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Denver. Colorado, IZay 12, 1933 

~MOR~'D~! TO CHI~ ~ESIG]~!~TO ~GII~, 

By E.W. Lane. Research Engineer 

Subject : }~vdraulic F:odel Exporimentsl for the Dssic~ of the Hoover 

Dam - Book 2- Results of Visual Tests on Semifinal and 

Final Designs. 

The exper~mnts upon the first model itypes, and particu- 

larly the results obtained upon the firsl modelconstructed at the 

~Iontrose laboratory, showedthatunusualcare would benecessary 

if a spillway was to be devq satisfactory, not 

only in the action in the spillway channel butalso in the tunnels 

leading from the spillway proper beck to th~ river. 

J 
Since no terY satisfactory type wus evolved by the tests 

on the first 1:20 and l:lO0 models 

by the addition to them of varlous 

was installed at the Colorado Agzic 

icd the pertinent results of the 

els. The principal difference betv, 

constructed, and the first Montroso 
6 

of the channel botto1~ in the new model was flatter, in order that 

the depth of Water in it would be greater and the turbulenoe thQre, 

fore reduced. 
@ 
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=~rum. Gate Side C =hannol 5~illway ~odel C -A. 

The prototype of the C-4 model is shown on Figure 15. 

The model gas buil~ on a scale of 1:60 or 1 ~ inch on the~model equal 

to 5 feet on the prototype, feet 

long, and a side channel trc the 

upper end and g5 feet at the lower end. The croat and side zchannel 

were constructed of wooden frames covered ~ith galvunized iron. In 

the first tests the model dld~not have movable gates, the solid crest 

being shaped to represent the condltion with the drum gates !do~Tn° 

Gates ~Thich could be regulated were added later. The transition 

frum the trapezoidal channel to the~'circular GO-foot diameter tunnel 

was made by running laths between accu 

end plastering over them with e mixtur 

lime end sand. The told of the transition was left off for some 

distance in order %hat the fl cbe, Unfor- 

letti weir, previously described. The the 

laboratory ~as practically the same as shown 

on Figure 4. The height of the model crest was sufficient to sub- 

merge the measuring weir at high discharges, end an extensive se- 

ries of volumetric measurements were made to accurately calibrate 

the measuring weir~under this submerged condition. The maximum 



J discharge over the model~iwas about ?~2 second-feet and the corres -~ 

ponding depth on the model crest about 5 inches, the 
D 

model crest was observed by means of float gages :;~previously 

described. I~ ~ 

In the tests made upon this model, except~in a few in- 

stances which will be noted, no major changes were ~de in the 

shape of e~ther side of it ~ , he channel or in their position with re- 

spect to each Other-' The principal changes were made in the tran- 

sition frQm the trapezoidal channel t6 ~tunnel section, usually 

spoken of as the Wtran~ w in the additlon of b~ffles, and in 

the presence or absence of the model topography of the hillside. 

The main object of the experiments was to develop a de- 

sign which would allow the water to flow down ~the tunnel as s~ooth- 

ly as possible without comp 

large number of tests was a 

of Various devices on the f increase 

the size of this report, the detail~:i ~thes '~ ~ 

not presented in it, but e copy ~ ~a sketch of each 

with the office file coplQs of thisreport. 

Considerable quantitative data was also observed on this 

model. Cross sections of the flow in the channel were observed 

for a large number of conditions. A number of observations were 

made ~ the transition on the clep~h of flow. Determlnations were 

3 
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also made of the dlecharge coefficlents of the bgee crest forms 

used and of the flow over t h e  crest gates at various positions, 

The results of these quantitative observations are discussed in 

later sections of this report deali~ with these particular fea- 

tures of spillway design. 

. 

Results.. of the Tests o~. :the _C-4 Model " 

The condition,l in the orisinal design of,the C'4 drum 

gate spillway is shown on Plate 5~. These show that the water en- 

terlng the ~tunmel was much higher against the• re~ wet1, which 1 
C 

0 

caused a transverse 1~low in the upper end of the tunnel and produced 

u~deslrably rough conditions of flow down the inclined sh~ 
U 

similar transverse flow action iswell shown on Platei57. Itwas 

believed that by blocking off the downstream 60 feet of the spi11- 

way crest this conditlcm would be Im~rove~. iThis was tried, and 

the reduction in 

at the upper end 

directly into tho channel along its axis, The re 

periment indicated that ~ifa space of 60 feet was 

end of spillway section and the entrance 

transition it would allow the difference 

sides of tl~ ehannol to equalize upstream 

e l i m i n a t e  t he  c r o s s  f low a t  the  t u n n e l  e n t r a a ~ e  which would 

i n  much b e t t e r  c o n d i t i o n s  o f  f l o w d e ~  t h e  t u n n e l .  

he 

-- --d 

!~ i ¸ . 



P L A T E  =;3 

A-MODEL WITH TRANSITION NO. 
B-DISCHARGE 80,000 SEC. FT. 

C-DISCHARGE 160,000 5EC. FT 
D-DI3CHARGE 200,000 SEC. FT 

ORIGINAL DESIGN OF DRUM GATE SPILLWAY MODEL C - 4  
T R A N S I T I O N  NO.I  



P L A T E  5 4  

A-MODEL WITH TRANSITION NO. IA B-DISCHARGE 80,000 SEC. FT 

C-DISCHARGE 160,000 5EC F'T D - D I 3 C H A R G E  200,000 SEC FT 

DRUM G A T E  S P I L L W A Y  M O D E L  C - 4  
W I T H  60  FT. C H A N N E L  E X T E N S I O N - T R A N S I T I O N  NO. IA  
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P L A T E  5 7  

[.qSC'~Z.~C,L 12G.O00 SEC FT [3-DISCHARGE 160.000 SEE F"T 

C-DfSCHARGE 200.000 SEC F'T 
D-DISCHARGE 200.000 SEE. FT. 

LOOKING 0OWN THE TUNNEL 

DRUM GATE SPILLWAY MODEL C - 4  T R A N S I T I O N  NO. 2 



Channel Extenslon of 60 Feet 
. 

relatively level bottom, inserted between the end of the spillway 

section and the trmsition, as sho;m in Fi~. l& and Plate 54, The 

improvmnents resultln', fro~l the addition I of the 60-foot section 

may be seen from a comparison of the views on Platcs!54 and 53. 

The elongated transition also caused a greater depth of the water 

throuzhout the chain,el, and resulted in a s~noother flow of the wa- 

ter all ~long the channel and as it entered the sloping Section of 

the transition. This greater depth of water in the channel was not 

sufficient to reduce the coefficient of discharge by creating ~oo 

great a suhn4rgence of the crest at the upper end. 

Cross.Weirs ~of Various Hei~hts 

The extension of the c.hannel section bole 

• ~ inves- dcnth of the wa~or in the " " ..... 

tiga~ion was ~n'!c o~tho flow conditions 

by causing still greater ~epth of channul flow by moans ella Weir 

across the ch,~-.ul attho lower o~d. A sot of e~cocr~nents was tried 

with weirs of IL, 2iJ and 30-foot hoisht at the end of the 60-foot 

extension in the c!~.arunul. 'gheso t~sts indicated that the flow con- 

5 
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dltions improved as thc weir increased in height, as shown on Plato 

55. 

Offsot in Channel..~.re_ll on Crest Side ..... -:::!:,.:.::~:~:~!::=~o..~= 

For all conditions of flow in the spillway, :~part::::~bf :the 

channel opposite the ogoo crest was taken up 

over the crest which had a very small component of ~low ~ in,~,~ho di- ~: 

roction of the channel. The space occupied by ~he iWator ":flowing 

along the channel was therefore practically that between the rear 

wall and the outer face of this nap~ ~ir. At downs 

stream end of the ogee section the effective channel area suddenly 

increased to ~ho full width of: the channel, mo 

nappe there to reduce the section. This abr ~aused 

a whirl on the crest side of the Channel where it loccurred and a 

cross movement of th® water frum :the opposite side of the channel 

took place as the water adJusted.itsolf :tO"the :: 

Both of these actions resulted in ~undeslrable c, 

down the tunne1~ 

In order to 0ffsot~..-as con- 

structed on the weir side of~tho transitiol 

the ogee section {Plate 56-A), whichtendod to make the side of 

OW 

this portion of the :channel more nearly a continuation:of the ef- 

fectlve side of the c ,hann~l upstream frc, n it; i. e., the upper 

face Of the nappo from the ogee ~eir. This offset also had the 



\ 

l 

effect of reducing the channel section in the transition and thus 

producing a greater depth of flow~ in the ~channol 

effects acted together to Improve the~nature of 

IP  es 56 , nd  7-DI and in the tr ition 

T r a n s i t i a u .  N o ,  2 • 

This action was further tested by .the ~construction of 

transition No. 2 (Figure 15) which fncorporated/a 15.3-fo0- 

set on the crest side stud a cross weir ,with ~crest ~at ~E1. ~I125 at 

the entrance to the trsmsition. This~caused an 

flow entering of Plate 

5? with Plate ........... tup,i ,al- 

thoue~l fairly smooth, was le'ss desirable than was secured,ln the 

final design, as it filled extent. • 

By raising or loi -. !' ~ I~'~ 

keeping the rearwall of~the tran~iitlon iLul l i :  

of the channel, tP~ h~ 

at the same t~c the offset en the ii~est iside 

increasing as the cross 3ed, ~ An offset of l0 
J'~ i' ." .... 

feet was fottud to give thc best~.~co~dli'~s~:and a greater a~ta~ce 

was found to be detrimental, transition was raise~ t o  

sufficient height to produce a crossweir, of enough~ height ~o give 

.the best conditions in the channel, however, the.offset proclueed 

was too large. 

