
~. 

~ /,?. 

G . . . .  

• ~ ~: 
N., 

E.-, 
0 

• 

r " 

~ 110T TO BE RE}~O.VEDI,.RO~ ~ 15ES 

* UNITED STATES .-" 

4m ~ m 

HYDRAUL IC LABORATO(RYiREPORT NO. 1 5 8  

8 

: ~IW 

HYDRAULIC r4ODEL STUDIES !FORTHE DESIGN .OF. .~i ,~, 
THE .SP I LLWAY ~D,AUTOMaTIIC..SPJ LLIVAY;~GAT.ES 

AT MOON ~LAKE DAM ~-' NOON !LAKE 'PROJEC]" .;, / / -  !.'- ~: , . i~ .:~: 

d, E .  WARNOCK .-L ''i .''° :i 

Denver, Colorado 
October :25 ,  :19~  :~ , ~ !  • 

~ . - - ' : ~  , ~ i  ~ 

% 

r . 

X 



SPILLWAY FOR MOON LAKE DAM 
MODEL OF FIICAL D.~SIGI'~ 



,w 

C ON "~N TS 

Section 

IT ~0 ~JC Ti ON 

I. Description of project 
2. Original side-channel spillway design 
S. Open-channel spillway design 
4. ~to~tio spillway .gate desi~ 
5, Laboratory equipment and personnel 

8UI~ARY 

I 
i 
5 
5 

6. Results and conclusimls of o n-charm 
. Pe el spillway s~dies 5 

7, Results and onnolusions oz~ automatic snillway gate studies7 

FLOW CO~XDITIONS IN GA~E CC~L~ROL ~SEC,TIOI;, CHA~EL A~ OHUIE 

8. Deeign a n d  construotio ~=~="==:~: 
9 .  Correction for excess 8 

I0. Flcav in transition bel~ gaines 8 
ii Gate . . . .  i0 

• crest calibration and pressure measurement IS 
.12. An~le of divergence in chute 
13. Water-surface profiles in ch~n~el 15 

IS 

FLOW C ~DI TI 0NS IN S 2I LLI~A~ POOL A~m -S ~qEAM ~BED 

14, Original pool design and s~eam bed 18 
15. Origimal design of s.tilling pool with re~ised stream bed~25 
16. Length of stilling pool Increased 
17. Depth of stilli~ pool increamed 
18, Stability of stream bed 
19, Final reoommlnded s~illing pool :design 
20. Final adopted desiEn 
21, S~dies of bucket pool -:?~. 

~c 

~3DEL STUDIES :OF AUTOMATIC SPILLWAY GA~ ..~ 

22, Principle of automatic E a ~  . o p e r a ~ i c n  - T 
2 5 .  Theory o f  8 a ~  control 40 :- :!i:. 
24. .~:~de] o~struo~i~ .and operation 4~ . 
~5. Alterations of model ~ 
28. Crest o~librati~n 51 
27. Model of float chamber bleeder system 151 - ~ <: 

61 :: 



Q 

I 

~W 

~L 

COMPENSA TION FCR :IESPROPORTZO]{A~E FRICTI@ZAL: RESIS Z42~E 
IN OPEN-CHAI~TEL -HYDRAULIC IB317ELB 

28. Neoess i~  f o r  o o ~ o ~ 1 ~  54: 
28. C ~ p u ~ t t ~ s  of .~low i n  open o ~ e l e  6B 
SO. Analysis of l:rr'oboty~ 8 p i l l w ~  I ~ 1  :.-; .... 59 
~1. C o ~ ~ o ~  of losses .-',(1 slopee fO r ! d ~ o a l l y .  8 i . : t l a r  

~xte l  ' " i.. 65 

k L I  ¸. 

.L: 



+~ 

~f 

I "  

S+~+" : • r" 

+.+.+ , , 

+~+ ;+ 

< . "  

: + 

L.+ 

. + ! + . . + +  • . .  

L+ + 

Fro~tlapieee. 

4) 

~ O  

4+ 
5o 

: 6 8  

Loea~ioz 
81oiI1R~ 
R e o ~ n  

o r i ~ 1  

PI~RF~ 

7. Flow %h~, 
8+ C,-ea% ~ 
9. ludloa~-, 

10. ELT¢.~%_, 

12. ~ ,~ 

16. 

17. b , r Z e o l ;  ~ o f  if- . . . . . . .  ~ . . . . . .  

18.,, .Oom,pe,,r'1~on 
-19+ OO=l~X.lso~ 
20. S~'osm-bed 

:21. FJ'£ee% .+of 'Im,1 
P-~- l ~ ~ e d  p 
2~. l~ooaaa~d~dea~ 

.r'i'~ex. ibe~ " 

~s. s,+.'m,:k.~; +~..:tSm, 
2 '7 .  " " ~ 5 : "  ~ ' 

~ ) S e  

~ P , 9 . e  

" ~ l e  

32., 

15+ 

:.3Bo 
39,,,, 

.+ $ . ,  

+,tO. +:~"dz"au1::te + • + 
+mode,,l , e l o p ~  ,eoP'~"eo'k:l.on mO.z '~o  "+ 

• ? 

. . . .  , + . .  

., - ,  , 

, r :  

"+s 

- • : .  ~ ! i ; :  ̧  

<+,i~ 

3 



.'R. 

,the r i v e r ~ d t s  a~ 
1 , 1 2 0  ~£OO~o !The 

i ̧  "~ .~  

l.i 

e~t 
fez 

BUREAU OF :REO~A~ZION 

Bl~noh o f  Design ar, d Oono~uo~im~ 
Rn~Lneertn~; an~ G ~ 1 o ~ t o ~ 1 0 o n ~ r ~ l  

and Re~eax,eh 
Denver, Oolm~ado 
October 25~ 1944 

8ubJeo~, H y d ~ l ~ o  model 
and au'bo~a'tj-'ie ,e 

TN'IWOm~,"PTn~ 

D 

o n t h e  
oas~oz'n 
Utah. a 
U~ah. 

~fox. • ~ o  
to ~be 
Duohoeno R:L'wer, 

~ .1ake - 

" 'E - 

i~.~' ~.!~, ~: --i:. ¸ 
-~i ̧. !. 



~ 1 ~  ~ ' t ;  

,:'~,~lil'G~ ' , - ' , ' i  ~+,1 ': ' ,  

r '  >J, ! 

'~:07, :' ; ~  

' ;  .<i • 

i 

77:~) : '  . . . . . . . .  ~.. 

II 

t l ' l l l l f i v i  I I I  

! 

a "i 

: / 

I ' 

,~.U ~-ui, ' i"i 

: i,'""'"l 
. r " - -  

I 

L 

. , J r  . , i  

~ '  ~.I'~ 

Iit'+"i~ I :  

i '% 

i 

~,~. ~..-,, ~ 

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

7:7 7i ~ '+ii i 

:"7 

;:)71 

~r 
TI: 

t r ~ i l l r  

" ~  

i,,s 

:;!~;L';~it 

:X 
i/i~ 

1 

"L 

"?,,7,,~ i~! 

