
i 

t" 

' j 

L~ ~IT~D STATES 

DEPAR.~T OF T}~ INTERIOR 

BUR~AU OF Pc~CLAMATION 

~MORANDt~'~ TO CKIEF DESIGNING ENGIN~R 

SUB3-ECT: REPORT ON HOOVER DAL~ SPILLWAY ~ MODEL TESTS 

FORT COLLINS LAEOPJ~TORY - FULY-NOV. ~" 1931 

by 

R, R. FO%I~DOLPH, JR., ASSIST.~ ENGINEER 

Under direction of 

B. W. STEELE," i ..... CIVIL ENGI;'I~R ON O~;.~ 

TECI~'~ICAL I,.,~,DRAHDUM NO. 281 

Denver ,'< Colorado 

November, 1931 

~/ 

, ~._ ~ r,. ̧ !~ 

< 

3 

[ 
r. 

! 

T 

i 
| 

I 

B 



SUBJECT: 

UNITED STATES 

DEPART~.I~.T ~bF ~'~-RE ' INTERIOR 

BUREAU OF RECLAI$1TION 

? ,  

G d~ 

• i 

Iv~MORA)~UM TO CHIEF~ DESIGNING ENGINEE. 
- ! 

• tt~0RT ON HOOVER/Did,~ SPII.&WAY MODEL.TESTS 

FORT COLLINSLABORATORY. JULYq~OV., 1931 

I, 

] '  

. i  

by R. R. RANDOLPH, /R., ASST. ~gGIN~ER • 

_____j • . 

Undev direction of 

B. W. ST~LE, CIVIL ~2~GIN~EER ON DA~:~ 
c 

TECHNIC~'~L ~ ' ~ O R A ~ . ~ , ~ :  NO. 281 

Denver, Colorado 

Nov., 1931 

i 

x, ia 

• " J 

7-I.~" 



i 
I ̧ . 

2 

. 

' • " i ~ 

DRy! GAT2 DESIGN " 

. 4 .  

sZDE ~N~EL spIr~, , ,~Xi,  

Tested August-Nov., 1931 

I 

Z 

,i 

t 

!. 

i, 

~° 

~2 

t~ 

I i " ~ L 

~ i ~ .  ~ 
r 



• 8 

Pho~ograph 
Number Page 

/, 

2-A-O 27 
2-A-I 27 

6-A-0 27 
6-A-5 27 

9 -A-0 28 
7 -A -4  ~8 

12,-A-0 5 
I~-A-I 5 
13-A-5 5 
12-A15 5 

I3-A-O 6 
13-A-I 7; - 
13-A-2 7 

~4-A--0 9 
24-A-I 9 
~4-A-2 9 
~4-A-3 9 

~5-A-0 ~.9 
25-A-4 29 

35-C-I 16 
35-D-6 16 

Z8-A-.0 I0 
38-B-5 I0 
38 -A-I ii 
38-B-i II 
38-A-3 ii 

41-A-I 19 
41-A-2 Ig 
41 -A-3 18 

Description 

: MODEL NO. ~I. 

False floor normal ; to: back; side. 
Dentated::Sill against ;Crest face. 

False floor normal ~to ba~k: side 
with no sill. . ' 

Offset • Ledge in channel ~ottom 

As designed" 

EndGate:and Last Sixty feet 0f 
~rest blocked :off. Weir across 
end~ of thermal. 
MODEL NO. 1-i 
Diagonal oval, hanging dentated 
baffle and various height weirs. 

Right chainel wall pulled in 
ms d weir across end of chennel. 

MODEL N0. 2. 

As designed with diagonal over- 
hanging dentated baffle, 

MODEL NO. 13. 

As deslgned >, 

ok 

MODEL N0.14. 

As ~esigned 
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43-A-0 
43-A-I 
43-A-2 
43-A-3 
43-A-4 
43-A-5 

44-A-0 
44-C-I 
44-A-I 
44-B-I 
44-A-3 
44-B-3 
44 -A-4 
44-A-5 

.52A-0 
52-A-I 
52-B-I 
52-A-3 
52-B-3 

17 
19 
19 
18 
18 
18 

20 
20 
21 
21 
21 
21 
20 
20 

13 
14 
14 
14 
14 

53-A-0 15 
53-A-I 16 
53-B.I 16 
53-A-3 15 
53-B-3 15 

54-A-0 25 
54-A-I 25 

L~0DELN0. 3-A 

As designed, 
i 

As designed, with dlagonAllover- 
hanging~dentated Safflealongthe 
bottom. • 

MODEL NO. 5 

As designed. 

Asdeslgned with dle~onal over- 
han~Ing dentated baffle:along~the 
bottom. 

As deslgned, wlth. dentated 
buckets along the crest face. 
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H00V~q~, DAJ~, SPILLWAY:MODEL ~TESTS ~f " : : " .~ 

) , - 2 , . . D ~ ' A T = T H E  . . ,~. . : , . -  

, /  t : ~ 

HYDP~tULIC L&B0.~<20RY OF THE COL0~AD0 ,'A~ICULTURAL ~2- 
COLLEG~ ~T FORT COLLINS, COLORADO .< ~I 

. . . . . . . .  ~ i [~: 

August, September, October and November~1931 li 2 

Submitted-~by R.R. Rand01ph:!Jr. , i -  " :~ 

The characteristics of this~deslgn may..be:.seen :on:..-Plate } !~! ~:. 
Y-'. ! which shows the first model set,up. ~In.aii thetests i~/I 
:"_.~ ~rest and side channel...relation~:remalned:.the same but I . : , ,  ~. 
.¢~.~.=r.~_l different designsof the ~tunmel,transltion..were i,trled. i .  ~ :  