7 
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T ~ s n s l t i o n s  Nos.  3 a n d  ,3A .. 

T r a n s i t i o n  ,,'~!o. ,2 d i d  n o t  i n c l u d e  t h e  6 0 - f o o t ,  l e n ~ h  b e -  

r g e n  t h e  o ~ e  c r e s t  a n d  t h e  b e g i n n i n g  o f  t h e  s t e o p  , s e c t i o n ,  and  

the lack of it was evident in the results obtained. In order to 

incorporate all the points tending towed good iresults ~had 

been discovered in the 1~rovious tests, ,No. 5, 

was built which included the 60-foot extension, the 10-foot offset 

at the end of the egos crest and a cross weir~43 ~eet 

crest at El. I145. 'LI 

The dimensions of the ~rototype of this ~tramsition are 

given in Fig. 16. Plate 59 shows the mo~el and the condltions of 

flow. This form of transltiom gave exceptionally smooth flow into 

the tunnel at the ruax~num discharge. However, at this discharge it 

backed the water up in the channel causing sufficient submergence 

of the crest to reduce the spillway capacity. This transitlom (No. 3) 

with minor changes was incorporate 

In trausitien Nc 

61, the No. 3 transition was lower 

entrance at elevation ll40, which 

cres~ and increased the discharge ,e spill- 

way channel and transition, however, wore not as favorable aS ~ith 

transition No. 3. ~j~ 

Transition i~o. 3-C, shown by Fig. 18+ was made from tram- 

mition No. 3 by adding a level section of channel bottom at El. lll0 

8 
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P L A T E  5 9  

A -MODEL WI'~H f r~t iS lTh, . ) t ,  j ;40 3 
B - D I S C H A R G E  B0.O00 SlrC PT 

D R U M  G A T E  , S P I L L W A Y  M O D E L  C - 4  W I T H  T#AN..%iTic,,; ' ,4 ,,;-. 



P L A T E  6 0  

A-MODEL WITH TRANSITION NO. 3A B-DISCHARGE 40,000 SEC. FT. 

alp 

C-DISCHARGE 80,DO0 5EC~FT D-DISCHARGE 120,000 SEC F T  

D R U M  G A T E  S P I L L W A Y  M O D E L  C - 4  W I T H  T R A N S I T I O N  NO 3 A  



r, 

i'rum She end of  the splll~ay section 10? feet downstream to the 

e~oss weir, which was :at El. 1140. ~is was done ~o test the ad- 

v a n t a ~  o f  a l o n g e r  sect-Ion than 60 :,feet b e t w e e n  ~the ~ & r  c r e s t  

end i n c l i n e d  p o r t i o n  o f  t h e  , t r a n s i t i o n .  The ; Increased  l e n g t h  ~' 

was o f  no adwautage'end no f u r t h e r  t e s t s  '~e made w i t h  i t ;  r 

Two o t h e r  forms of .t~ansltl~ were 

One of t h e s e ,  No. 4 ,  was very similar to No. 5-~axcept the: ,para~-  

ola of the bottom oT :~he ,In'ansltlon.wes,,much steeper inNo~ 4, as 

~hown In Flg. i~. The ~sullas o£ ~the atoeper perabola were not 

satisfactory. TreamltlCm No. "5 (Fig. 20) had a :low cross weir at 

El. 1125 and an offset on of ithe ~trmnsi: 

~sme as tramsitlon No. 8, bu~ had m very much flatter i/parabolic 

slope for the bottom of the transltlon0 This ~ranslt~,~;~ .~ 

 ove the f l o .  do, m .the  unneI, m d. Beemed ' toi'indieate 
~j 

high cross we i r  vme n e e e e s a z y  rWith ::a f l a t  ~ z ,  a b o l i c  curve  

good flow down the i~t;um.nelo ~: ~ conditions of £1ow~wlth tranal- 

tlons Hoe. ,4 and 5 8re Ple~es 62 and ,63. ~,To !improve .~he 

spproach to the spillway in tests .using trene~tlon No. 4 a :curved 

guide  w a l l  was p l a c e d  upstream f r c ~  t h e  c r e s t - . t  ,each end -as s h ~  

In Plate 6I-C. Thls curved wa~l.-~.improved the flow and was,~retalnod 

in the final design. 
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P L A'I 'E 61 

A - D I S C H A R G E  1 6 0 . 0 0 0  S E C  F'T B-D ISCHARGE 2.00.000 SEC. FT 

/ 

C ~,CU~v'E.: '~ c~LJ~DE ~,'~*L~_ AT E.~'D OF" S;)~LL'~'~ : ,-  ~ . ' ; :  ' - "  

D R U M  G A T E  S P I L L W A Y  M O D E L  C - 4  W I T H  T R A N S I T I O N  NO. 3 A  



PLATE !62 

A-MODEL WITH TRANSITION NO. ,4 
B-DISCHARGE BO,OOO 5EC FT 

C-DI..~CHARGE 160,000 3EC F'T D-DISCHARGE 2OO,O00 ..~EC 1:'3" 

D R U M  GATE S P I L L W A Y  M O D E L  C - 4  W I T H  T R A N S I T I O N  NO. 4 



PLATE 63 

A-MODEL WITH TRANSITION NO.5 
B-DISCHARGE IO0,OO0 SEC, FT 

C-DISCHARGF" 150.000 SF'C F"I" U-DISCHARGE 200.000 5EC FT 

D R U M  G A T E  .SPILLWAY M O D E L  C - 4  W I T H  T R A N S I T I O N  NO 5 
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I l l  

~inoe t r a n s i t i a n s  N o s j 4  and 5 p r o v e d  less s a t i s f a c t o r y  

t h a n  :No, 5,  t h e  l a t t e r  was in' p o s i t i o n  and f u t u r e  t e s t s  

o o n t i n u e d  w i t h  i t .  ".CurTed w a l l s  were  i n t r o d u c e d ~ f r a n  t h e  u p s t r e ~  

end  o f  t h e  spillway faoe..to t h e  back of the: channel t o  s m o o t h o u t  

the flow in the uppeo~ end o f  the :~mnel as:shown in Plates (~[, ao~ : 

85 and Fi~. 25. : ~ e  ocmditicm with the square end in the channel 

is shown o= Plate ,66, At low flo~s an tmdesirable wave was .formed 

at the u p ~  end of the channel (P~teZ  e~-~ and e s - B ) s ~ n i ~  t o  

t h a t  found on the :T~l model ~ l a t e  54) .  A t  ~ i ~  f l ows  the curved 

w a l l  had .~l;tlVJ~t e ~ e e t . . ' ~ h e  ~ a p ~ o e  o f  the  spiJ.~way was 

n u o h  be~l;~r .w i th  a c ~ v e ~  ~ A p s t r e ~  e 0 ~ ,  a n d b y  t h e  p r o p e r  :~a te  = ~ .  

n i p u l a t S e n  i t  wou ld  n e v e r  rbe n e e e s n r y ,  t o  f o r m  t h i s  ' u n d e s i r a b l e  

s i g n .  - 

~n ~testlng ~m~del 0-4, three d: 

crest Imre : ~ d  i n  an . 8 t ' ~ t ,  t o  improve 

The use o f  ~he th ree  types ha(~ no e fTec l  

sot;to= ol = ~he spi~_l~y. ,,Their quantit8~ 

will be discussed Im the la~er section of this report dealing with 

the flow over ogee ereS~ao 

I 0  
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PLATE 6 6  
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Tests.  of  Ba f f l e s  und n ~ l ! - ~  De.vices o n t h e  C-4 Model ~ i i ", i l - -  

The form of splllm~y finally~adopted:contalns no ~aff:es 

Or o ther  devises  t o  break up ~eurrents ~and ::s~ooth,o ........ 

t e s t s  l e a d i n g  up to  t h i s  s e l e c t i o n ,  however ,  

experiments on such devices, . Most "of :,these tests 

" i 

the C-4 model~ Although considerable llrOgrsss wa~made in improvise 

the flow conditions by this-means, satisfactoryresults .were secured..:: 

without them and it ,was belleved that ~nt 

not warrant the extra expense involved iln their cons' How- :: 

ever, it is believed ,that e rscord.~of these experiments ,wi11-~be ~:of 

value to future designers of side channel and other spillways land 

they are therefore briefly, described herein. 