??! 

~ 72 

::i! 

?, 

..: 

;'i!i 

i :i 

i :i 

;; :, ~ 2: : 

J U R I A U  OF R~CLA~ATIO~O , 
)ON L A K E  IliliO~JEClr.UTAH 

~ON L A K E  : D A ~ I  
L O C A T I O N  : M A P  

,~SJTI  



S P E C I F I C A T I O N S  N o .  6 0 5  
• • .+ 

. . . .  • ~J,5f T::.',ne; 
5".~'  C . y 4 ? l  5 t ~ , ' l w ~ ,  

CURVE D A T A  

a, 7s::: 
0,33 2: 
,,~, . : 4 o  ,'.' 

L .  L 1 .  ~ , 'Y  
2 0 1  7 2  

Rubble co.~crefg om.':nc as_.. 
directed. Ward to :{ ~ ~t~pe • 

A < - ' r - ~ - B  - - ~ . C × 3 ' - 3 " h t o h ,  

,+ ~.. . . . . .  ~ ; -+ ,  , x '~ t ' T  ; T ' T ' ,  T T  +'''+~'+z+++' " + " " ' L + ' + ' + ~ " ~ Y + V ~  +Y.`'+ +~ v~ p r e s s u r e  gofRS 
. .  + - ;  . . , , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . .  . .  . ",~ ~Go+-e " 

. . . . . . . . . . . . . . . .  - ~ Sf¢.,~++593"Sp__fl/wo)'" ~ +++ChomSer. 
" ; ~  S e w e r  Dta,~.dro~n+ ~ .  P T S . P o  8÷oO97.0ulle/lum~eh. ~ ;+.= ' 

. . . .  ~ L  . . . . . . . . . . . . . . . . . . . . .  -~-,.-:L.+++ . . . .  ~ . . . . . .  ~ j + ;  • ' . " + + . ~ , , "  

=.. ~9 8 . 9  B ,+ . 9  ,9 . . . .  2 9 " 8 ,  +,,.., 29"8 . . . .  2 e ' 2  ,.; , ~ . ~..~. ~ .  

+, 

+C, , .~ .o'. ..~"~':-".. E or C ",, ++~ +'- ' r -  ~ : : Z - .  =;==::: : : : '  : "{J ~ 
. . . . . . . . . . . . . . . .  + 

" . . . .  + * '  " EI. 8121,00,+~{~ .~ 
. . + . . . . .  +~ 

o 

..3" 
0 

t ' -  . . : .~ 

/ ~ !  
"'* k /  
" T r ~ s h r ~ c k  o ~  

Y 

inteke str~cfu~ 

"~Ol~.a channel 
: ?O r i ve r  bed  

+ : +++:, 4 

-, r ~ -~ A-J r  

aS dire:ted 

P L A N  O F  S P I L L W A Y  A N D  O U T L E T  T U N N E L  

, I  
+.~ 

~';TI,."!'. Bockfill .':~':'~ 

t,g~ " 

• - 6"Sewerpipe dr~ 

r '~; ¢13: 
• Z i  , .n.  + .  ,t- 

~ m+ ~ :  ~. ~ "~' 

S E c ' r I O N  O N  C ~ N ' I ~ R  L I N E  O A r . S P I L L W A Y "  

o 

~o'>i .~EI, O I & 9 . 0 0  

~'EI. BI35.5# 

EL 804,2 

? 

2~ 

"EL 609G23 

4k_ 
+:L+ ,L 

E L ; ~ .  V A ' Y I O N  OF" S P I L L  W ~ t Y  ~I N T A K E ,  .... 

+ " /L~I 

' " " / + ~ . [ : " + - 3 " 3 + x a + . + ' h i q h -  4-o  CurD. F- ~ ,  ~ 
...colloP .+~ c l ~ p~ssure q o r o s  

• ,. = ,. +~£~tecbomber  

_L  

,t, 
a~ 

,ks} 

• , ~c~t..~_~ . ~ - - - , : s o ' ~  . . . . . . .  ~ . . . . .  so ! *  ..... , i  : r: 

- 87"00' 

. . . . . .  5 ( 3 y o O ' w  . . . . . . . . . . . . . .  

J 
' ~ " ~ " " I ~ +  o . 

+ ,~ t  t 
/ , ;  I~{ 

81." 

"+EL 80#5,50 

/C 

OS Oir~CF~¢l -,---' 

2~ ..... :;) o 

e f O 0 ~ 3 .  / :+ ' {;~:i' 

S c o l z  o f  f e e t  

: Z" 6 t o ,  pipe" 

- E**6"R. : 

gt 804,7+67" 

S E C T ' I O N  ~ ' E  i~ S ~ C T I O N  D + D  

~f s o 

B e c k f i l l  "" 

droin 

~ ~ C u t o f f c m  

• , "  -< .+ 

+:il i 

£ 
$ 

[L 8165,00 

~te 

F I G U R E  

Rock t ++i 

"(. . ' 

y'? 

- , ,  + 

"t~., ~ ~ "~ 

\ , ~  ~' r : " ~ t ~  ~ :  U ' " " " 

+r 

~ : 4',< ~ 

Mtl.,'~' 

m 

: , . & :  

}, / . ' : , + ' ~ ?  



L~ 

Figure 3. 
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prepare new plans. An open-channel spill~ay, controlled by two 2@-by 
18-foot automatic radial gates was designed to be located on :the wrest 
end of the dam. The new design (figure 4) includeda concrete, rectan- 
gular channel terminating in a chute with diverging walls and :a stilling 
pool. ~he total differer~e in head between the rese~ir surface of ' 
elevation 8137.0 sad the t~ilwater is aoproximately105 feet, 

The results procured from the studies of the model of ~,~he open- 
channel spillway are presented in t.bis memorandum. 

~mter~surfaee elevation for all discharges thr, - 
termlne ~he size of the flc~ and thelbleeders 
the problem was studied in an hydraulic model. 
scribed in sections 22 to 27, inclusive. 

5. Laboratory_ ~ equipment, . . . .  and ~rso~nel.., The ~s~udles,~on ~.the,~model 
of the opem-chnnnel ~pill~y were:m~e in ~-836 in the Denver :hydraulic 
1 ~ ,  l ~ P ~ , ~ m .  - F . ~ .  ~ 4 " ~  - t . ~ - _  . ~  . . . .  . , ,  , ,~  • . . . . . . . . .  

o 

The studies on th~ &uto~.tic spill~y~gatei~del-wer~ m~de,.in:the- . 
z~w Denver hydraulic l a b o r e ~  o f  the ~B~eau cf !.Reolam~t-loninthe- 
basement of the Customhouse, 19~h and Stou% .Stre~ 
in 1937, by V. L. Str~eter, Assistant ~ineer, 
of J. E. Warnoak, Research Engineer. " 

8UMIt~RY 

~..~.eul.C~ _.e~...ccna_lustq,~jgf o~en-ohe-=-el a p ~ l l ~ y  s%udiee. 
The preAzm~m~y s ~ e s  of-the mo~el o f  the 'open-ohah.e l  s p i l l ~ - -  
produeed the fo l lo~ ln~ resultS: 

(I) The flow in the approaoh and tPe:~r~st..eeotlan .and through 
the ~uperele~ed spiral curve~was . sa~ te fao~ , :bu% :~ f.l~ !i~mm- 
diately dcm~s~reem from the radial ~abes.was t o o  near critics/ 
depth boi~ such that a .slight d i s % u r b a n o e  to the _flow o r  a small 
i n c r e a s e  i n  the  d i s o ~ g e  above.:_~he ~ would c a u s e  t h e  forma- 
tions, of an ~ulio J~ wh-AOh would interfere-with the .full opera- 
%Icm Of radlal-orest g a ~  with the oounterhaianc~s. 