• ,?'no model was..built' on a I:60 ratloor :a scalei:of/l"~ion !i " ~" 
;he zodel representing.!i5 ' •.on'the prototype. .Thls,gave :four 
~--~_~ gate. openings o£/"20~ inches~ each: 8ad'.a.-eide.channel ...trough ~I :ii ~, 
~-.:r.zzimately 9"inches deep at :!the; upper end and:,~ig~Inchesat i:. ~ 
v;':~ !ower end. The crest and side:.:channel Were i constructed~:.of, i!! 'i! 
:,:~f frames, covered, wlth galvanized :iron The .transition " to 

:-~ .unnel was made by ~,,--nning laths:~ ~between: collars, at .various _ I 
.~.~ :;ions, and.plasteringover themwlth a'mixtmre .of~qulck ~ ~' ~. 
..... ~ cement, .llme and sand. •,The. circular tunnel, section 
"-'.-~L:= was made-of troll.so-_rent , pyralin .tubing :lO..•inches ;in 
~i~_z-~tsr, which after. make' ing a vertical:b~end of ~ 50/degrees, ;~ !: ~i 
r= into a section, of cast iron pi~e~:in which-,.he:hori.zontal . - ~"!'!i 
": ~. :i of the tunnel ~as. accomplished. .~e.'top ~. of this: Pipe ~as 
cu; away as much. as possible to: obtaln.-a'~view . of the Lwater flow !~- [ ['"~. 
~:.'-'nd the bend. -. . ';~ I I .~: 
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The head of water over the, crest was :approxlnmtely~5 Tinches 
at the m~ximum flow and was measured by~ means..-0f, a float gage ~In 
a well connected to a~plpe that ran out in front 0f the crest 
about 30 inches upstresm:therefrom. . :i " . ~ ..-. 

The maxi~mm flow over'the model was about '7-1/2.cublc ~feet 
per second and was measured, by means of aitwoCfoot. Cipollettl 
welt, prevlously volumetrlcally calibrated :~n~ posltlon, 
upstream in i%he channel of approach +to .rib "~rest. :;located 

The Cipolletti measurln= welt w ~ ...,.'~L~__-... ': : 
: ~ ~ o~r~a ~ror 'ail~ out ~the 

lowest flows as the forebay:was backed: up 6[er/it,;'due i to!~placlng 
the model crest too hlgh)in~the tanks.' ~hls(introduce'd a roba 
billty of error in the - ~ ~ ~,~ ~P" " 

flow m~a~urement, ~ for i.~al tioug h/the ~.~:welm 
had beer~ e allbrated when~ submerged the:measurements were.not i 

made at. exactly the range used in,theimodel ~tests', aid ~the i 
quantities had to, be taken fromlexterpolated,: 6alibratlon,:curves. " !: 

The difficulty was caused by the unfamiliari~ty,:of :the!:Denver 
0fflce, where the model was designed and constructed, ~wlth Lthe ~ 
Laboratory set up and could have':been:overcome by iowerlng:the .... ii 
model crest. This meant practically" reconstruction Of !the 
model and, as the co-efficlentIlo0ked reasonable, ~It was !~ ~ 
decided not to take ,the !tlme: for the :alteration. As stated 
above, the modelwas built(in~ D~nver and shipped ~to FortL.Colllns 
by truck. The first model was ~'eceived at-theq]abora~ory on t 
August 7th., and:installed by:Augus-t;8th. ~ 

The main object of the:eroeriments was 'to•'develop~a~.desig~ ,- 

t h a t  would carry the water :do-,~ the tunnel,'wlthout completely 
filling it, in as smooth and stralghtil~ne flow .as:possible. 

The principal e~zperimental methods followed 'to accomplish " ~-~ 
this were: 

~-~ 

I. By Blocklng-off Transverse Flow from Crest ~at 
the Transition Entrance. 

A. By blocking off ithe ilast 60 feet, of 
the crest and wlacing a 60 foot gate 
on the een~er.line of the'channel~:at 
the upstremu end to maintain the 
capacity. 

Test No. 13. Compare wlth Test No, 
28 to show similarity of aetlon to 
Be 
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B. By moVing ' t h e  Transition ~Entrance 
60 :feet. downstream. 

Test No. il6: •compare ~ith Test .... : 
No. 12 which Was made ~:on !.the ~ 
original desigh. . . . . .  

II. ;By Placing ~a Weir across the ~Lowor End ~ef 
the Channel. 

A. To create ~a dissipation~pool :and overflow 
crest that would level 6ff !.the water sue'face 
at the Transiti6h Entrance. 

Test No. ~24 shows ~the ~:effect :of the 
different height' weirs. ~' 

Test No. ~28: compare ~ w~th Test No. ;IG 
to,show the effect :of the~w0ir~on the ~ 
channel ~water surface. 

III. ByUse of Weir and Offset ~inLTunnel.Entrance.~\ ' 

A. Offset to prevent high-velocity :along the 
crest face :and fill~in water surface " - ~ ,  

depression there. 

1.. With~:a ~701foot width welt and ail0 
foot offset. 

~:, 

Test:~3: compare with ~Test 28 to 
show the effect of offse't and weir. 

2. With a ~;0 foot width weir m~.d a :l~ 
foot offset. 

Tests 34 & ~5: compare with Tests 
4Z & 44 which have about the same 
water • surface elevations. - -~ 

,, . : ~  ~ : .  ~ , .~ .~  . ~- ~ . L , J . ;  ~ ' ~  . 

IV. By Giving a Flatter Slope to the Transition Floor. 

A. To check high velocity fa~l :and level off " i . ,  

surface. 