The tests in t~_.is fieldrwere very comprehensive, including 

a variety of basic forms and :e great number :, of minor changes ~and I 

cambinatioms of them. In~ all, abou~ i00 

combinations wer~ tested. To Include a d 
---- - - - v ~ v  

would unduly len~,then .this .Ya brief"account 

fore been included, but to ~eaerve a.-record of-all .the tests s set 

of sketches ,of all the baffle ,~rrange~ents ~on allof the .models ~has 

been 4~n~up end-filed_with ~the~offlee f~ic copies,of this report. 

ThQso l~sts were • ~t-rled .on simultaneous,]~ with the devel- 

opments ieadi~to the final ~si~n, and ~the~sfQre include runs with 

baffles using allthe various transition forms previously discussed. - 

11 



In order that the developments loading to the :final desiga might not 

be obscured, it was believed better to discuss these maim steps sep- 

arately fram the tests with baffles, rather than to cover them both 

in a chronological order. In discussing the baffl ~ps 

in the development of the principal forms will be 

T h O  p u r p o s o ~ o f  the v a r i o u s  b a f f l e  d e v i c e s  w a s  ~ o  check the 

veloclt - - - 

lessen 

the water piled up on the rear side of the c~ol 

mcnt of these results improved the flow conditions 

False Floor Slo~in 6 Across C~mm.l , 

One of the first mo~hodm te~ ~e- 

sults was the in@tallation of a false 

nel, intersecting the rear slde of the 

the elevation of the channel bottom, 3hewn un Figure E1 andPlate 

67. This alteration was expected to 3e the water surface on the 

crest sldo and direct the Jet agalnst s 

tendency to rlae would be lesm then in 

where the angle was .obtusg. The results wl 

little improvement over the tr~ginal form, 

parlson of Plates 53 and 69. The effect of adding curved-need baf- 

fles in three p~itions am the c~ross sloping floor; i. o~,, near the 

rear wall, on Che center llne, a n d  neer the crest slde, were Llmo 

12 
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P L A T E  67 

A-MODEL WITH FLOOR SLOPING ACROSS 
CHANNEL.96 e TO REAR WALL B-DISCHARGE 80,000 SEC. FT 

C-DISCHARGE 160,000 SEC. FT D-D~SCHARGE 200.000 SEC. FT 

D R U M  G A T E  S P I L L W A Y  M O D E L  C - 4  T R A N S I T I O N  NO.I  
E F F E C T  OF F L O O R  S L O P I N G  A C R O S S  C H A N N E L  



I Q 

?i 

tried. The la$~r:poslti~ was ~st:beneflelal as the baffles ~tend- 

ed to even out the flow across ~he :ch~unel+at :ell ~iows except the 

very low~es, 

of  : t h i s  genera ,  

; ~ O t ~  ~:~:Fr,, ~ t  :Half of ':C_I~I 

Another f~ Of baffle :~ested':was ..a ledge ~::~.he :~,re~r ?ha l f  

ef ,-.the ¢hamml, leaving ~hown:on FI~- 

!.C' 
desirable The ~e~ 

• 

ati~ns Of this,.m~Jor fo r~  whieh:were  te~ 

Den~a ted .: baffles ,~ ~: the: front =-C ) 

~s~ed,in. improved .~ondltions. i This :/latinled i to cu '~Iz~ the i~- 

• :blocks, which n~.de : up. th~ best form..o~ .baffle .~de~sed, 

baffle is aho~ on Plates 70 ~d ~ig~re::~, t of the den- 

~ated ~ffle may be seen by '0. A 

varletles:of this =ffl , ) : i~i 

In its best;for~ t~Is baffle ;was 20 feet big 

°~d of the channel ~ud:30 fee~ high a~ the lower end, 

diagonally aerossthe channolbott~from a positionl0feetinfront 

of Channel center line at ~pper end to 10feet Inroerof centerZllne 

i ̧  

15 
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:> L A'T E 6 6  

A -MODEL  WITH DENTATED DEFLECTORS 
ON CREST SIDE OF SLOPING FLOOR 

P,-DtSCHARGE 50~000 SEC. FT. 

C-MODEL WITH DENTAT[D BUCKET,.% ON 
CREST SIDE OF SLOPING FLOOR 

[ ) -DISCHARGE 200.000 SEC r -  

D R U M  G A T E  S P I L L W A Y  M U D E L  C - 4  T R A N S I T I O N  NO. I  
E F F E C T  OF D E N T A T E D  D E F L E C T O R S  & B U C K E T S  ON S L O P I N G  FLOOR 



9L&Tli:: Ig 

A-MODEL WITH TROUGH IN FRONT 
HALF OF CHANNEL 

B-DISCHARGE 200.000 SEC F'i" 
PLAIN OF'FSET 

C-MODEL WITH TROUGH IN FRONT HALF 
OF'CI'tANNLr'I.. AND DENTATED 5 ILL  

D-OISCHARGE 200,000 5EC FT 
OFFSET WITH DENTATED SILL 

DRUM G A T E  ~ P I L L W A Y  M O D E L  C - 4  T R A N S I T I O N  NO I 

E F F E C T  OF T R O U G H  tN F R O N T  H A L F  OF C H A N N E L  & D E N T A T E D  :SILL 



i P L A T E  70 

I '  

A-MODEL WITH DENTATED BAFFLE B-DISCHARGE 80,000 5EC. FT 

C-DISCHARGE I~.0,000 SEE. F'T D-DISCHARGE 200,000 5EC FT 

DRUM G A T E  S P I L L W A Y  M O D E L  C - 4  T R A N S I ' [ I O N  NO. 3 A  
E F F E C T  OF D E N T A T E D  B A F F L E S  & OF C U R V E  IN U P P E R  E N D  OF C H A N N E L  



( 

at beginning, of transition. T~ie dentetes were made by cutting notch- 

es in the leading edge of the baffle, varl~ing fr~ l0 feet to 15 feet 

deep at an angle of 45° with the vertical, spaced fro~ 8 feet ~to l0 

feet apart. The overhanging blocks were about two-thlrds the width 

of the dentates. This type of baffle was tested with all the dif- 

ferent transitions and crosswelrs. 

On Pl~it~ ?l is shown this form of baffle with the 3-A 

transitlon, which was the best forT' developed using the baffles. 

The flow conditions for 120,000 second-feet ands200,000 second_feet ~ 

are given on views B and C. The improvemen ~ • may 

be observed by comparing these views~ith those given on Plates 60-D 

and 61-B. As will be seen, the baffles caused a material smoothing 

out of the flow. 

By the action of this baffle, part of the ~ter Talling 

over the crest ~ms deflected!back toward the crest side and thus 

tended to 2nko the .water level more nearly equal:on the two sides 

of the channel. ~ne baffle face was set somewhat Let anangle with 

the direction of the cen~er line of the i slnce wlth the face 

set on the ccnt0ri~lin, there was in 

channel to pulsat(i back and forth across the channel in a sor~ of 

tidal motion, and tl-is did not occur wi~h the baffle set at an anglo. 

At 200,000 second-feet d~scharge the wclr at the upper end was sub- 

merged so deeply that the overflowing stream did not d.ive down to 

the bottc~, of the channel but rather it passed over the %o 9 and 

4 '~ 



~ L A T E  71 

0 
0 

0 
0 
P~ 

t.J 
~9 

u 

t.) 

if3 

k'. 
c~ 

0c 

I 
t.A 
ff'l 

i 

<C 

r~  

O W  
Z ~ -  

0 
Z . - I  
O W  
I--. w ~ o  

n,- 6.. 
b- u_ 

u z 

~ - Z  

~ u  
._1 h 
~ o  
f f l l l  ~ 

w O  
F-- I.~ 

0 

~ m  
n., 

u~ 
w 
,_1 

rn 

I 

/ 
GJ 

0 

I 
~C 



did not come into contact wlth the baffles. Their:effect was, there- 

fore, not as greatat the maxlmumdischargeas at sol;~ewhat lower 

flows. 

( 

Deflectors Attached to - e  ~" ' - Lk st ~ozde of Cnaru~.e] . 