(2) The pressures over the crest were positive f~wll dis- 
o h ~ r ~ e s ,  a n d  a o o e £ f i e i e n t  of' d i s c h a r g e  of 3 , 2 7 . w a s  m e a s u r e d  f o r  thin 
msJdumlm discharge of I0,000 second-leers 

/t 
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A V, Reaul~ , ~ d  . o m o l u m l o ~  o P + . a u t o ~ A o  :+ £Ltw~ to+ + ~ d l e l .  

• • . .  m m ' ~  + e . q ' m L ' m . m , . t C i v m m l n  ~ o ' l m t . m  ~ ,  +""mere an 

- - _  _ ~ . p  +.'!+ :~+~0ae  L,emmed Z~oed+ ~ A ,  + - ~ .  fZood.. .  ~ ~ o ~ l ~ r  

• abz++ ~'*(~) m,e o f . ,  e o ~ e a ,  m O ~ 1 o + + ~  +(+ + + + ~ + ~ w o  a ~ 1 -  



The followim~ general oonolu~i~s may be dr~wnm 

(I) Other faot~rs rsm~/ning oonstant. ~e sensitivlty of the 
gate v~rie s s 

(a) inversely as the floa'b-well area, 

(b) directly as the length of int~ weir. 

(e) inversely as the friction, 

(d) direotly as the area of bleeder openimg, and 

(e) inversely as the volume ~ the piue between ~he intake 
structure and the weir. 

(2) Wind w~ves will tend to ohan~e the ~on%rolled elewtion ~ 
reservoir. This t~n~n~y oenbe  efTeoti~.~ly r, 
damping between the ~eservoir and the ~ir. A 
volume (e.g. i00 feet of 18-1n~h pipe) will p~ 
damping ~ue to inertia of water in the pipe. 

Sensitivity ~ a gste refers to its, 
oh~uges of reservoir elevation. If a ga~ ii 
hunt. If not sensitive enough the re~e~voi~ ~ter surfaoe will not 
be oontrolled within s narr~ ra r~e .  

.?L 

FLOW CONDITIONS IN GA~E CONTROL SECTION, CHANNEL, AND CHUTE 

8. Design ~ oonstructipn o$ t 2 ~  spil!w~V_ m ode_l. The mode l  to  
a ~oale ratio of I~60 (fr0ntispieoe ~ud figure ~)was designed usin~ 
the information om~tained in f i g u r e  ~ae sulmmit~ed ~y the :~si~n " 

z r o ~  z'or smoo~;huess and ws.tertig, h~mll. 

As originally built, there was no a/1~e rode in the ~ I  
f~ the exoess of  friotio~l reelw ,%~ame rarer that in+the prcto%sq~ " 
as assumed aoo~dln[ to the laws ~ hy~ulio similltude. Su~equen~ 
s~udies of the Fl~w oonditions in~he %~nsi%i~n below the ~%e seo- 
%ion i nd to~ ted  the n~eessi~y of a oorr~o~io~ f o r  t h e  ezoess frle- 
ti~nal losses so as to obtain v~l~elties in the model oompe~le to 
veloeitles at the eu~ polnt~ in the proto%ppee 

9. C~r .eo~ ien  f ~  e x ~ H  t r i o ~ - - 1  r e e l s + ~ - ~ .  When ~ 

~el~ the radial ~les, whloh w~s not ~::l.oa~ by ~ h~raulEe 
oompu~Sio~s i n  t~ue pro to type c l e l ~ ,  ~ i s  ~ump iz~ the  ~ 0 ~ 1  're.iS 
stable at ~ ma.,~d.~m,~ 4 i s o h a ~ e  of I0.000 N~-feet ~ ez~e-aed 
up to ~be ~ownmtre~ end of the ~ p i e r .  Am the flaw ~ S  ~eereued 

8 
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the Jump m o v e d  do~n~.ths .ohanuel- 
Iso feet downstream fr m 

oo1~reo 

Old&Be 

t h i s "  o o n ~ i t i o n  p r e ~ l e n t ,  i t  :was ~.oonsidered~ a~i~ sable~ t 
e~: model~ f~ ~.:i~he : excess-of~,frictional;i.losses i~to :obtilm ,~the 
Iooitlea.. The tlie~O1~J ' and~-oomputahion to:det~e "the'iin- 
thel model ::slope ~over ~ ~at. in !tl~ ~-pro~type is~~dlsoussed .: .~ 

' ~ a t ~ d i ~ m ,  : 

- friotlon~l 
! ..; as .. in~:, the 

; o  all ow:./for ~ 

correction 
f la t : ,~alot~ 

o~reot- ice2~ i~ 
That m~tho& m 
in.the chute, 

.~e necessary ~ t '  

~, ::increased ..but 
:the error, is very ~smll, ~ ~ 

The. slope.of the. spiral-:chanmel was correeted~i for sxoessi:frie- 
~t-l~al..losses to man,the flow thG 
no o ~,~ecti~.;~s zmde.i~ in the ~. sup 
ourv~.beoause the .: dip: of ~! the. water surface 

~.funntion of: the:.mean'-velooity~ the 'radius, 

for excess friction ~nd,dy~oally,simi'la 
• s tabl is he d, . tes ts ~: were ::made .to i~;dete~ 
at ~ioh the h~d~ullo .~um t .~uld fern in ~ 
~ate, This critloal point~was.found ~o~he 
alent to ll,lSO seoond-feetIn.the prototy_ 
eleTation 8138,07, With ~that stage o£. flow, . ~e ~Jump:~would .not " - 
occur of its own accord, but a-.-sliF~htdistur~Lneewouldlcause.iit:~.to 
form. Ones formed, it would~stabilize at a pointi'.5...to.:lO:'feet 
downstream from .the end of. the pier, buti could be. disru~ed by' 
slight Impels with the hand. Tliis oon~itin~ is:illustrat~d~.in 
figures 6 and 7. 