T e s t s  43 :& 44:  :compa~.o w i t h  T e s t s  
41 & 42 w h i c h  wer~ made on s i m i l a r  ~ 
transition that had a steeper floor 
slope. 

Also Tests 54 & ~5: co~p~e with 
Tests 52 & 53, 
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V. By P!adlng ilBaffles along "Channdl .Floor or ~on 
the :.Cres~ ~Face • 

A. By impact and:reverslng "%he :flo~, ito '~ 1 
dissipate th e energy Of the)overflow . • ' 

from :the crest• - " (i~. 
:Test 44: ~compare:wi:th.Test ~5 I, 
whi Oh was made .without :baffles ~I 

B. By creating 'two,opposing •:rolls %0 
dlssipate the energy • of overflow. ~' 

Test 54:'compare ~with ~'~Tes~ ~52 
which was made without :baffles: 
"~compare with iTest ~44 %0 :check 
flow conditions -in ~%he ~ channel. ~ 

J 

I" 

i 

, MODEL NO. )I. 1 

: The layout of the original design ,is shown on ~Plate ~No. ~i,~,~ ~ • 
It will be noted that the roof~of i%he transition~on '%he Model ~ 
i~ left off for a.distance down so that observa~ions~,Jof the 
f1ow, could be made. The acti on of -the flow ~down .the' :tunnel, _ ~ ::'~ 
as observed here, whether it was~symmQtrlcal or not, ~and ~the~x~ 
extent to which it filled %he tunnel,was the main ~criterlon ~" 
for judgment of the worth, of the set ~up ?ibein,g ites~ed. It !is 
regrettable that no satisfactory !pictures ~cculdbe ~obtained 
of views do~tn th.e tunnel, due ~to !Inter'~erence ~,o~ :the ,framing 
cross pieces and the lack of)llght. The ~ccompanying ~plctures .~ 
show the conditions existing in ~the .channel,~and only ~£ndlcate 
ina general way+what is~happenlng down the~mtunnel. As a 
general:rule, the more level the water surface at -the ilower end 
of the channel, the better the.!flow dovm the •incline and the 
comparison in this way.can be made of many of '~the ~photographs. 
In ~the following. Pictures o f ~  Model No. I deslgn ~ the~,piling up 
of the water against the right side wall will :b~ not~i~d ~ivin~ 
an unbalanced water ~u~ace which ~uroduces a whirl ~d ~tends !to 
clog the flow do~,m the~,tunnell Water surface ,~,,~\~.~^ 
in the channel and down~the :~transition are.s ~----- -<'-- .~ -, 
• In the appendix. ', ~v~n -.on ~urves :~o. 

- D 

t ~ 

, p 

...:.., 

( i/ ̧   k:i. I ........... : 



i 

• - - .  r" • 

.[. 

4 

i 

7 
+: 

+ ~ +  -+-+- -~- '= : - .+ , . .+  .m-+ 1•"+ i : ,, 
+ [~;~ +',+<L" " ' + - . , "~ '  + : t  <'  

• + ' ~ . .  ' . ~ +  , ~ - - ; + :  h ,  17~  

, t - k  ~.+: "-+~+~.+++, ......... " '~+ - ~"-+!+;y~ 
' i . .  " .+ + ' 4 . ~  " ~:::;,7+'. 
i f" 
+ . " ;;:+ + " 

. ~ i. i " " r . t ; j  L'~ i 

• . .  ' %  .7  " 
I \~ .  : - I  ] . <+ 

+ !t + 

, j j +  • 

• .. . , • . .  , , , + ~  . 

• . ~ , , ,~ !  ~i: 

-i 

:+ 

.+..- 

7 

[ . 4 ,  

i 

7 

t: 

,# • 

.,~. 

., 

t 

.. 
-.:.. 
.!- 

;- 

) 
t:.,. 

+ ; . -  

,, + . 

i 

:+. 

7..r. : " " : :'::~:: 

• , +. 

Set up. 

W ~  : -  

, , , + .  

. . . .  

" + . ' . .  i++."+.  . . . . . .  ' , ' ; . + :  "~  

...+ 
, % .  

1 . . ~ - ,  , . . .  

++.+ + ~ . . +  
• • .,-+ . • 

:},' i : ' ( "  +<+'""::: " + 

I i  i +h , +. +-+~'~ . ° - .  . 

! ! "- ,,. ' . , ~ .  • - . . "  ,.+ . :  .+. .  

7~ 

. o  . :  

i 

6 ! 

+.++1 

: , ~  r ~ " , + , .  ~ .. . , , +t 
i~ ~r{ ' . , . . 

: '~, . . '  - . . . . .  ~" : ' - ' "  . . . .  - + " " t " + + " {  ' ; ' ' +  7" ' +  {+" t 

; - '~ ,  , i  ~ + . ' . .  ~ , • . - : ~  . . . . . . . . .  ~ , ; - . . . + ~ 7 . ' ,  . :-" ' "  i ,~ '  . ~ '  , ' | '  

~.~.~ ' .. ~ ,-  . . . . 
. . . . .  t ~  + +~" . . . -  , ~, + -C  + '  ~':~" ' 

,? 7,-~ " , .  ,. %% ' ( " ,+ " t, [ , '  . 

"_{7 

Z.'+ ~ • .. " ,  I+,.. 