Plates 72 and 73 show 

deflectors whi~h~were experi~ent~ 

are given on Figure 24. '.The first L of these ~(Plate ,~ Itrelght 

deflector with curved upper surface attached to~he ;~.~below 

the crest elevation. The/deflecting actiom at lowiiflowls shown~ 

Plate ?2-B. 

Th~ form a h o ~ m  o ra l  Plates 72-C and Digav~)better results. 

This form caused two opposing currents which ~her. 

The portion of the overfall teeth 

followed around the channel perimeter~ and that meeting the top of tbs 

teeth was deflected more oi" lees horizon~ally~across the chQnmel. 

These two stro~ur.s tend to meet inthe channel andimuch of~the energy 

was dissipated by impact. The blocks h~ 

ano  the ron to place be=s, 

obJectlonablo at low flows, particularl) 

channel ss there is no pool there to receive the Impactof the 

On Plates 73-A ~ and B is shown a comb~na~ion of th~ 

deflectors with a coping baffle somewhat si~ilar to tha~ tested on 

the rv~-l model. This combination gave a very satisfoctory dissipation 

effles ~and 

these ~ setugs 

i% 
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PLA'rE 72 

A-MODEL WITH DEFLECTOR 
B-DISCHARGE IO0,OOO SEC F'T, 

PLAIN DEFLECTOR ON CREST FACE-TRAN$1TIOI~ NO 3 

C-IvTODEL WITH DEN-rATED DEFLECTOPS D~DISCHARGE 200,000 "3EC ~;T 
CURVED F'ACE DENTATED DEFLECIL)R:j C)N CR[..ST-TRANSITIO,,,,~ NO S 

DRUM GATE .SPILLWAY MODEL C - 4  
DEFLECTORS ON CREST SIDE OF' CHANNEL 



;~'t A'TE 7~ 

A - M O D E L  W I T H  DEFLECTOR B - D I S C H A R G E  2 0 0 , 0 0 0  SEC FT 
CURVED FACE DENTATED DEFLECTOR ON CREST AND COPING BAFFLE ON REAR WALL 

C -MODEL  WITH DENTATED BLOCKS D-DISCHARGE 40,000 3EC FT 
DENTATED BLOCKS ON CREST FACE AND CURVED WALL IN UPPER CHANNEL 

D R U M  G A T E  S P I L L W A Y  M O D E L  C - 4  

D E F L E C T O R S  O N  C R E S T  SIDE OF C H A N N E L  



of the energv of flow but introd~,ced so much obstruction to the ion- 

gi~udinal flow of the water in the channel that the 

Upstream endof the arest was badly obstructed. The 

Plates V3-C and D seemed fairly satisfactory for hi-oh flows t 

~n~eslrable ~ 

A 81de 0fthe m Plate 

74 was also %Tied. This was s~larlto one tested on the M-2model ~: 

and lime it did not give very 

Fulse Rear Wall in the Channel 

In addition to the baffle • studies a few tests were made 

to investiaate the possibilities of changing the cha~nel cross see- 

tion. This was done by inserting a false rear wall in the channel, 

making an angle of 60 ° with the horizontalaa sho~n on Plate ?5. 

This narrowed the cha~_uel bottom to 

upstream end and full width a% the 1 

proved the flow conditions fore given height of cross 

cross weirs were also tried, as shown on Plate 75, and 

proved as the height of the cross :~eir increased. The resultw~s 

net as good as that with the larger channel v.ith weirs producing the 

same degree of submergence. 



P L A T E  74 

~MODEL WITH "TROUGH lq[ t,R REAR w~-,[..i "'~.#L,E 75.000 ' : 

[ . ) R U M  ', A~r[  b | - ' l [  L W A Y  M O D E L  C - 4  T R A N S I T I O N  N O  ,'.~ 

1 - R O U G H  O N  R E A R  S i D E  O F  C H A N N E t  
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D 

Gate .~.ide. Chr~..e.1 S p i l l w a y ,  Mode_l_ }.~-3,_ExyerLr, ents at 

M on t ro se ,  : I a b o r p t  o r y  

In order to ~est out on a larger scale the results ob-  

t a i n e d  on the 1:60 scale drum gate model at the Color~do Agricul- 

tural College laboratory, e Similar model was constructed one 

1:20 s~cale at the laboratory a t  MonCrose!, This model, except for 

scale, was "the same as that tested :at Fort Collins, using the ~3-A 

transition as~shown by t h e ? ~ r o t o t - l p e  drawing, Figure 17. The con- 

struction was similar to that of the M-1 model\~revlously~desaribed. 

In the rear wall of this model ~ere placed three windows in order 

that the action of the ~ter inside the~spillwsy channel might be 

observed. 

,i~Io_~ in Original Design of }~3 ~odgl 

Anumber of experiments were carried out on the :r~3 model 

to Improve the conditions of 

the tunnel. Yhcse will be~ 

~The details of each setup are 

of sketches of all of themare filed with the office 

this report. - -  

Extensive quantitative observations were made on this 

model. Tee cross sections of the channel flow for verious ccadi- 

copy :-of . . . .  ~~ 

~. ¢ l o m s  w o r e  detormtncd and t h e  p r e s s u r e s  :on ~he b o t t ~ l n  and-sidle 

w a l l s  of t h e  c h a n n e l  and on t h e  b e a t e n  o f  t h e  t r a n s i t i o n  were  o h -  

k 



( 

served. The coefficients of discharge for the various forms of 

crest for a wide range of flows were observed and also for the drum 

gates: in the ~various positions. Observationswere also !made of%he 

air content in the spill,-my channel andof the velocity iof :flow in 

the spillway tun_nel, These q~/antitative results are discussed in 

the later sections of this report de~ling with the particular fea- 

tures. 

The appearance of this model is shown on ~!the three views 

of Plate 76. The action of this model for flows of 40,000, 80,000 
% 

and 120,000 second-feet are shown on Plate ~ 77, and for 160,000 and 

200,000 second-feet on Plate 78. The similarity of %he action of 

the large scale mode." of the sm~ll 

comparing these plat~ views~showm ( 

the lower discluarges the action of these ~ ".?' - , . 
sp~ llvm ys w,: s very similar. 

The appearance for the 200,000 ~~÷~^~ ~: ....... 

such exact sLmilltude but this 

was a tendency for surging and the still~plctures bolng taken at 

different points in the surge do not show the action under exactly ~ 

the same conditions. Also, in a later part of this report the ca~- 

parisons of the oction for the t~so model scales ,~ill~:bo made on,s 

quantitative basis. ~ 

/~I"' ~L ¸ 
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P L A T E  77 

I P  

D 

tr~ ~ 

A - D I S C H A R G E  40 ,000  SEC. F'T. 

B - D I S C H A R G E  80,000 5EC.FT,  

C- DISCHARGE. 120,000 SEC. FT. 

FLOW IN DRUM GATE SIDE C H A N N E L  S P I L L W A Y  
M O D E L  M - 3  



P L A T E  7 8  

A-D ISCHARGE 160.000 -~EC, FT 

B-OI~CHARGE 200,000 ~IEC. FT. 

~ l i ~  ,~ ~ . ~ "  ,. 

~ ~ ~ -  - _ - - _ - i  

C-DISCHARGE 200°000 SEC. T T  

FLOW IN DRUM GATE SIDE C H A N N E L  SP ILLWAY 
MC)f)EL M - 3  



( 

( 

Curved ,Wall at Upstream End mf the C~nne_1 

Experiments were made on this model with curved wall at 

the upper end of the channel slzilar to those investigated in the 

1:60 model. Plate 79 shows one of these @ells In place and ithe ae_ 

tion of the spillway with a 200,000 second-foot dlschar~e. 

mxper~nt with ,.~atated , B a ~  

Two forms of demtated baffle ,were experimented upon in the 

~hese were similar to the overhan@img dentated form ex- M-3 model. 

perlmented on in the 1:60 model, as described on Pagel3 and shc~m 

Plates 70 and ?i. The ~wo forms tested c~athe ~-3 mod~l were s i ~  

except that in the second form the alternate teeth of ~the first ~fcm~m 

were removed. Experimaats were also made with the closely-slmaced 

teeth and the curved wall at the upper end of the channel. 

Plate 80, view A, shows the first form of dentated baffle 

s r e ted upon. it en e act  -dup  c te the  on P te 

70 in the i:60 model. The results of this model are sho~m ~on Plates 

80 and 81 for discharges of 40,000 to ~O0,O00~aecoad.feot. The sim- 

ilarity of the action of this model with that of the 1:60 model may 

be seen by cc~paring these views with those shown om Plates 81 amd ?0. 