With flows of greater magnitude, .~the .Jump was vsry.~ stable with 
the front of the roller at the downstream tip of~he ~,a te ,~  as in 
figure 73 .  With a flow of 10,150 second-feet, a sta~m~ wave 
could be formed, as shown in figure 60~ while wi~ flows of/loss 
than i0,000 second-feet, a Jump could not be formed, artificially 
(figure 6D), 

. iii 

~_ :i i~ ~ 

I0 ~. 



the Jump moved da~ the channel and 'finslly:disappea~d at a point};: 
160 feet do~ns~eam frnm ~he.  ~ ~pier, with a flow of 9 , 3 7 0  seoond-fee~e 

./ .- . - 

With this condition pre~lant, it was considered ~dvisabla to 
correct the model for the excess of fricti~al losses to ob~aln: ~ 
correct velocities. The the6ry and computation to determine the in- 
crease of the model slope over that in the p r o ~ o t - ~  is dlsoussed 
later. " . " 

It w~s concluded, from this aswell as other slmilar st~dle8, 
that in models of open ohanuels where the fl~ o~nditi~ 
mined by fric~ion~l losses, a correction should be made 
the excess of frictional resistance. This is. 
in flat slopes, as in the transition in this 
i~oreases, the effect of gravity increases, and it is believed ~hat 
the o~.rection is net as imp~tant~ ,For e=~e in oonstruo~io~,~,the 

the error is very small. 

The slope of the spiral channel was corrected for excess frlo- 
tional losses to make the fl~ t ~ . ~ e r e i n  d ~ z m . m i o a l l y  s i m i ~ r ,  but 
no o~ecti~n.w~s made in the superelevatlon through ~e spir~l 
curve because the dip of the water surface :~n that seotiC~ is 
function of the mean velooity~ the radius, and the fores of ~avitT® 

I0. Flew in transition below gates, with the model corrected , ..... 
for excess friction and dynamloally similar velocity conditi~s ~ ~ 
est~biished, tests were m a d e  t o  dete~ the discharge qua~ti~ ~.~ 

at which the hydraulic Jump ~ul~ form in the transition below the 
~ate. This critical point was fou~ be with a 
a l e n t  to II#I~0 second-feet in t~ proto~Tm and~.~ 
elevation 8138.07. With that stage of flow, the J. ~ 
occur of its own accord, but a sli~ht distn~rbanee would ~ause it to ....... 
form. 0nee formed, it would stabilize at a point 5 to I0 feet 
downstream from the end of the pier, but could be dlsru~ed by 
s!i~ht impetus with the hand. This co~litic~ is illustrated in 
figures 6 and 7. 

With flows of grea~er m~nitudej the Jump w~s ver~j stable with 
the front of ~ roller at the dow~stree~m tip of the gate, as in 
figure ?Be With a flow of 10,180 second-feet, a standing w~ve 
could be formed, as shown in figure 6C, while wi~h flaws of less 
than I0,000 second-feet, a Jump could not be formed srtificie~ly 

i0 



Figure 6. 

A. DISCH~IOE ii,150 SECOND-FEET 
Jb~.P, IF FOR~['ED, IS STABLE 

B. DI SCHKRGE Ii, 300 SEG'OND--~"£S'T 
Jt~IP CA~ NOT BE IC~OVED 

C. DISCHARGE 10plSO SEOO~'~D-FEI~ 
STANDING WAVE CAN EE FO~tVED 

I 

D. DI~GH2~GE 8,6~0 SECOND-F~"f 
J!~,LP C;~, NOT BE FO~IED 
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To insure  ~gainst any p ss~bilx~y of ~:hyd~aulio Jump f ~  ~ : ~  : -  

i~ in the transition, the radius of the vertioal ~lls-on each ~ ::: 
i~ased frum 1,200 ....... 
bot~ ~ oontinu~d 
th~ 0°005 slope the.n, 

ii. 
b~ation ou 
pLr,,cl by r 

These x~lu 

N - 60~ by ....... ~ ,, ~A~u~e wnez.~l, 

- ~ o~ ~ o ~  • 

where q end q are the p~oto%~7 ~ ~nd model d-~ ~ ,  
prototype an~ model hea~s, arv~ L and I, the 
linear dimem~2~ns. 

/L 

The relation ~ :~ 

and t.hs dieoharge 
as large as 17,400 

The v~ri~%i~ of the ooeffiolent of -- 
fish Q - CLHS/2 with %hs :head on the :ores 
8. 

The dimensionless o o e f f  
related to Froude' s mmbe 
number ~s obtained usi~ 

v - : v  2 . ~'~: .... :~ ":i:i:: 

~ ~v - 

g " aooe:U~tlooaue %o m~vi~y 
2he 

~,=~s-J.onAess o o e f f l e l e z ~  i n  "r, eA.~ o f  ~0he Ctiseh~.rp 
o o e f f i c  i e ~ t  m~y a lso  be e ~ e s s e 4  M 

IS 

~U 



F I G U R E  8 

,42 
U') 

W 

.40 

u J ~ .  
2 uJ .38  a a  

.3G 

i' 
: i 

! 
i i 
! I ~o  

, ~ ~ i ¸ 
' .i :.;c. vs'  
: z I 

i ! { , c i 0 F ; ~ ' ~  i 

2O 

tu 
¢L 

0 
t-- 
o 

I 

z 
0 

z 

t , -  
:8 

G 
:¢ 
¢) 
u) 

o 

5.3 

t- 
z 

U,. 

W 
o 

- -  o 3.1 
uJ 

- -  -r 3 . 0  
U 
o~ _.__j, 
m 
o 

I ~ ! i 

i ~ i 

1 ¸̧  i 

I I 1 
L : 4,8.14 FEE 

-[__ 

2 4 6 8 I O  12 14  

H ,  HEAD ON C R E S T  IN F E I [ T  

N O T E  

Q= CLH3/~ : C I . . H ~  

WHERE 

H~HEAD ON THE CREST 

L-  EFFECTIVE CREST LENGTH 
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- - 

and o - C 
m 

Pie~o~mters ~ere installed in the ~rest to ~aeure ~he pres- 
sures with different disohar~es ~p to %he maximum ~for %he:purpose 
of ioeati~ any u~desirable negative pressure~, ~ pressures 
measured are plotted on figure8. Allpressures we~'p0s~ive, 

oond: 
tory 
of diverEenoe , sinoe an ins 
allow the use of a shorter 
spreadin~ ~f the Jet. Visual o b s e r v ~ t t O n s , a n d  ~mmusurements o f  ,~he " i 
water-surfaoe profiles served as o~iterla ~in,:de~;e~ :~he effeot- 
iveness of sash %~'i~10 Th~'iwa' • ~Sho~n 
in figure I0. ~he g r e a t e r  deF s~as ~oo:-  
~wed  to t h ~ t ~  the right:is( 
mpproaoh %o t he  shuts. Tns i~x ~h of ~hs 
d i v e r ~  ohute oou~d have bee~ a e.n~le 
of 8 ° ~2~ without  ma te r i a l ly - : a f f eo . t i n~  the ~:oondttions ~ ~he 
stilli~ pool, - 

is. "~ter-su~faoe pro fi~sinohan~l. Duri~ 
of the tea% - p r o ~ a ~  profiles ~md~seotiuns :~ :the wa 
were measured through the entire with fle~ ' 
of 5,885 and i0,050 ~ee~md-feet, 

FLOW CONDITIONS IN STILLING :POOL AND I8~EAM. BED 

14 .  0riglnal Reel desi~n~im~d :stz~am~.bed. ~he :Slo~ ~ the ~ .... 
origlna/ ~esi~n of %he stillin~ .pOol Was.ho~izonta/at,ole~tion =-. 
8007 and was 66 feet in lengt~ from its ~Junotion~with!the slope.of " 
the shuts. The top of %he side wslls ,ms at elevation8040 and the - 
walls were parallel to the oenter -line of the p0ol and 75 fee% 
spar%. 1?Ae ~ I s ~ e ~ , d o m ~ t a . e a m  tea l~Int~iSfeet-upstream : 
from the .end :of the floor. No sills or o t h e r  app~m~te~es.were 
inoludo~. 