:;+:: . . , #  ' ' i - 5 " " : ! ' + 7  

7 . - : "  " o , •  

t 

. . . .  ~ ,, . • +.+ < 1  .< + < , 

Flow '40 ~000 h .f.8. 

| ,, 

j . i  ; ;  , :,:+ 
s " - , + + .  . , - , , . , , +  

h 

+ , - <  " " ; i ' ,  

. "~+ + "%,+ " " .  " " " i 2  '~ . 

i . .  +'.," + . ; .  " ' .  . ; . ~ :  . . .  ". ' . . " : ' +  ;41 ' 
1 i +' 't ' ;+++,:<+. ~ . - ; .  " ,  ' . . ,  . . ' 7 ' ; ' - 7 ' ' : . L  " " ' t 'L  '~ ' :  
i '$. " 7 " . : '  ++~'>'. +" "+ +"  " : ' "  . ' ' { : "  " ' "  '~> • 

7 .  ".". ; . . . ,  . , . ,  , + : . . -  • I 

t 

::7 {+ :' ' < : ' Y  ' : '  :+'" ' 

- - . . . .  : ; f  '+ 

i4.,, 

, .  : : .  +'-:: , _ • 

+1' t 
L: .  : 
~,... : ; 

~!+ i 

:I 
+i 

,| 

<! 

il 
I 

.+ .. 

::.i 

m ! ~ 

;t ~C 7! 
.i : 

1 :)i 

! Z 

~ Z 
i i { i  m 

• I i '7~ 

I 

.; 

~., • Flow 120,000 c.f.s. Flow 2,00 000 ^.f 
+.. , ,. ":'<" ,; , . ", " "" :" : '. '," '.+'. '.".',:' -' ";. :-'+ 'y;'; [3, .'? . ,'<, .. ,~7,y . .. ~, ,. ,y ~+ . . ,, ~. . ,, . ~ - ~ ~ - ~ 7 ~ .  . ~ ~ T f  - 

. rT'•m+ 

" ' ' i  



8 

It was thought ithat if':a.length of*channel was :allowed .. -. - 
below the crest, the water surface 'would 1~ave more chance to 
level off beforc going dm,m the tun,,~ml. ~T~is oxtension*w 

cli, n. t0 the t  sve se n ' & . ,  . . , ,  ' 

To test the i~ea, the •last Sixty~feet ofliimthe',cres t was • 
blocked off and .in order rtO maintain the s~ne~apacit~, a~gate 
sixty feet wide was.cut 'in .the upstream end,of ~'~he ~channel :as ~ 

sho~m in Photograph 13~A-O below. This mate riallyilmproved;the 
flow s s anticipated, and to apply the/idea :to-the ~original, deslgn 
the tunnel transition.was move~d sixty ifeet further:do,-rnstream 
from the .:last gate as shown~on~.Pla'te - No,~!2, 

The Pictures on !the-following page ii'lluStrate' the :flow fin 
the set up with the end gate and :the,;l~st S'ixty:'feot-.of :~the crest 
blocked o~f, but in t11is instance :ithere was .also~a~.~O fleet weir : : : -  

installed across the channel a~ the 'lower end ;(discussed ;:la~er); 
Thi s test may be likened to ,Test ;~81, L'in "which -~he same height 
of weir was used in the :channel aftbr the transition:bad,been 
moved sixty feet dovmstre&m,:~in ,.order* to :show Lthe ,simi~larity 
of operatlon,)between :t~is set ~p ~andr~ode 1 1-A. See .cux-ves -in 
;~ppendix. " • . ~, 
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"~/~ODEL NO. 1, 
With End Gate m~d last O0 feet of Crest Blocked Off. 
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To obtain .the same e f f e c t  as blocking off" the f low from .the 
last sixty feet of the crest, the Tunnel Transition'Entrance was 
moved sixty feet downstream as sho~m on Plate No. 2. The photo- ,;, 

graphs of the flow in the channel for this set ,up ' showed ~so little 
variation from those of Test 12, Page 5 that they will not ibe 
included here. It ~las hardly ~ossible to disce~ul a difference 
in the pictures and to tell what was actually ihappening to the 
flow do~,rn the shaft. It is more readily seen, from contrasting 
the water surface curves Nee and in the appendix, that 
there is a leveling off and greater 'depth of +the water surface 
at the lower end of the channel, which consequently resulted in 
a smoother flow down the transition. This greater depth of water.• 
in the channel for the same quantity of water flowing was only 
at the lower end and did not reduce the co-efflclont of discharge 
by creating a submergence of the crest. 

~te extension of the channel below the spillway crest was . 
considered extremely beneficial, if no~ absolutely necessary, 
and was therefore incorporated in most of the setups following. 

I 
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And also, as the increased~depth of :the ~water •:in•~the 
channel seemed advantageous, the idea was carrie~ further " " " ,~ 
by trying weirs of various helght across itho channel at 
the lower end. This created a pool ~ ~In w1~ich some of the 
energy of the spillway overflow was dissipated ~an~ the wei~ 
afforded a barrier which tended to smooth out :the overflow 
from it. ~ 

• The effect of the various ~hoight weirsmay ~be ~seen .in 
the following photographs.~ Although this ~set up'had a 
dentated offset in the channel~floor •(dlscussed later)~, ithe 
smoother flow, in comparison, at the tunnel e~trance is 
caused by the use of a higher weir. iCompare ~to!Photograph 
12-A-5 on Page 5. 

Test No. 28 Curves Nos. in :whlch a GS~foot ~weir 
was installed across the channel at ~the lower end may be 
compared to Test No. 16 Curves Nos. w~ich was made without 
a weir to mulxzk note the effect ~of the water surface. The 
increased depth in the channel caused a submergence of ithe crest 
at the upper end ~hat would necessitate a rise of 0,5 feet in 
the forebay level to got the maximum of 200,000 c.f.s, over the 
crest. 

Water surface Curves No. of this test !(No. ~24)show 
the action of the higher weir. Althougj~ naturally the water 
surface is higher over the 30 foot weir than the others at 
the entrance, further down the tunnel the water surface from 
the higher weir is below those of ~he lower weirs, showing 
the tendency of the flow over the higher weirs ~to flatten 
out dovm the incline. 
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~'DDEL NO, 3. 