The runs on Plates 80 and 81 were made with s square end on 

the chaanol, as sho~m on Plate 76. Those on Plateau:82 and  ~ wore 

made with a curved wall at the upstremm end of the' channel. The sec- 

ond form of dj~ntated baffle was made frem the first by removing 

19 
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P L A T E  7 9  
. . . . .  = 

A -  NO F LOW B - D I S C H A R G E  2 0 0 , 0 0 0  SEC FT 
LOOK{NG D O W N S T R E A M  

c -  DISCHARGE3C~LO, 0 0 0 ~  5 E C .  F T .  
LOOKIN  C.,j P 5 T R E A ~  :~ .. . . .  

CURVED WALL AT UP, fR  
SPILL,~.,~ END OF CHAN~ L DRUM G A T E  

. M O D E L  M - 3  



P L A T E  8 0  

b 

A-NO DISCHARGE 

B-DISCHARGE 40.000 SEC FT 

:_:tSCHARGE 80,000 SEC F]" 

F L O W  W I T H  FORM 3 OF D E N T A T E D  BAFFLP~ 
IN DRUM G A T E  S P I L L W A Y  M O D E L  M - 3  



PLATE 81 

A-DISCHARGE 120,000 SEC r~ 

B-DISCHARGE 160.000 SLC FT 

C-DISCHARGE 200,000 SEC FT 

FLOW W I T H  FORM 3 OF D E N T A T E D  B A F F L E  
IN DRUM GATE SPILLWAY M O D E L  M - 3  
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A-DISCHARGE 120,000 S E c  F'T B - D I S C H A R G E  160,000 SEC. V T  
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alternate teeth. This baffle is shown on Plate 84, view A, and with 

a discharge of 40,000 second-feet on view B. The action of this baf- 

fle is quite similar to that having closer-spaced teeth. Both of 

these baffles resulted in the smoothing out of the water surface in 

the channel, but offered some obstruction to the flow. The improve- 

ment was nc~ believed to be sufficient to Justify the expensive con- 

struction necessitated by the baffle, andtherefore nose was used in 

the final design. 

Flow with Drum Gates ~alsed 

A ~ i e s  o~ e ~ r ~ e n t s  * ~ ~ d e  with t~e ~=,~t,B rai~sld 

o der to dete=ine the ao io  of the spln S =de  condi- 

tlo~s and to see if it were possible to obtain ~bstt, of 

flow at low discharges by means of ac 
- ~r/, 

Plate 85, view A, shows the conditioms in ~the spill~ay nhen" discharg- 

ires ~i,500 second-~teet with all the gates at their maximum elevation 

(1221.7). This is the condition which it was estimated would be 

reached by the peek of e flood equal to the 1884 flood if the flow 

was distributed equally between the two spillways, This is the larg- 

est flood of which there is a usable record. Views B anc C of Plate 

85 show the effect of different gate levels at the idifferent ends of 

the spillway. In view B the greatest part of ~he discharg~ came from 

the upstream gates. The upstream gate (No. l) was entirely down .... 



alternate teo~h. This baffle is shown on Plate 84, vlew A, and ;with 

a dlscharge of 40,000 second-feet on view B. The action of this beT_ 

fie Is quite s~milsr to that having closer-spaced teeth. ~th of ', 
~-~:,~ 

these baffles resulted in the smoothing out of thewater surface in 

the channel, but offered scme obstruction to the flow. The :improve- 

ment was not believed to be sufflclent~to JuutlfY the expenslve con_ 

struction necessitated by the baffle. ~and therefore mQne was used'in "~ 

the final design. 

i Flow with Dr~ ~ates Raises 

A series of experiments was made With the 

in order to determlre the action of "the s~illway under ~these condi- 

tions end to see if it were possible to obtain better~condltlons of 

flow at low discharge 
3. 

(1221.9). ~This is the condition which it was estlmated:~ou/d be 

reached by the peak of a ~lood,:oqual.to ,the 1884 flood. IT theTlow ' :;S: 

was distributed equally bet,eeD ~he two spillways. This ~ is the larg- ,.~ 

est flood ef which there is a usable record. Views B anc C/of Plate 

85 show the effect of dlfferen ~ gate levels a% the different ends~ of 

the spill~y. In view B the greasiest pert of the discharge came Tram h 

the upstreem gates. The upstreem gate (No. i) ~as entirely down. 



P L A T E  8 5  

A - D I S C H A R G E  31 ,500  SEC FT 
A L L  G A T E  C R E S T 5  AT EL 1221.7 

B - D I S C H A R G E  1 4 4 , 0 0 0 . S E C  FT 
L A R G E S T  FLOW FROM U P S T R E A M  GATES 

C - D I S C H A R G E  144.000 S~ r ! 
L A R G E S T  FLOW F'ROM r~,,C~Wfq~ ~ .~-~, %.'.rE*~ 

F L O W  W I T H  D R U M  G A T E S  UP.  S P I L L W A Y  M O D E L  M - , 3  



.......... k . . . . . .  

Gate 2 was ene-fourth ~p~ ~gate 3 one-half up, and gate 4 three- 

feurths of its full height up. The discharge was i~,000 second- 

feet, which was the greatest that wauld flow ever the spillway 

crest under these conditions wi~h a LWuter level at the maximum 

flood line, elevation 1~32, In viewc the dischargewas largest ~ 

over the downstream gatesj Gate 4~ the downstream gate, was en- 

tirely down, gate 3 one-fourth up, gate 2 ene-half up, and gate i 

three-fourths up. These ex~erlments showed that at low di 

improvement in the flow conditions could be secured by havlng the 

greatest flow over the downstTeam end of the spillwuy but at larger 

flows the b~st results ware obtained with greater flows ~over the 

upstre~n cud of the ereBt. This is because for~s~ disc~rges 

the depth of water at the lower end of the ~channel is relatively 

much greater, with respect to that at the ~upper :end, 

flows on account of the pool formed Just ,stream from ~ne cross 

weir of the channel. This greater pth n;dissipate ~t 

of the smm.ll flows .~ith relatively ~mal~ dist1~bancQ, wh 

water passing over the upper end ef ithe w0ir does o 

this pool, At larger discharges the depths at th, the 

channel become more nearly equal, but the drop frown roserv0ir level 

to channel lovel~is less at the upper end and the disturbance there 

is therefore less. 

The flow con~ditions far gates uniformly raised one-fourth 

of the way up are she~Tn on Plates 86 end 87. In this case, ~he tur- 

21 
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bulenco in the channel is sli@htly greater t h a n  f o r  the gates down, 

since the water level in the reservoir is higher with the gates up 

and therefore the dro~ between the~ reservoir surface and the water 

level in the chz,nnel is greater, causing more energy to be dissi- 

pated in the side channel and therefore mo~e turbulence to be ,pro- 

duced. _ 

Obsorvutions were made on the direction of the curren~ in 

the side channel by observing thepath taken bye stream of colored 

water introduced into the flow in front of the ~tindows which were in 

the rear sldo of the channel. Plate 88 shows the path for a 200,000 

second-foo~ discharge at these three windows. 

in ell cases the flow 

flow down the channel. 

C-2 model. The upvrard 

is due to the ~ter rising to pass over thelw~ 

the transition. The ris~n~ ~.+~ ~ ~ .... 

It ~vill be noted that i 

n ~ Of the 

a combination of the rising stream on the backside of the 

together with the longitudinal flow in the channel itself, 
# 

R efer.,c,.nce to A~_r Content in-the ChAnnel 

Ertensiv.~ experiments were rode on the ~.~'3model to deter- 

mine the air content in the water passin~ down the side channel ,and 

22 
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the press-~re~at numerous points on the side wells and inthe~transi- 

tion section. Plate 89, view B, deter- 

mine the air content. View C sho 

to observe the pressure of L of 

tion. Detailed results of~t 

part of this report. ~ 

given!in a later 

S~eriments ion i :I00 S~ale Modgl ~ M-4 ~ 

A model on i :ICD scale was constructed of the same shape 

as that on the 1:20 scale previously and the 1:60 scale ~ 

at Fort Collins laboratory with the 3-AtranSitlon. The prototype 

h ! dimensions are given ~nl~igureilT, In t '~is model the transition 

was constructed ~with an open- top so that be readily 

observed. The condition for various discharges are ~sho~ on,Plates 

90 and 91. ~e results were very similar i~o those on the l:20~and ~ 

1:60 models. The quantitative~comparison of %hose results is 

in a later part of thislreport, 

Simil~i:tude of C-4~ and~M~3 Models 
" j -- 

The similarity of the results obtained on:the modeis M-4,! 