The orisinal design (figure 12A)~,Ls duplio&te~1 in ~he model 
but  wi th  the r i l n ~ p  .1~tte~. When ~the model was ~operated, :i% ~:! 
was round that the I I/2,1 s l o p e s  i n  t l ~  8a~-bed were not ~mt~le. 
The material in ~ slopes washed into the-oenter of the pool in a 
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In 'the 
aprons and ~ s 
tions which 
G, ~nd 15B a 
figure 16, 

do~stream"from. %he .&pron, ":~ The s-,.wore'.temporarily - 
• stablllzed~:byr~,:~e use ofwooden . ~c~n.in flg~es:~:i2B~ -~ . 

Cons eoutive .15-minute..' runs were: m~de ~.~to determine~ the :.total - 
length of :time necessary to: obtain a~/stabilized ,condition. "A 
period of ~5.minutes, was de.terminedi:~s~,satlsfaotory,, and, subsequent " .ii~ i 
8oo~r t~ 

D~ 
held in 
OX'OS S-B, 

b e o s a ~  
~eoessl~3 

mode l  w i t h a ~  A~low-: of~ lO;O00:~seeon~,fee~:lras~eIevmtic~'80$2~O 
.~hereas %he .expeo%ed~ telIv 
ima~ely:elevation 8028',0 '~ ( 

3 

i.~i: : :~:.~ 
These experiments 

tained with, no'~ step~ or 
~s-~cnly:scoured an a~ae . . . . . . . . . .  a 

bottom roller. ' As had:been ~determined,~ in ~similarmode 
denta~d step at . the~ 
the: pool: was-~very~: elf ~sise, 

The. dentated ste __ . . . .  am~ll • " 
Jets stud oauses ~' ~.he=' t o~ ; im~ inge  oni~':t.>;ei:sdr£soe~roller of:.:i~%he " .il 
hydraulic jump~in the -!In. ~. ~:~.~ 
addition, there is:a oer~Lin, amoun~..~.loss ofenergyby, the im- 
pingemsnt of the ~ Jet~ from ~e eleva%ion.~against ~%hose. of~::ths " 
lower elev~tlon, 

In%his serles'.of ;tests i~e~bee% posltlonifon: a?8 lll~.w~s 
found to be. 46~'£eet dcwns~eam from .~e iJunctien of .the : ehu~e ::and 
%he.peol, Theleast~eeour in.%herlwer~bed.~and, tPel..leaat.dls-. 
%ur, banoe- in the pool~ oeourredwhen:ueimg~::either a" Rehbcck mill 
~-,8 feet high ~DI) era trlan6ular~aili:~2~5feet hi~hi...wlth .~.~ 
v e r t i o ~ l  f a o e  . d o ~ m ~  ( B I )  • ~ ' ~ P ~ h b o o k  ~ s i l l  w e u l d : . h a v e  :been 
preferable, because, of its bet%st., ao%lon,, for-the ".X~r ran~e ..o~ 
tal l ~ n ~ r ,  
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Figure 13. 
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teeth was more effeotive in dissipating the stream of wa~er flo~in~ 
over it. 

" Dur ing  the oourse of  this series of t e s t s ,  sills D I , " D I ,  . - 
D2, D2o , and DS were t r i e d  a t  po in t s  4 5 ,  7 7 , 5 ,  end 80 f e e t  d~m~ 
stream from ~ ~unotinn of the .slope with the f l o o r  of~he poo~ 

With the tail~ater at ~levati~n 8028.0 and ~.he sill st ~he 
45-foo~ point, t h e  b e s t  pool s o , i o n  a n d I e a s t  :soo~r was obta ined  w i t h  
the 5,0 foo t  oombination Rehbook sill (IO-ML-II~ figure 18) al%hough 
the results usi~ the 2o6-foo% sill ~(10-MIPg, finite 18)~l~ oo~- 
parable and p r a o t i e ~ l l ~  u good. With the sill at the lares polnt 
a~d the railroader i¢~ered to elevation 8025,0, t~e beet p~l a o t i ~ a  
was shown using the 5.$-. focrt  oombi~sA~on Rehbook sill"(lO,,M5-2, 
figure 19), while the least scour  ~ u  ob~alned ua~ elther ~hsl Dlo 
or D3 sill (10~ or 12), so that for all-toured ~s~t~as ~he fo~r 
was preferable. When %hat sill ~ s ' m o v e d  ,out ~ ~ , ~ e  80-f~ point 
(IO-ML-3), ~e scour was materially inoreased and the J~ failed te 
f~'m satiaSao~rily within the stillln~ basin. 

Thus far in the ~est~ a rater eoeJvse material (ourv~ i, ~iEure 
20) has been used to rel~eaent the stmes~ bed. This ~terial bad been 
used only as a basis of oomparlson wl~ 
Froto~pe mterlale A fimr material 

a r e f i m m m %  o f  a~ in the earlier ~ e s t s .  As t h e  poo l  was improved, 
th~ design was finally reached where r li~le ~osi¢~ WaS shown in the 
p a r t i c u l a r  m a t e r i a l  in  use .  A~ i~hat p o i n t  a f i ~ r  m a t e r i a l  (oU~ve 2 ,  
figure 20)was substitu~ 

arran~emsnt of a p r ~  
be satlsfao~. The re f 
the tai~ i~dleated 
satisfaoto,~y conditions 
less then elevation 8028.0. ~ I not in- 
orease its effeotiveness, " . ;  

17. De  h of oo l  seeo.  poe! ib iZ l  o f  in -  
oreasin~ the erfeotiveness of t~ etillin¢ pool was to lower t~ 
floor so as to increase the depth of tailwater in~whiOh ~ha Jtump 
oould form~ ~ e  oci~inal m o t a n g u l a r  pool was Installed with the 
floor lowered to e l e v a t i o n  8 0 0 7 , 0 .  T h e  effeotlveness o¢ ~the d e ~ t e d  
s~ep was s l i g h t l y  i n  o~.ased by r e d u e i ~  the  wid th  of bo th  ~he ~ee~h 
and ~h9 apaoi~ (09, f~gu~ 16). A eombi~Ion sill, D~_, :was used 
s IAr to Prel L ry made uein  wooden fi es in 
~ a i l r a o e  ind iSa ted  minimum soour in '~he r i v e r  b e d  innmdtate~v dow~ 
s~ream from the apron .  ~P~ f i n e r  m~r~l . (o~ 've 2~ fi~ 20) az~ 
a vitiation of the tailwater from elevation 8025.0 to 8028.0 was 
used in these teet~. 

