : J ~'"'~{ ~ ~ .;.!:? ~~.~ , the,. st%lllng ~ bas.,n, of~ figure ,~Ol ..... :,.. .. 

In sp te of i proved actlo    the 

been e×perienced in holding-: the:riPrap~ i~::iilp[acei~ti'i the"i~O~:eam~:')'en:~i"ii~il/J[iii:, " i"/" ::: 

cossideratlons the ~war~s we~:m,,~ . .... " " " " ~. .... " : • --~: ~, short.:~and ,:abrupt. • ,:The ~ edaies,~ l~ro~u¢~- 

by these short transitions tend~to und" "ermine, -~e warped :~lls.,i i~ I .i.ii~. 

Figure. 41A shows a model of i PiiotKnob~waste'ay on;!'the :Al~-:~r~ ::~¢Rn~': ' :."~ :.iF~ 

cartel. BY means of a hump in!the floor, ofithe,~chute, !just .upstream :~f~om :. 'L.: :.:~ 

the chauee £n grade, the i flow,.is spread ::Uniforaiy!in.~.the:;diverging i:seet~&;:: ::: ;:,::'(i " ' j  

thus flow enters .the stilling basln -t pract~cally a- unlform:!deFth, .~::~e ° . ?'....:..:., 

entire chute and stilling.ba~in ~re rect~tgular.:in .cross section,~nd ..:?, 

. . ~.,-.~ 
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FIGURE 41 

A - Pilot Knob Wasteway on All-Amerlcan Canal. 

B - Ty~,ical Wash Ov@rcLute cn C~,ac~,e]la Canal 
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FIGURE 42 

A - Model of one of four pumps to be 
installed at Granby Dam, Colorado 
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By definition acceleration ~,a-.= ' ~L 

it 2 

and for vertical acceleration a :=!E 

so t = 'L '.~p 
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Since P = w ,  in ,which ~p is de 
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~: is acceleration of gravity, the time 
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Furthermore~ whentwo motion:occurences 
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The fundament~l expression re~ating.~the!:~force~andi~!the:motion is 

expressed as Ne~on's second lawOf motion: ~ 

F = ma 
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Ma.s 

Force 

m r = 

Momentum ~ = 

i~i~? ! • 

W o r k  W = FL 

Po~er F = W 
t 

Impulse I = F. t • I 

• ~Lr - 

r 

The, a b o v e  relationships apply i . o n l y  ~ fo 

forces predominate. Should v~cous ~forces 

different of re1  ionahi i  wo.ld i old 
dynamic properties. / 

One of the difficulties :ii n :model ~design 

faces sufficiently smooth to represent , . the ~roughness ifactor~, ,n, 

ratic~ sho-n. For large models, thisls ~posslble, ~but for !small models 

the friction is seldom to scale. When the frictional resistance is 

not to scale in a model, ~all flow ~relationshlps are~thrown,:out~of :, .. 

scale by a correspondln~ amount. It is possible, ~however, to com~m- 

eats for the excess friction In the model by!ncreaslng the slope S 

(40). S~ace tensic~ is another ~factor~ioh~ean ~af~ee@ ~e aee~o~ ; 

L~ 
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FIGURE 43 

A. M,'d,:l on I:2C :cul.' ~ll::cLnr.~'ing at ~0 ::ecenL~-f::',~t. 

MODEL AND PROTCTYPE COMPARISON OF SOL~H CANAL CHLU~E ON 
UNOOMPAHGRE PROJECT , COLORADO 



FIGURE 44 
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A. ~i~,~:, Icn l:]L scale sho~:ing 
shspe of stilling basin 

B. M:,del d~schsrgl~g at 
1135 second-fe~t 

C. 
f ( ' r  : : L m i l e r  t o ~ i " ~ L v r  c, :,d~L~en 

MODEL AND PROTOTYPE CCMPARISON OF A CANAL ~HUTE ON THE 
SUN RIVER PROJECT, MON]?ANA 
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A. Model on 1:60 scale discharging 
Pb0 ) 000 ~econd-feet 

| 

D. Pt'ctety~..~ ;:).t'uctur,~ d~cL~rg]ng  et ~-~C,,(JOC ::~cond-f~.et 

MODEL AND PRCTCTYPE COMPARISON ILLUSTRATING AIR ENTRAINM]~NT 
GRAND COULEE DAM 
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