C-4 and M-3 was so close that - -- 

clplss ofmodel testing and 'that the results 

could be extended to the action of the prototype. A cc~nparison of 

these results on a quantitative basle is giTen In Book 3. Tue ap- 

23 
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pearance of comparable tests for all cases where good photographs 

are available are shown on Plates 92 to 94 inclusive. Plate 92, 

views i and B, shows the C-4 and:~-3 models without baffles and iJiL 

views C and D show the~appearanee with flows corresponding to 

200,000 second-feet. The actions are seeu to be Very slr.ilar 

there being a strong resemblance between ~the two even in the case 

of the minor wave formations. Inthe 1:20 model the Water surface 

is more frothy, as a result of ~he fact that 

being of the same magnitude in both models, is relatively~i s~,aller 

in the case of the larger model. Comparison of model en~ prototype 
on other structu~,es where, available ~-~ 

results/also show a sJJnilar relation, as there ~as more spray and 
2 

fern in the case of Sthe prototype, ~ 

The same models with curved upstream ends and dentated 

baffles are shown on Plates 93-A m~d B. Comparable views for flows 

of 200,000 second-feet are shown on views C and D. The general 

agreement in appearance is close but :there ~is some difference in 

detail• The flow conditions fram the 

differences gothrougha certain roug 

photographs were taken at~hesamewo 

would differ somewhat in appearance, a!thoug ~i 

two spillways might be~exaot!y similar. For this reason the com- 

parison on Plate 93 gives an impression of leas exact agreement 

than really existed. C~risons of ~he conditions for flows of 

160,000 and 120,000 second-feet are shown on Plate 94. The agreement 
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PLATE: 9 2  

A-FORT COLLINS S=60 MODEL 
C - 4  

~ - M O N T R O S [  1:20 MODEL 
M - 3  

C-DISCHARGE P_.O0,OOO SEC. FT D-DISCHARGE 200,OOO SEC F"T 
MODEL C - 4  MODEL M-3  

C O M P A R I S O N  OF FLOW C O N D I T I O N S  IN C - 4  A N D  M - 3  M O D E L S  
NO B A F F L E  IN C H A N N E L  



PLATE 93 

A - F O R T  COLLINS" I 80 MODEL 
C - 4  

B°MONTROSE 1:20 MODEl. 
M - 3  

C-DISCHARGE 2OO, OOO SEC FT 
MODEL C - 4  

D-DIS~HARGE 200.000 SEC FT 
MODEL ~ - 3  

C O M P A R I S O N  O F  F L O W  C O N D I T I O N S  IN  C - 4  A N D  
- 3  M O D E L S  W I T H  D E N T A T E D  B A F F L E  IN C H A N N E L  



P L A T E  9 4  

A -D ISCHARGE 160,000 SEC FT 
MODEL C - 4  B-DISCHARGE 160,000 ,SEC. FT. 

MODEL M - 3  

C-DISCHARGE 120,000 SEC. FT. 
MODEL C - 4  D-DISCHARGE 120,OOO SEC FT 

MODEL M - 3  

C O M { : ' t ~ R I S O N  OF F L O W  C O N D I T I O N S  IN C - 4  A N D  
M - 3  M O D E L S  W I T H  D E N T A T E D  B A F F L E  IN C H A N N E L  



here Is also very ~c~d. It is believed that these three plates 

show that very satisfactory agreament w~s secured between the re- 

sults of these two models. Very close similarity Was also ob- 

talned with the quantitative cc~risons of the l:lOOr 1:60 and 

1:20 scale models, as will be shown in Book 3. Visual comparison 

~s not possible in the case of the l:lO0 ~del on account of the 

l ack  of sa t ia fac tor~y  photographs .  

The Final Spillway Design 

As a result of the tests r o f  the weir nappe shapes,i and 

the flow over various ogee shapes, described in Book 4 of this re- 

port, a for~ of ogee crest was developed which permitted a greater 

flow over it than the forms used on the 0-4 and M-3 models. This 

improved form was incorporated in the final desl~n. The :other prin- 

cipal difference between the fi~l design and :the scmlrlnal desi.~i 

represented by the  C-4, ,. was 

cross weir in the spillway channel. In the sem~ 

 est or this et election ll40. To 

• heso modols hacked the water up In the channel 

200,000 second-feet to such an extent that the flow~ovor ~the upper 

end of the spillway weir was considerably reduced. The testslof~the 

model, with the No. 3 transition, which had a cross weir at el- 

evatlon 1145, showed however that better flow conditions wore ob- 

tained in the spillway channel and the tunnel than wlth a w e i . r  at 

~5 



elevation 1140. This was a considerable advantage as/it made/the 

pulsating conditions which were experlenced with the~i_l model still 

less likely to occur in the prototype. It was found that with the 

i~proved crest form the discharge would be practically the same with 

the higher cross weir as with the former crest form andlower weir. 

Slightly lower levels would be obtained in the reservoir byuslng 

both the improved crest and lower weir, difference was so 

shall that the advantage of better flow p1"edomlnated and 

the cross weir at elevation 1145 was adopted.. The effect of the 

changes Incorporated in the finalldeslgn was therefore an improved 

condition of flow rather than an increase in discharge capacity. 

Tests on Models of the Final Design 

Extensive tests w~re mmde on the models of the final de- 

sign. These f~ll into two general classifications; visual tests 

and quantitative tests. The ~isual tests consisted of: ~/~ 

1. Observation of the flow Conditions with all gates down and 

with gates partly and c~mpletely raised. 

2. Tests to determine the best fc ~am end cf i the 

piers on the crest. 

3. Test of a device for improving flow conditions at the up- 

stream end of the channel. 

4. Tests to determine the best operating program for the gates 

during a flood. 

P6 



The quantitative tests consisted of: 

1. Determination of crest discharge coefficients with gates 

closed, partly raised, and fullyraised, and comparison of the re- 

sults on the three zlodels. 

2. Observation on the depths of 

and transition, and comparison of the 

3. Determination of pressures on the 

ous points on the crest, channel and trans 

results on the three models. 

4. 

cha~uel. 

illwaychannel 

ifferent/mo~els. 

sidesatZvari- 

m~parlson ofthe 

~,~easurement of air content of the water flowing in the side 

Visual determination of flow conditions were mde on all 

t~2ee models and comparisons of the action of the various models 

was made oy means of photographs to determine the reliability of 

the principles of si~iliSude. 

D 

~le operating program was worked 

1:60 model as it wns easier to manil gates 

tests, however, were made on the l:2C model. The te 

~iers were made on both l:60and l:2C 

vice for improving ~he flow at the upper 

only on the 1:20 model. 

Cf ~he quantitative tests, the crest coefficient determl- 

nations were made on all three moaels ~nd ~he observations of ~pres- 

27 L 
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sures o n  the crest, channel end transitlon, were made on the 1-20 

and 1:60 models• The observations on the depth of flow in the 

channel and transition .were made on all m0dels. The air content 

~as determined only on the 1:20 model. The results o~ 

titative tests and the ~omparison of them from the ste 

similitude are given in Book 3 of this report. 

Final Desi~ Models ~51 C-5 and~C-~ 

The final deslgn 1-20 scale model~ M-5 ~ at the Montrose 

laboratory was constructed of. galvanized sheet .iron over~a wood 

fra~e in a ~ulner somewhat similar to that of the M,i and;M-3 

models previously described. Advantage was taken~ however, of 

the experience gained on the early ones tend the fra~.ing wins ida- 

signed somewhat diff~rently. A plan and~ vertical section of this 

model is shown on Figure 26. A ~"ross ~section of the model wlth the 

adjacent topography is shown on Figure 27. Two views 

ferent stages of the construction are shown on 

also shews views of the ec~pleted model. Other views i 

ere shown in connection ~itha cc~pe~ ~f the~views o£ 

models on Plates 97 and 9B. The gates of this model could 

to any desired height by means of screws operated Trc~ thelnside. 

The entire shape of the gates was not built, and a canvas dlaphra~m 

was used to prevent the water l~rcm passing through the space beneath 

28 
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P L A T E  96 

WITH SEMI-FINAL PIER DESIGN 

WITH FINAL PIEq r2~_SIGN 

F I N A L  D E S I G N  1:60 S P I L L W A Y  M O D E L  C - 5  



P L A T E  97 

0 

1:20 MODEL RATIO 

:60 MODEL RATIO 

:I00 MODEL RATIO 

C O M P A R I S O N  OF S P I L L W A Y  MODELS,  F I N A L  DESIGN 
L O O K I N G  U P S T R E A M  



PLATE 9B 

I 20 MODEL RATIO 

I (::iO MODEL RATIO 

I '100  MODEL RATIO 

C O M P A R I S O N  OF S P I L L W A Y  M O D E L S ,  F I N A L  D E S I G N  
L O O K I N G  D O W N S T R E A M  



,i 

( 

( 

the topofthe gate. "This" 

side channel to observe the flo~. 

gray paintandllnes.~mre:palnted c 

the channel:and:the elevations. 

wasprovided~withiwlndows in the 

It wa 

tatlonlng along 

m o d i f i e d ,  ~as  u s e d  f o r  : t h i s a s  f o r  t h e  M ' 3  modeI , : and  :,the ~ mode l  o f  

the tunnel was the same as, for the E-I and M-3~ models. 