It will be noted from the photographs on Page 9 that 
• there is a depression in the water surface on the crest side 
and that the bulk of the flow seems to be devon the right. This 
suggested an offset in the cento~ line of the tunnel which would ~- 
pro~ect the end w~ll from the crest face. The projecting wall 
tends to, check the ~locity along the crest face, fill in the 
depression and raise the water surface at this point. A layout 
with the combination of a 3o ~ foo~ weir located 60 feet d o:'mstream 
from the end of the crest and a l0 foot projecting end wall as 
shown on Plate No. $ was built and tested. The following photo- 
graphs illustrate flow conditions in the channel. 
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,; Itwill b~ noted from%helphotographs on,Page.9 that 
t} 3re is a depression in the water surface,on,the:crest side 

that the ,bulk.,of ,the flow, seems ~to,be down ~the right. This 
suzgested an offset in the 
r ~, - cente~illne.-of the tflnne ~ • P ~gJec~ .the .end wall fr~, +~, .- - i a h z c h  would- . / -  , 

tends to.~ check t~ ~---';J'~-'~cres~kface" Theprojecting w~ll 

. . . .  and: raise"~'uc~Y::the .wateral°ng zne ~:crest ~ace ,-,fill .in the ~.' depression 
surface ~at th" . - wi'th the combination of~a ~e,-~_~ .,.~ _ . Is point. A layout ,- 

from the end o ÷ ~^ --"--,-,,,~.uu~.~.ezr~locared 60 feet d .... ~ .... .. 

~ .... ~ ~uo~ [projecting end wall as 
sho.-rn on Plate N o .  • ~,,was ,built and L~est4d. The ,.following photo- ~:iI ~" 
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It was seen that,.considorable seving:in•the 'cost:of 
construction could be made if the original forty foot width 
of bottom could be held, In'the set uo for Model No.;2, see 
Plats'he. 4, the original design of the tra~sitlon, With , 
respect to width, was slid up the rlgh~ wall to give a weir 
and offset as large as possible Without backing the water 

!. • a 

~_, N o t e  t h e  excepttana~. . . . .  - _  ° ~" 
~ne maximum discharge a ~ e f m ° ° ~ ,  f.low.~nto the tunnel at ~ 
the incline  the v'as 
roof clear, with onl' an ~ ~A~°a~ne'°°t~qm'leaving !the ": i~ 

! 
setup gave betterflow:condltions~down the i :" 
any yet tested but ~^~^~ ....... ~ ~tunnOl m, tha n 

b ~  ~ne wa~er~ up fin ~the: channel ' 
causing a submergence~of the crest that~reducediits capac'Ity. 

1232 to Pass the 200,000 c.f.s. ~C°nsequently~in the~fln • !~ " 
It would recuire a pond 0.60 feet abo~e the no~nnalElevatlbn : ~ ~ ' 

i~,8 d;:e~ ° P ~ i i t  ° ~"dat e , "~the . . .  '~/! 
- 't i n s p ~ ng !:the : weirdO.at- ::I !i the entrance at Elevation ll40 S , 

the lower weir decrease~.~- , ee Model:S-A. The~use of ~: 
- ~ submergence :i on ~the ..-crest .~ and /~ 

increased its capacity, w ' h°we-ver' wasin°t)yet ~iquite up to the maximum required hlch l i~ 

• ~zs was la~er 0brained:by,an ' ~! ,~:. 
discharge, 

.. It Would seem that the~higher the ,Welr,:the smoother the ~,. 
~low over it, and it is the belief of ~ h e  w~z~ter that :the ~ v. 
elevation of the channel floor at ~the upper end could;be ~ ~I~.I 
decreased, even dropped to make •the . f l oo r  :leve !, ~to _ cut ~ # 
down the submergence on the crest and a)~higher weir used ' - ,~{i 
which would result in:~mproved flow condltlons. 

By " " , .~ , ' ,  ~i ! 

28, the effect of the:offset in th~ tunnel can ~' 
-Of Test comparison With~the water surface cu~es Nee. - . . . . .  

zght rise in water sUrface ~espscially against ~ne cres~ race wasnoted. ' , T h i " s .  ~"- 
the capacity o " ~  .... - .  . ~ h o w e v e r ,  did not~de - • ~1 ,~i 
~ e n d e d  to level .... o ~ ± w a y , b u ~  t h e  rise on.+.~#~ , ^ c r e a s e  i: / ~. 

off the su-.~£ace which "was beneficial. ~ !~i; 

Comparison with Test 16 may..be made.to, show the:beneflts ! ~ 
obtained from the use of a weir across the ~lower end clothe :~ 
channel. Compare Pho~ographs ~ ~8-B-I on Page ~ll:to 12-A,5 -~ on Page 5 .  -- ,~: -, 

~'~ 

MODEL NO. ~2 ~ i;~. 

It will b e  noted that in the set up just dlscussed above, . ::il 
• , i~ ~ see Plate No. 3, the weir was raised across the ~end of the i !~i 

channel, making a length of seventy feet along its :crest :and , 
t.he transition narrowed into the tunnel:from this~width. .:~ 

h~ 

&. 