D. 
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18. S tabili~j of stream bed. Sinoe a more c~ less absolute 
value had his time been obtained i ~ t h e  scour ~in the river bed, 
the wooden ~Ades were removed so that the s~ability of the:~side 
slopes mxght be studied during a flood. Tests we~ made usin~ 
slopes of I-i/2.1, 2,1, and 3 ,1  covered with~riprap ao~ordln~ to 
curve 4, figure 20. " ' .'. - 

With the 1-1/2.1 slope there was .very little scour ~in thelbottom 
of the river bed for r~nges of ~ai~vater from~8020,O:...to~:8025.0-bu% 
the side whirls ~t the end of t" . . . . .  ~rial 
in the bank on the lef% side. ,-2el, 
the whirl was eliminated and no _ ih e 
slope to S~I. The results of tests made using .the 2ll i~siopes~az.e 
shown in figure 21. 

: .L 

seot-J.on of  ~;1~ sloping ehu~e an~ the pool. f l o o r ,  
rIprapped poolwe~e plaoed on a 2~lsl 
75 fee% dov~stream from the end of ~ 
bed, with ~his arrangement, is shown ~ ~he=minim~am 
reoommsnded ~ailwater is elevatlon 8023.0. 

2o. Fi 1  slg. os the s iln:g  l  
whioh was finaily adop~d, the pool floor :was~plaoed~ at elevati~ ~ 
8005.0.instead of elevation 8002.0, as reoo~led, =This ::oha~e 
was m~ae rot s~ruo~ural reasons. With the :pool floor at,elevati~ 
8005.0, the minimum satisfactory tailwater will be:elevation 8026,0 
or ~ 2-foot range below %he expeoted tail~era~ elevatic~ 8028.0 
for a maximum disoharge of i0,000 seeond,feeto " :/i,.: . i! i .i,'. " 

In. the final adopted ~sign the slope ~in the :transition below 
~e gates was slightly inoreased (figure ~25):so as 
posslbili~y of en h~raulio Jump forming in the~ sect 
in%erfere w i t h  the o ~ ' ~ " 3 x L l e . u o e e  o n  ~-~e ~ t a l ~ a t e e .  ~o change 
~s made in the flaring ohute, as s~gges~ed :in the ntudies on ~hat 
sub Jeer. 

 21. s aie_s of. b p l. A series of tests ,made 
de,ermine ~e desirabili~ of using s pool of ~he bueket t~e, par- 
%ioularly to ha~le the Possible lares range of  %ail~er. B~okets 
wi~h radii c~ I0, lS, and 20 feet were tried at elevations 7987e0, 
7898.2, a~d 7985.5, respeotlvely, (figure 26), The results are 
shown c~ figures 27 and 28. 
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Figure 27 

A. TAIL,ATEB EIS~VATI0~ 80Z5.0 B. TAILeATER ELEVATIOM 80~2.0 
BUC"EET RADIUS 20 FEET. INVERT ELEVATI01~ 799~.60. POOL Lm4C, TH 90 FEET 

Z. TAIL,.AT~ ELEVATI01, 8GAS.0 D. TAIL.ATE~ ELEV,~TIOB 803:'.0 
BUU~L~'T I~DIU3 15 F,ChT. TNI/'~--~T ELEVATION 7988.25. POOL ~TH90 FEET 
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s i d e r a b l y  d ~  

wise considq B ' ,:~ 
when the wmter surface in the float:chambers, ~respeO~i.velM,~ .rises 
o r  fz!le a quarter of the float l w ~ - ~  

It my, therefore, be seen % 
mov~en~ of water surfaoe in t~ 
to the float chambers 
It must first fl~ eve 
into the float chamber 
the reservoir, and is ~zero when elevation of t ~ , , ~ t o r - : i o r : , t h e ~ , s ~  ~ -  - 

as. o r  loss than, elevatic~of . . t he  . w e i r .  , " , ;  . , 

Drains or bleeders in the ,bo%tom~og"~hs 91oat.oham~er s ,pormi.t ia 
oontlnuous dlschar~e from %he chambers ~when ~hey ~contaln i;w~tsz. ?~n ~i ' i~ 
the reservoir elevation is ~le s~ ,as the ~elevatic~ ~,of.wdir,orest 
no winter is admlt~ed to-th . . . .  ~Ltn 
the float ehambers! hence 
elevation of reservoir is 
bleeder discharge wi~h flo , . . . .  

completely. For reservoir 
the ga~ will be main%aimed : i n  any intermediate ;:posit%ion ho~diug?i%he : :~ 

reservoir level o o n s t a r ~ .  : ? : .  - 

2S. Theory of gate c~tTo!~ it is 
tion c£ the gate for shy given flood, Ir~ 

(I) Coefficients of gate disaharge ,~ 

(2) .~iotion of the gate system o a r i ~ , b  

(S) Baakwater on the bleeder outlet:is 
o ~ n i ~ s .  _L: I " 

The two diCfer~ntial equations ccntrollin~ the system are: 

(i) qdt-%dt÷   

(2) %d -%at+Ar 
t " 

wherein, 

Qi " discharse into reservoir - F 1 (%) 

= diaohar~e through gates .-F 2 (x, y) 

y = elevation of reservoir = FS (t) 

i C 

44 



x ,, r,a~e o p e n i ~  a l s o  hei~h~ 
o f  w a ~ r  i n  f l o a ~  
ohamber,s ('0 

A~ = ~re~ or ro.ervoi~ = " ~ s  ( ~ )  : 

= d t s o ~ r g e  over ~- = ~S ~:(Y) 

- disohawES ~ u ' o u ~ ; h ~ b l m ~ r s  , ,!la?,~(x) 

A£ = area o f  £ 1 o a t  ohmaber8 :=~F8 (x ) : ' : i  

di~fere~L~i  a l  e~p~a~i(ms. 
~ t '  F S '  F6'  F? .  a n d  :PS a~ 

ions are a~ar.ms~! ~nd :F3 snd..F 4 ~awo :,o ~ e d .  

Zn genewal:.~he prc~ossls ~xM.io 
~ust be  made f o r  ohanges in-dla.ee~o 
desi~'ed a o ~ u v a ~  m y : b e  o b t a i n e d  :by 
a ~ s ~ r  w i l l  b e  no ' b e t ~ e r ! t h a u % b e  a s  

Z~ 
o~the 
disehar 
seoond~. 
fee',: wh 

wu ~, m& 
and a~ 
on .be~:h 
~loat o] 

bloec~n. 

ahc~ the , ga~e. ~ P , ~ o )  • . " . ::, 

- • '~ ::~ i ̧̧̧ onii~ ~.~ ~ 1~a.in~ f ~ s ~ ;  ru~s s ~ , ~ g ~ l  ~ s i  . . . . . .  

s o w w h a ~  , n o t s  .the s e o o n d  ~ ~ime~ 
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Figure 3So 

D ~ ~  VIEW OF C~AT~ MODEL. 