The spi  y 

was constructed ine .very similar manner to that ~"modelo 

The desi~ or this~ model' is shown : in 'aetal! on ~Igure~:~, 

fers from the other models in hL " :: : ' :: :~' i~ 

raised or lowered bymeans of p~ 

and pinion from~the outside of:t 

facilitated the experiments ~to d 

rious positions. The : t O p o g r a p h y  i n  ~front of ~ the model ,v~s ,,:cons~ruc.%- 

ed of a lean cinder concrete. ,Views-of'thls ~sodelfram,the,upst~N~n 

side showin~ the topography:~Lre given: on-Plate g6. An:idea ,ef the 

very .large size of:,the prototYl~e~of :th 

comparison of the :size of the model of 

ture automobile and,truek in front of ' the ,,left end ,of:~he,crest 

the upper view. O!ther views of this model-are aho~n ,on~i.Plates~:97 

and  98. 

The i:i00 model.was also constructed~of ~iv~nlzed ~%ron: 
@ " 

over a wooden frame. @rear care was ~en t o  secure an,:e~eth, ate 
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PLATE 99 

I: 20 MODEL -,~tl'c, 

60 MODEL RATIO 

I 100 MODEL RATIO 

C O M P A R I S O N  OF R E S U L T S  OF E X P E R I M E N T S  ON 
S P I L L W A Y  M O D E L S ,  F I N A L  D E S I G N .  L O O K I N G  U P S T R E A M  

D I S C H A R G E  2 0 0 , 0 0 0  SEC F I  
THE. DESIGN C A P A C I T Y  



PLATE 'IOC 

1:20 MODEL RATIO 

1 6 0  MODEL RATIO 

I:lOO MODEL RATIO 

C O M P A R I S O N  OF R E S U L T S  OF E X P E R I M E N T S  Or;  
S P I L L W A Y  M O D E L S ,  F I N A L  D E S I G N .  L O O K I N G  D O W N S T R E A M  

D I S C H A R G E  2 0 0 , 0 0 0  SEC FT 
T H E  DESIGN C A P A C I T Y  



C 

D 

( 

reproduction in order that the results of the three models would be 

comparable. No gates were used on this model, end the crest v~s 

shaped to represent the shape with the drum gates do~..~. :Views of 

this model are also shorm on Plates 97 and 98• 

S'-milarit~v of Visual Results on the Three Final Desi.$u~ Models 

The action of~ all three models for all the conditions ex- 

perimented upon :Tas found to be surprising/y similar. Thls is Strik_ 

ingly sho~.a~ by comparing the photographs of the flo~ in the three 

models for the corresponding discharges and gatesettings, as sheba 

on Plates 97 to 112 inclusive. Plates 97 and 98 are comparable 

views of the three models with no flow. P, lates99 and 100 show the 

tkree models ~lith discharges ~-orresponding to 200,000 second-feet, 

the former lookin2 upstream and the latter dovaastream. A very Close 

correspondence in the general features i~s noted, and in most cases 

this extends to the details of the ":rave action as :well. This is 

particularly truc in Plato 10C as shown by Lthe close correspondence 

bet.~een the ~ravo action bolor~ each of the corresponding gates. 

7~f~e flo',J conditions in the channel for discharges of 

160,00r~ . . . . .  o~cozd-_.oot m~d over : 

in uhich certain i'o~mus of flo~ 

~hotographs wore ta~'zcn at the same stage ~in the cycl,~ they ~;ould ,. , 

appear zo in(lica~o different flo;; conditicns, oven if the conditions 

considcrinc, the ",;hole cycle were exactly the same. For this reason 

30 



PLATE 10t 

I 20 MODEL RATIO 

60 MODEL ~ATIO 

100 MODEL RATIO 

C O M P A R I S O N  OF R E S U L T S  OF E X P E R I M E N T S  ON 
S P I L L W A Y  M O D E L S ,  F I N A L  D E S I G N .  L O O K I N G  U P S T R E A M  

D I S C H A R G E  1 6 0 , 0 0 0  SEC F -  



P L A T E  102  

I 2 0  M O D E L  F~AT IO  

I 6 0  M O D E L  ~ A q r (  

I ' 1 0 0  MODEl_  ~A" 

C O M P A R I S O N  OF R E S U L T S  OF E X P E R I M E N T S  ON 
SPILLWAY M O D E L S  , F I N A L  DESIGN. L O O K I N G  UPSTREAM 

DISCHARGE 160,000 SEC FT 



P L A T [  ; I ~  

1:20 MODEL RATIO 

I 60 MODEL qAT 0 

i I00 MODEL RATIO 

~-- "OMPARISOr"  OF R E S U L T S  OF E X P E R I M E N T S  ON 
S P I L L W A Y  M O D E L S .  F I N A L  D E S I G N .  L O O K I N G  U P , S T R E A M  

D~SCHAF~GE 1 2 0 . 0 0 0  S E E  F T  



P L A T E  104, 

1 : 2 0  M O D E L  R A T I O  

i 6 0  M O D L L  R A ] I O  

1 0 0  M O D E ~ .  ¢ ~ A T t O  

CO,MPA~ SON OF R E S U L T S  OF E X P E R I M E N T S  ON 
SP~g:.WAY MODELS.  r~NAL DESIGN l O O K I N G  D O W N S T R E A M  

D I S C H A R G E  120,000 SEC FT 



PLATE 105 

1 : 2 0  M O D E L  R A T I O  

1 :60  M O D E L  RATIO 

PlOD M O D E L  RAT 0 

COMPARISON OF RESULTS OF EXPEEIMEI,ITS ON 
SPILLWAY MODELS, FINAL DESIGN. LOOKING. UPSTREAM 

DISCHARGE 80,000 SEC ~-i. 



PLATE 106 

: 2 0  MODEL RATIO 

1:6O MODEL RATIO 

I~100 MODEL ~A"rlO 

C O M P A R I S O N  OF" R E S U L T S  OF E X P E R I M E N T S  ON 
S P I L L W A Y  M O D E L S ,  F I N A L  D E S I G N .  L O O K I N G  D O W N S T R E A M  

D I S C H A R G E  8 0 , 0 0 0  5 E C  FT 



PLATE 107 

1:20 MODEL RATIO 

1:60 MODEL RATIO 

I: lOO MODEL RATIO 

COMPARISON OF RESULTS OF EXPERIMENTS ON 
SPILLWAY MODELS~ FINAL DESIGN. LOOKING DOWNSTREAM 

DISCHARGE 40 ,000  S E E  FT, 
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C 

the similarity of flo~ 

the photographs. 

indicated by 

The effect of thesame surface tension in the .~.ater in 

all three models is notlcea~le in ~the increase in surface roughness 

or frothiness as the size~cf~ithe model~is increased, and the surface 

tension therefore relatively reduced ~. Plates 1Gl and i02 sho~ the 

conditions in the three models for flows corresponding to 160,000 

second-feet with all the gates down. Here age 

ity even ~in the ~ave ~orms is noticeable. Thi 

on Plates 103 and i04 which show the condlti6ns ifor flows off20,000 

second-feet, in Plates 105 a~d 106,for 80,O00, and in Plate i07 for 

40,000. 

The flo~1 cr:~ndit~o~s with the drum ga~es in r~ised positions 

for the ~-5 and C-5~odel~:sho~T the same close correspondence of ~flo~ 

conditions. Plate 108 sho~s the models u On Plate 109 

are shown comparisons for flo~s ofi40,0Oo:and 80,oo0 second-feet with 

the gates raised one-quarter, i similar comparison is sho~ on 

the conditions for discharges~ of 40,000 second_fee~ ~ wit 

quarters and fully raised. In all thes~ conditions the corres~ence 

is very close, in most cases extending to the minor ~ave forms. 