[ ;  

I ,4  
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over the crest and euttlng dovrn ::the caoaeity. ~.Photographs ' : I: ii 

of the flow, some of which were.;;ta~en when adentated~baffle . : 
(discussed later)' was : installed in ti!o ":channel ; . .8 . re  ,,.sho~w~mon - ";~ i ~  " . i  
the following pages. The ~imp_rovemsnt made by~'the~ use:~of !the " " -: ."~ 
baffles was very marked in .this set ulo~:as seen by:comparlson . . . .  
of the photo,graphs~ . . . .  ~-x :: .... ' ~ i 
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The flow do~m .the tunnel with this sot up was a shade i i  
less desirable, :~illlng the shaft more than in the 'final 
design (~,~odel G-a), but appeared .to,be satisfactory. With 
the dentated b~fles set :in along 'the ~£1eor, conditions of 
flow were about as good as any we lobtained with, any.set up, [I 
although they caused a-hlghor.water surface in the Channel i 
that cut the co-offlcient of discharge down from 8.64 ~i(requlred) !'i 
to ~.57. The alteration made to the ,crest :later., however, 
would allow thisvset up to pass the :required-cuantity. 

Comparison of these tests can .be ~made with Tests 4S~&.4~, i 
Page I~odel $-A to check :flo~ ~actlon ;in ,the: designs :uslng 
different weir 'lengthS. From the photographs :there seems~to ...... 
be little choice according to the behavlorIn!the channel, ..... 
although for ~,.:odel ~-A the flow do~ the tunnel transition 
was a bit more satlsfaetory. 

I~.0DJ';L NO. - 3 " A .  

This set up produced the best flow conditions of any yet 
tested, t-:ht is, without cutting dor, m :the spillway capaclty 
by excessive submergence of the crest, and incorporates the 
2ost beueflclal features of ;design developed by !the investigations, 
l.e. ~. !~he weir located downstream fromthe end of the :spillway 
and t~e offset in the tunnel entrance,-as well as the flatter 
transition floor parabola discussed :later. .. 

With the baffles in along the floor of the channel, an 
improvement in the flow down the tunnel was noted, esoeclally 
at the lower flows. * 
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Compare these pictures ~with •those of~Test ~38 Pages l0 ~& i I 
in which the same set up was used except that the weir was 4.8 
feet higher, See Plate No. :3. There is seen :to be a marked Jlm- '~ 

@ 

provement in flow condltions in the channel, according to :the ~ 
photographs, in the set up ~with the weir only slightly i higher, 
but the apparent decided difference was not manifested "in greatly 
improved flow condltions down ;the tunnel transition, :although 
there was some impzovcment noted. ~The ~use of the higher weir 
is in the right ~direction but as ,previously stated, Lthe set up 
for I'oodel No. 3 necessitated aforebay elevation of abGut 1232.6 
to pass the required 200,000 c.f,s. With the crest alteration 
made later, however, it was found ;that the capacity would be 
amply carried, if no baffles were used along the •floor, :and 
would just pass the required flow @ith them installed. 

MODELNO. 4 

E1e set up for Model No. 4;~is shown on Plate No.:5 and 
differs from Model No. 3-A,~Plate No. 3, only in the slope of, 
the transition floor, whic~was>steeper £or this set up. The 
pictures of the flow in the,channel for thismodel do notdlffer 
from those of Tests 43 &44, on Pages 19, 20 &21, enough ~o 
include here. 

J 

i • 

The water surface measurements are included in the appendix. 

~e flow do~al the tunnel for this set up was not as 
satisfactory as in Model 3-A, •tending to s~lashmore and fill ~he 
shaft to a greater depth. It was indicated that if the jot could 
be supported to a greater extent, that is, if the inclination of 
the shaft could be made flatter, better flow.conditionsdown it 
would result. 

MODEL :N0. 5 

Model No. 5, Plate No. 6, differs from'Model No. 2, Plate 
No. ,~ in that the ~loor slope of the transition~was :made f&atter 
to check the result of the ~endcncles indicated in:the :tests of ~ 
Models 3-A and 4 - that to lessen the abruptness of drop into the 
tunnel would be beneficial. The result was scmewhat disappoint- 
ing as very little imp~'ovemeflt in the flow do~ the :tunnel over 
the b~odel No. 2 set up ~'~a~ apparent, and the conditlons of fiow 
were still not as satisfactory as those of I f.odol No. 3-A. 

It would seem that the hlgh weir does the work, the higher 
the better, which feature is the outstanding difforbnce between 
thi2 model and Model 3-A. 

i 
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Photographs of flowLin this set up differ little from%hose 
of Tests No.~34 & 35 for I~odel No. 2, Page 16. iPhotographs of~ 
the maximum flow Will be found on Page ~16. 

Water surface measurements curves~Will beTound~in:the. - 

appendix. 

B ~/~FLES. 

Numerous and various types of~baffles were tried Lin the 
channel to check the velocityof the spillway overflow~audiprevent 
it from piling up along the rlghtwall,~produelng~unbalanced 
flow down the tunnel. ~ .... ~ .... ~ .... : .... 

Tests on some of the s'et ups will be discussed briefly 
later and only the two types ~ that gave the best results will 
be considered now. 

Sketch No. i, Page shows a dentated baffle ~ built along ' "  

the channel bottom that gave very good res',,!ts. ~Photographs 
52-A-0, Page 13 and 44-A-0, Page 20;illustrate the arrangement. 

This type of baffle is merely an offset ledge left in the 
bottom excavation, with overhanglngblocks ~uilt projecting out 
from it, and is quite feasible structurally/and economically. 

• In operation, the overflow Jet ~i~s ~reversed back toward the 
spillway face, causing greater depthof flow along that~side, 
which tends to level off the water.surface, withe,consequent 
smoother and more symmetrical flow do~m into the tunnel. The 
dentates allow an en~ll~ratlon of llow on the rigjr~LsidB that 
has very little transverse velocity to cause piling upon . the wall. 