The fomshay fn~ the ~%e, whioh was %he .rmtlmg flum~ of %he 
laboratory, was 8 feet wide "and. 140 
t~are feet in ar~ Xf the fore~ 
ms would have been 11@, 080 squar~ ~e 
peroent ~ its 8o~lod 81~ee ,To impr~ this eondltlon, suoh ,%hat 
%he ~at:e ~ould o ~ % e  more nearl~v li~ %he p r o ~ y p e ,  i,a shield 
wi~h a v e ~ i o a l  sl~ in the ee~ter 
sC~e~ from %1~ ~e as sho~n in f~ 
%audi~ f rom top t o  h o ~ t ~  o f  ~he | i d~h  
~f the ~a~e see~ion, With ~his a ~ ~ n %  ~e off co%lye fo~eb~7 
was ~4 ~.ss l~rEer , o r  abou~ I/4~h ~he 8oaled si~ee Th~a ~sul~d 
in a scale ra~io of 1,12 for the au~%le ,pa,r"cs . o f  the Ea~ :suoh 
as in%a/~, weirs, floats, float chambers, a~d bleed,or  ~%em. :The 
foreb~y was, however, ~o a seals of lJ~. This al%era~ion affeo~ed 
~he ae~Isn of the ~a~e in ohangin~ the elsvat~l~n of reservoir with 
r ~ a l ~ o t  to  the w e i r  o r e a t ,  and i n  o h a n ~ i ~  ~he smount of b a e k ~ s ~  
over ~he bleeder outlet. Without the shield, ~he wa~er su~faoe 
in the fc~eba~ fluctuated greatly wi~h ga~e m~e :mn t .  With the 
shield in plaoe %he~ d ~ n  around !~ ::~s~-.bo~i~s ~%he ~8a~ order 
of magnitude as in ~he /:a"o"~t"y~, lack of +~ulkwa~or: ewe~ :%be 
bleeder r~sulted in somewhat greater bleeder disc~mr~ee, bu~ i%his 
could be remedied by ~rottllng the v~l~e on tl~ endof the bleeder 
pipe, 

Ideal operation of an automatic would require that ~%e 
discharge e~al inflow intD the reservoir at all times. ~!This would 
maintain the rlservoir at one elevation. In aotua 
ga~e opening is a funo~ion of reservoir elevation 
reservoir water su~faoe ~As% then rise above ~he ~Ir~o~est" to opan 
the gate. Theoretically, ths gate " for 
any ~rbi~ar~- rise in reservoir by ~e:w~ir 
and bleeder outlets. It wo~Id be 
on a ~ry small ohan~ in reservoir elevation, 
water up in the downstream end of the resezvo 
to open, when actually the average elevation .~ 
not changed, 
th~ Sates. 

In gate operation it is imporSa~t that waves not open 

In t h e  model operation wa~er wa~ i n t r o d u o e d  i n t o  t h e  upstream 
end of the forebay at a oonstant rate. Behavior of the gate was 5hen 
observed as it,, adjusted itself to %he inf-l~e ~hs inflow ~ then - - 
ohan~ed and subsequen~ adjustments of ~e f~;S.to ob~e ryod .  With the 
shield in place the c~iginal design ope~ed satisfactorily wren 
there ~re no .waves .On %he fo~bs~i. With w~v~s on ~,he fo~ebay i ~ e  
discharge ~v~r the sk~g weir in the in~e box was muoh E/eater. 
Henoe the ~te overt~avelled and the reservoir level was d~awn down 
bel~ the level at whioh it should have been oont~olled. It was 
thsrefo:.e neoessary to apply damping between the reservoir and %h~ 
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Figure 34. 

UPST. P~-~A~i r. VIEW CF GATE MODEL WITH SHIELD I~ P-ACE. 



Fig'are 35. 
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the J u ~ ' ~  o£' ~ ~ 6,,.inoh bleedoz 8-1nob o~'~- " 
l o t  p ipe  was ~ ~ ,  A ~lea~,oh ~ t:]1 ,,~o'ld.an ~ 

INnlos shOwod t h a t  I t  oould be ~ frc 0 V82 , w h o r o  

Y O ~oproeente the m~n ~ s l e o t ~  ~n . ~  outle~ l:,~.po, Ooe~L~tont 
om"~a ob'~.~ed fr~n "the ~ e l  are S h ~  i n  d ~ s t o n l e e s  ~mph8 

OOMP~ATION FOR ~DISPGRTIO~B FRIC T~O~L R E S X S T ~  IN 
OI~N C~.~iEL RY~J~ULIC M~I~L8 

280 I~..eo.~,mi4~'y: .£'Qr om,,2,oo'h~,On, ~uXio ~ O l S  am o ~ -  
s~ruo~ed for  q:h, purpou of' sn~iolp~In~ on:a mmll:'nealo the 
ope~5.n~ &~aram'qmr'],m.'l~,2~e of proposed I . ~  moalo 5 J ~ . ~ = x s .  
~he J ~ ~  f ~ e ~ m l ~  so~Sh~ tnoludeo .8U~ da~a r o l a t ~ w  ~o ~h~ 
~,*edm'A~'po as  depth  ~ 'wa'borl Xooa'1~on ¢ s i N ,  e~d por'£od~.o£t"~, of  
~ 8 j  w ~ m i ~ e s l  and 1~sum*os. ~ n  p.~sx.~ pur 'p~o ~ , .  ~d te l  
is ~ p a ~ r ~ o  a m s n 8  of p z , , e d £ o ' ~  aoom'a~o~17 those p a - o ~ o ~  

In ~!~ usual S l ~ l l ~ y  modol, i~ i~ doaS~d. ~ :'the f ' lo f  sha l l  

poelr~blo. ThO t~J, mr 1/nee ohou ld  ~ 1 ~  ~ a o ~ r ~  
nndel ~nd l~o~Q~pe so ~hat tho depot: ~ f~m 

po,L~ten o~ tan l ~ u ~  ~ ,rid o , b e r  s~nndJ~ r e ,  e8 u 1 ,11 u 
t ~  h F d ~ o e ~  l~*Hu~o~ and ~ l n ~ £ o a  o ~ h e  ~ro~*7~e oan bo 

~ u ~ d .  flush semmt~Lo~ au:l,u:Ll,ar:t,~ L ~ e 8  Ji~q~e ,oe£e 

~ ~  ~ u e ~ u ~  ,rod, f l a t  shoul4  boant~Loip**~d t n  tho  m d e l .  