It is believed that a detailed study of the results of the 

comparable runs on the three models as sh~o~n by these photographs 

31 



will demonstrate conclusively the close similarity of the action of 

these models, the smallest of which is one-flfth the size of ~he 

largest. This fact, together ;~ith the fact that whenever it has 

been possible to obtain compcrisons between~odols and their pro- 

totypes, a '~ clOse s~ilarity has~alv~ys ~been found, is believed to 

be sufficient grounds for the conclusion that the ~ spillways of the 

Hoover ~ will perform in e manner very close to that indicated 

by the model tests and of ~ater involved 

vrill bc safely handled, till further confirmed 

bY the~!quantitative comparisons ef 

spln ys, in Hooks 3and 4 this report, 

Study of the Shape of Downstream.. ' End of Crest Piers 

One of the veluable resuits of model ~ests is ~he check 

which they ~ive of the performance of the details,of the structures 

as ~Tell as of the main features. ~rnen the V~5 and CSSimodels of the 

spill~my wore first tested, it was discovered thata partial vacuum 

formed 'under the na gate with the~ ge~es in a 

! 

behind .the. ] 

the nappe, from which air was continually being he 

overflowing water. This condition is shown for various gate open- 

ings and flows on Plate 113. The ~ater at the ends of the gate 

32 



PLATE 113 

• I 

GATEs RAISED FULL HEIGHT 
LAKE AT EL 1232 

GATES RAISED 3/4-DISCHARG E 90.000 SEC rT 

GATES DOWN-DISCHARGE 2O0,O00 SEE FT 

C O N D I T I O N  AT  D O W N S T R E A M  E N D  OF G A T E  P I E R S  
O R I G I N A L  D E S I G N  M - 5  M O D E L  



spread rapidly in a lateral dlrectlonand maintained ~a sheet of 

water one side of ~hich was constantly in contact with the pier 

face. In ardor to cause"this Sheet to break contact 

pier, and form an o p e n : s p a c e  through which a e r a t i o n  :~se 

could t~dce place, the: parallel sides 

downstream and the cylindrical patti, ,am endOf ! 

the pier was made T1ith a smaller ra~ 

ness. This resulted in an offset at thedonnstr, 

parall~l sides of the ion 

extension of parallel sldes w~re tested, The tea 

of them arc sho~n on Plnte ..1.14, 'Viev;--~Tnss taken looking:,d~Tn 

from the top of the pier. With sn extension of the parallel: sides 
" i 

of the ]pier 1.5 fuet further downstres~n than in%he or~ 

sign, and a decreasc of the radius of the cylindrical~portionlof 

l.o feet,  hlch produced a l.O-foot offset in the pier sides at 

this point. It sho~ls a space betwoen~the edges the:nappes from 

the tuo g~tes nnd the face of the pier. Through thd ~ : ...... 

pass to aerate the under side of the nappe. B and~C show 

suits ,-rlth other extensions and I Itwas desirable to re- 

duce the extension to a minimum, in ~er to reduce the volume of 

concrete in the piers. An extension~of 1.33 feet ands decrease 

of pier radius of 1.O feet were finally adopted. This shape closely 

approximates that shorn on view A. 

i. 

.S Spaco  a i r  , c o u l d  



PLATE 114 

A-PARALLLL :51DLb EXTENDED 1,5 FT 
CYLINDER RADEUS (7'2 PIER TH ICKNES5-1 .O  FT,) 

B-PARALLEL SIDES EXTENDED 2.0 FT 
CYLINDER RADIUS(y 2 PIER THICKNES5-1.O FT;) 

C - P A R A L L E L  SIDES EXTENDF- D 1.5 FT 
CYLINDER RAOIU$ ( I / ,  PIER T H I C K N E S S - I , 5  FT.,) 

CONDITION AT DOWNSTREAM END OF GATE PIERS 
SIDES EXTENDED,CYLINDER RADIUS DECREASED 

I 
L ~ 



f~ 

At low 

the crest at equal 

upsSream end of the channel 

at the upper end, as descrll 

this condition a form of hal 

It conslsted of two s~eps, 

earn -end of ----. ~-: 

at the 

ever, did not remove the und 

of 20,000, 40,000~ and 80,000 :second-~ , aroalso she' 

115. The action of tho baffle became more effective n~ 

charges, but even ~:ith no baffle the ~:ave act:io~tendoc 

as the discharge increased. Honc ~d 

by the baffle at any discharge. 

talned by removing the lo~rer of the t~:o placing an over- 

hanging coping on thc hi~her ste 

drum gates during a fled, ho~:ovo: 

graphs of this ;book, the undesir~ 

except for such ~all discharges that no harm could result, and it 

~as not considered ~orth ~hile to mak~o further search for a'boffle 

form for this purpose. 

# 

i 
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EFFECT OF CR08S WEIR IN CHANNEL 

At ~t~ 

de t e~-mlne the 

submergence ca~ 

tlon of this wolr was r~ 

proximately 12 ft. The improvement in~tho~ flew~i~ 

nol duo to the hIc~hcr wolr is strlklngl~Shown~bi 

conditions tilth the 7:clr at tholtwo heights. ~a ~,! 

Dctormlna~ion of Gate Op 

In order that 

slblo manner an cxtonE 

,rlments on the 1:20 model, i t o  

~o~7 

~t f~ctlon in the b~s ~ 

"5 modcl to do 

the ::'sy in rshich:tho 

the previous oxpori~nO~ 

s~mo elo~aticm altho on the M-3 model (Plato 85)Sc~no studio s 

made :;ith Gates at various elevations. Inall, 75 different 

ting progr~ns wore trlo6 These combinatlons feli into five groups 

according to the action of:the gates as thc:flo'~; is Incroused, ":hich 

~ioro as follows: (I) all gates moving at the same elevation; 
i 

(2) each g"tc lo~Tcr~d entirely dovm before the next starts; i{3) 

each gate lonorcd five ft. boforo the next succossi' 

after which they all move do~n ::t the s~mo rnte; (4) s"~mo as group 

No. 3 except uslr~ l0 ft. drop instcc.d of 5 ft.; and (5) s~o mlscoL- 

lanoous order&. 

.Of those covonty-flvo programs, three ~:cro neurly equ~lly 

doslr'blo, ~ud ":;ore sulcctod for further dot-.lied study. In program 
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A mr these t~hre~., ga~es land <4 (numbering frmu the upstream~d of 

the channel) lowered equ "" ~ ~i ~by were do..-n 5 ft., at :which 

time the middle ~wo~ ~mte arted to drop four 

gates lo~ered at the same rate untll they roached the fully open 

position. In program B the ~ .... 
., lo~~rod 5ft.~.a~ 

which polnt the romQ 

gatcs dropped at the~samo tlmo and ra~o .... The 

for those various atos ll7 to " 

The action is show 

The action of the spill~sy !for thu~o,.- th ms ~:as 

equally desirablc that it wns difficult ,which 

Program C, in .which all the. gates move;together, t-as fin 

ed for adoption, largely bccausc Of simplicity. This ~is the ar- 
i 

rangezon~ therofQro "~.'hichwilllbo used in casolit is ccessary to 

discharge '~:dtcr over the spillways Of the Bou1~n~ ~,~ 

ures 61 and 62 In!iBook 3~ 
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P L t* 1" E 1~7 

B I'IS~.~,ARG'.,: 120.000 SFC.F 7 

GATE O P E R A T I N G  P R O G R A M - A  
G A T E S I A N D 4  ARE 5 FT  ABOVE G A T E S  2 A N D  3 

LOOKING U P S T R E A M  



A -  DISCHARGE 80.000 SEC. FT. 

B-DISCHARGE t20,000 SEC FT. 

C-DISIZH~I~G[ 160,r)00 S~  rT 

G A T E  O P E R A T I N G  P R O G R A M - A  
G A T E S  I A N D  4 A R E  5 FT. A B O V E  G A T E S  2 A N D  3 

L O O K I N G  D O W N S T R E A M  



I 

} ' . '  " ; ' , .  " " • , i : -  , ' . -  - " :  ' " 

: . .  ": . . ,  [ ' : !  . .. - . . , . "  . . .  " . : - . . . . . ' .  " .  ". 

k ~ 

P L A T E  IIg 

4 

A-DISCHARGE 80.000 SEC.F'r. 

B-DISCHARGE 120.000 SEC. FT. 

G - D I S C H A R G E  1 6 C . [ 0 0  S E C .  F T .  

G A T E  O P E R A T I N G  P R O G R A M - B  
U P S T R E A M  GATE 5 F q .  ABOVE G A T E S  2 ~ A N D 4  

LOOKING U P S T R E A M  



PLATE 120 

J 

A-D ISCHARGE 80.000 SEC.FT. 

B-DISCHARGE 120.000 SEC. FT. 

C-DISCHARGE 160.000 SEC. FT, 

G A T E  O P E R A T I N G  P R O G R A M "  B 
U P S T R E A M  G A T E  5 F T  A B O V E  G A T E S  2 , 3  A N D  4 

L O O K I N G  D O W N S T R E A M  
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A -  D S C H A R G E  80 ,000  SEC.FT. 

B-DISCHARGE 120,000 SEC. F'I: 

C-DISCHARGE t150.000 SEC FT. 
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PLATE !22 
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A -  D ISCHARGE 80,000 SEC. FT. 

B-DISCHARGE 120,000 5EC.FT. 

C-DISCHARGE ;60.000 SEC rT 
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