The face of the~baffle or !ledge was~set diagonally out across 
the channel to give a deflecting surface~do~mstresm, tending ~to 
cause more flow~along the crest side. This also eliminates a 
tendence of the water in the channel ~to slosh~Lback~and forth in 
a regular recurring roll%that:~was noticed when the~baffle 
was set on the cen~¢~li~ See Test No. 17. :~ face 

. . . . . . . . . . . . . . . . . . . . . . . . .  The--diagonal baffle, a~ the~lower end of the channel, draws 
away from the weir face leaving a barrier across the full wldth 

" of the channel over which the flow is:syr~aetrical. ~(Paton6s 
pending - ~.:.'cConaughy & Randolph) 

Operation of the baffle at the different stages of flow c~Lu 
best be seen from the 4~ series pictures on Pages 20 &21 and 
the 53 series onPages 15 &16. At the lowCflow~of 40,000 c.f.s.~ 
the baffles are barely covered, but at 80,000 and~i~0,000 c.f.s. 
the beneficial flow results are beginning to be seen. Note the 

i 
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leveling off of the channel water surface and ~the comparatively 
smooth fl0w. Contrast Photographs 44-A,3 with ~51A-3 which is 
the same set up without baffles. ~Note in Photograph 44-B,3 
th~ straight line transparent flow at the tunnel entrance as 
compared to the turbulence seen in Photograph 43-B-3. 

At the maximum flow of 200,000 e.f.s, thelwater .in the 
ch~mel backs up on the crest to such ~l extent ~as ~to deflect 
the overflowing sheet of water~ovor the :baffles so that ~they 
do not operate as effectively.as at the lower discharges. ~elr 
beneficial action at th.~s high •flow, however, ~may be readily seen~by 
contracting photographs 43-A,1 and ~44"A-1. 

Another type of baffle, or means of breaking the energy of s 
the overflow, that gave very good results, is pictured ~i~ photo- 
graph 54-A-0 on Page 25. It consists of a f~.so'bucket located " 

rather high up on the crest with dentated openlngs one 
third the bidth of the block. 

The theory of operation is to create two opposing rolls 
that break the energy of the overflow. ~ne horizontal bucket 
blocks turn some of the overflow ou~ across the channel ~here 
it strikes the back wall and is deflected do;,~nward meeting the 
upward flow that passed through the dentates which had traveled 
to the bottom and up the back wall. 

The blocks must be set hi~1 on the crest in order to allow 
room for the reverse roll to fomn under them. This is somewhat 
objectionable at low flows as the ~Jet sprays off them to the 
channel floor. For about hell the length~of ~the crest, ihowever, . . . .  

there is a pool fomned by the iweir below, to :receive the impact 
of the overflow sheet. The pool rapidly becomas deeper as ,the 
flow in,~reases and it is only at exceptlon~ly~low flows that 
the bottom is exposed. It does not seem that the impact on :the 
floor, even if exposed, wouldbe greater than the impact on the 
back wall in the operation without the baffles. 

~S1e following photograp]~s mmy be contrasted to check fl0w 
conditions without and with the two types of baffles discussed 
above. Flow down the tunnel was materially •improved by the~use 
of either baffle, conditions being more favorable ~with the 

t 

baffle in the floor. See~photograplls 52-A-0 and 53-A-1 on pages 
13 & 14 for flow without:baffles. ,See photographs 53-A-0 and 
53-A-1, Pages 15 & 1G for flow with the fleer'baffles set in. 

F 
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Set up - Crest B~fles Flow 200,000 c.f.s. 

CREST ~-LTEB~TION. 

The spillway crest as first built gave a coefficient lof~dis- 
charge slightly less than than required to allow a flow of 
200,000 c.f.s, at a head of 266 feet over the~crest with~the 
set up as shown in Model 3-A. This was due Lto some extent to • 
the submergence on the upper end of the crest~butJas this sub- 
mergence seemed beneficial insmoothing~out~theflow in the 
channel, as attempt was made to increase the coofflclentLby an 
alteration to the crest. ~nis consisted of sliclng away the 
upstream nose of the crest on a~45:degrec slope as sho~wn on 
Sketch No. in the appendix. An Increase~of the doefflelent 
from 3,60 to 3.76 was obtained~from tests on the Model~3-A 
set up. A slight loss was indicated when the drum gates were 

• installed on the crest, as shov~ on Curce Sheet No. 

r 

i ' 

The use of the baffles along the channel bottom InMOdel 
3-A cause an increased depth of x~x water along the,crest 
side~ cutting the coefficent from to about 3.67. Which this 
coefficient the capacity is obtained, however, as the "C" 
required is 3.64. 

With the dentated buckets ulong the crest face, the co- 
efficient is not ~m~edx decreased perceptibly. 

, ' " I  

L 
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If the baffles in the bottom are not going to be used in the 
final design, the indications are that a slightly hi gJ~er weir 
could be used at the transition entrance, which would aid flow 
conditions dotal the incline.~? A test made with a false addition 
to the top of the weir in i~4ode]. ~-A, bringing it up to El. 1.144,8, 
indicated a coefficient of 3.70 ~which :is ample to allow the maximum dis" 
charge to pass. 

.j 

Or perhaps, the right back wall could be moved in at the 
u@per end raising the water surface, to improve flow condftions, 
but not enough so that the submergence causes a decrease .in the 
maximum capacity required. 

Tests up to Test .16<~were made with the original ,:crest; from 
Test 46 to Test 56 with the altered crest; and from,~Test ~57 on, 
with drum gates installed in the crest. 