-In pr'ao'a~,oal :k.b~l*a'l~'T.modol e~u~s'ira, e'Id.on~ ~ '11; :bl rels'1:i'v'eXy 

w a l l  ~mq:~=aoa0e .~ wa i l  "b~x-tmro.:l.e o ~ n n ~ d ~ L  ~J  a ~omnavtr'],eal 
p r ~ l m : ~ ,  ~ e  foroe8 e:io~ur, t r ~  t ~ j  ~PT~'im ~ g~ ,~ l .~  Ln~ot~ 

i n  aooordszne wt~'~h Freu4o r e l a ~ t m S h ~ p i  v" = ocn8~+ , ,  Hcwewr~ 

~ e  ~'m,w~u u'£B2,¢q~ :LP~e'on~ ~ho ruLeUmae of  ~ "v:'.'.Lsooua~ f ' r ~ c m  

e ~ I F ~  . ~ : ~ n  ~mo a o o o u ~  48 ~ n ~ o ~  ~ 8  d tso~epmo~,  ~ e  
LeLw ~ ~  4~ ~:o no401 :eo.mm~ bo said ~ . s ~ e ~ e  
~hoee c~ ~ p~o~otT~e. 

I n  a e ~ ) ~ , y  nod61, ~ e  y '~oc~" ~ c ~ e s  m y  be in~uenoe4  
b y  ~h~ e.ts" r e s ~ s t a n o o  a t  ~ e  ma~Faoe~ ~ho w a l l  r~aL~mmoe wh~oh 

k . 
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is affected by ~le texture of the wall, and the viscosity of the 
fluid v~ulch is affected by the temperature and constituency.l,2 

IHydraulic Models, Manuals of Engineering Practice, No. 25, American 
Society of Civil Engineers, pc 9, 

2Qussell George A., H draulics. 5th edition, 1941, pp'91 to 99. 

The resistance of the air, on the other hand, is tAought robe 
very different in the model from t~mt im the proto~, l~dications 
are t}mt because of the lower model velocities, air resistanceln 
the models is considerably less than the approprlal 
tends to produce higher velocities at the bottom of 
spillways t~n would be in accord with consistent similitude re- 
lations. Directly opposed to this influence is that of wall resis~- 
shoe, which in the model Is usually kigher than appropriate, and 
~lich, therefore, tends to produce lower than consistent p0ol 
velooities. 

Of the two factors, air resistemce, and wall resistance, 
which do not v~ry properly with the geometric scale, only the wall 
resistance is subject to even approximate analysis in open chaunel 
work by present methods. Whether compensation for the~one factor 
is advisable in view of the inadequate information oonoernin~ the 
efCeots of the others is a matter of much discussion. 

An examination of figure 38B will show that it ir impossible to 
have Geometrically similar fl~ in model and proto~p~ even if: a 
correotic~ is applied by m0difyin~ the slope. Suppose it he section 
of prototype channel 0ABC is rotated dc~nnrd about the point 0 
tO ~ tne position ODEF. Then 0ABC = ODEF, and OA- OD, 
two depths are converted into pressure head PI~_~ Plm but when. Likewlsthee, 

T I~ 

the depths CB - FE at section 2 are equal, but ~ the pressure heads 
which acoc~din~ to convention are represented vertically are dif- 
ferent. The ~r~ater the original slope of the channel and the 
larger the correction slope in the model, hhe greater will be the 
deviation in the t~vo pressure heads at section 2o Another error, 
which though small and usually neglected in mild slopes, is the 
slant length of reach L s. It w~uld appear that to be correct, 
section 2 should be moved upet~eam to seoti~ 2Afor the model 
(figure 38B). Ordinarily, this refinement is not ~ecessary. 

r In the case of steep slopes - 0.5 or ~reater - variables m~ter 
the problem w}dch are net so readily understood. There is no proof, 
for instance, that the channel friction continues to be pro~xr- 
tienal to t1~ square of the veloci~o Aoccrdi~ to Harris, ~ "It is 

~Harris C.W. "~ ulios, John Wiley and Sons, p. 114 

quite possible, in open channels, for ~,~ friction head to increase 
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Refer~ ~ ,figure 40 with the ratio ~. ~.. 2 . 0  .or 

~m = 2.0 ~ ~xl f =  t1~ ~, r=~ io  I 0 , ~  = '2,S Sp 

and p d e s i g ~ e  model end p r o t o t y p e ,  :respeot-£vo3~, . ~ .  

amount that~hefloorlof the  model  :msi 
oate depth~ and veloeitiea" in b p r ' o ~ o ~  is :.t 

length of reach L (figuz~ ~ ,  
sh~n in table 2 .  C o l u :  

v~lu~s whioh were o b t a i n e d  £, 
s ~ t t e ,  ~he method u s e d  i n  ob 
ehan~e l  £1ocr  by r e a o h e s  i u  • 

~e values in  oolum~ ,8~ 
am r a t i o s  s h o r n  i ~  t ~ b l e  2 ~ m u m  

oolu~ 9 oo~st~tu~e the ~roduot o~ t 
6 and 8. V~lues listed in column I0 
~the model ,expressed in ter~s of the 
the pr~duot  of the ~ u s s  i n  eol~m~s 
loss in ~e m~lel, oa~sed by the faot that ~hsl surfaoe~rou~s8-i.,~ 
model and prototype are no~ to semis, is o b t a i n e d f r m n  ~ diffe~nee 
between the ~lues in oolumns i0 e~d ? end-these differenees'are .'~ . ~ 
lis~ed ~noolusm ii. Column 12 is self-exl 
in oolum~ I~ relresent t ~  oorreoted~~irop~i~f 
domm~rd from ~he o~est) for ~he  va~i,ous~s~ 
s t i ~ ; o  t h e  sum of the respective ve~ues,".~ 
t h e s e  v a l ~ o s  a n d  . t h ~  stati . . . .  
14 ~el~-ese~s ~e drop i n  
o o l u ~  15 gives .the .eonveo 

m n o ~ t  o f  o o r r e o t i o n  ~ 
o c ~ r t e d  4,~ ~ s  manner 

; t t  

2 

~ d  ~ a p o i n t  ~ e  end t h e  d i s ~ r ~ o  was  ~ a s ~ r e d  over  ~ o  l a b m ' s - "  ' 
tm-y V - n ~ c h  w ~ i r .  A o o ~ r i s o n  of the meuurod model v e l o e i t i e s  . 
( e x 1 ~ s s e d  in  p ~ y p e ) w i t h  the oomputed-~o~otT~e ve lo@i t les  
i s  , s h o w n  f o r  a n u m b e r  o f  s o e t i c ~ s  i n  ~ a b l e  3 0  . . . .  • . . . .  
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.~ltiooi~tem obAmt~od +e/'+t;or ii~h+e ,~+ooz+Poa~.On !warn m 

f~'o:: ~ho ~s,~Ruramw:d;o o f  'tl'm 
~r'ot o~-pe ~yeloo:L~, 

d.t.e ouo ~ d t  He:el,rig 
from l o w - q l o e t t ~ r  ~( 
"mlooL~, data oam t 
ablo,~and ~ t a t  .bo ~ua 
d t g o u a l d  In"l;h:L8 ~l, uo~o.on, 
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