The whole of the above discussion treats with the main 
alterations only, made during the investigations, and eo1~nents 
on each of the seven t1'ansition madels tested, but there were 
nttmerous and various ex-periments perfozned on each of these 
models, alterations in the form of false weirs, bottoms and <' 
sides and varied desiguls of baffles khat have not as yet ~been 
touched upon. -" 

Some of these experiments were good and gave vital leads to 
the development of the final design, some, naturally were in the 
wrong direction. In the appendixwill be found an entire list 
of the e-cporimcnts performed to date, arranged :in outline form. 
Data on those not included in this report m~y~!ibe round, in ,the 
Laboratory files "for. reference, if necessary. 

Following is a brief co~zncnt on some of the minor experiments. 
Sometimes it is as valuable to kmow what not to do as it is to 
know what to do. 

}~(0DEL NO. i. 
°~ 
.° • 

The picture below shows a false floor set perpendicular to 
%he back side. The theory was that this would raise the water 
surface on the crest side as well as direct the overflow jet 
against a normal surface on which the tendency to ride up it would 
be less than if the wall ~}as at an obtuse angle. 

The photograph of the :maximum flow shows that there was i~ 
! " little improvement in the conditions Compare with 12-A-5 on 
! Pa~-e 5. 
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Dentate• blocks were tried on the-floor, at positions, sgainst 
the back wall,, on the centsr •line, ~d against the crest Tace. ~e 
latter position givln~ fairly good l'esults, as pictured below. 
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A solid sill in place of the dentates was trled,,but .." 

the deflected jet created too much turmoil for satisfactory 
perfo~nance. " 

A plain offset in the channel floor on the right ,side 
as pictured below, smoothed out the surface flow considerably. 
With a dontated sill set along the front,edge, condi:tions~of 

' flow were even better. ~is,led to cutting the dentates in 
tile offset ledge itself and projecting the blocks out over 
the channel as seen in photogra~hs44-A.0 and 53-A-0 
marked improvement. " !i with 

With the shelf on the left or crestside there was not 
improvement in the flow discernible. 
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~[0DEL N0.1 

Offset Ledge in Channel'Bottom 
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MODEL NO. l'A 

A false rig~it wall was~placed in the channel, on 'the 
center at the upper end, and ~eoming t~ugent, to the original 
wall at the lower end. This, o~ Course, decreased the 
capacity of the trough and raised the water surface which • 
impl-oved conditions of. flow:down the tunnel. However, in 
this instance the ch~unel was narrowed too much and the 
subme-,'gence of the .crest was great enough to choke the 
capacity discharge. 

Indications were that the cha_nnel should .be made :nab-row 
at the upper end with a flatter bottom slone than the original 
design, or,in other words leave ,the back wall where it" is and 
flatten the fleer slope . . . .  

False side wall & ~'~eir atE1. 1145 
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Set up Flow 200,000 c.f.s• 
Photograph " ~ , 

2~-~-4 pictures aLmos~ ideal flow conditions 
at the tunnel entrance. 
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I~:0DEL NO. I-A 

A false right wall was placed in the channel, ~on ~%he 
center at the upper end, and coming t~ugent to <the <original 
wall at the lower end. This, of" course, decreased ithe 
capacity of the trough and raised 'the Water surface which • 

imps'eyed conditions of flow:down the itunuel. However, ."in 
this instance the channel was n~ro,.ved too ~mch and the 
submergence of the mrest was great enough to :choke the 
capacity discharge. 

Indications were that the 'channel should .be made narrow 
at the upper end with a flatter bottom Slope than ~the ori~insl 
design, or.in other words leave the back~wall where:if'Is:and 
flatten the fleer slope. 
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False side,wall & ~Teir at El. ~ii'45 
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Set up Flow 200,000 c.f.s. 
Photograph • ~ , ~-o~-4 pictures almost ideal flow conditions 

at the tunnel entrance. 
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TIT/STOHEY GATE DESIGN 

SIDE ~ CH;d,~I~L SPILLWAY 

Tested July-August, ~1931 
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UNITED STATES 
DEPAR~.F~NT OF TI~,'. INTERIOR 

BUREAU OF RF~CLAh.~TION 

Denver, - Colorado 
+September :28, ~1931 . 
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HOOVER DAI~I SPILLWAY:IvIODEL'Ti~3TS ." ~ ' 

STOEVEY GATE SIDE DIL~E~-EL DESIGN 

made at '~ 

the Hydraulic :Laboratory of 'the Colorado Agricultural 
College at Fort Collins, ~Colo. 

July -~August, 1931 

,.', R. : R. Randolph, Yr. 
I 

4 

One of the contemplated hesigns for the iHoover Dam 
spillways was a side channel :spillway layout w~th a ilarge 
Stoney Gate at t11e entrance to the,channel, detafls of 
which are sho'~;uq on PlateNo. :l. 

In July of this year a laodel of this design was 
built on a scale of!l ~ 60 or!l inch equals.5:feet, an~ 
installed in the }lydraulie Laboratory,of the ;Colorado 
Agricultural College at Fort Collins, Colo. -: 

-/ 

The scale proportions gave a model ~about:seven:feet . , : 

long and one and a Italf feet in height, ~,~he width of ~the 
Stoney Gate being one foot. For maximum,flow the.depth 

.q 

of the water over the crest wa.~ approxzmately itwo :inches 
and 'the quantity of water h.~ndled was around seven and 
one.half cubic feet per second. 

The model was constructed of wood ~ra~Ling covered with 
Galvanized iron for the 'most part~bht the accurate curie of 
the spillway crest was carved ifrom a block of wood, also 
the warped section of the channel below the gate was 
shaped from boards stacked up and screwcd~together. After 
assembly the model was painted with gray Duco where the 
concrete was tobe :represented, other parts being blocked 
out with a red enamel, to contrast for picture taking. 
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Representation of the rock topography ;in;front of ~the 
spillway WaG obtained ',by, cribbing 'up ~boards ~:of 'a thickness 
corre spending '.to a four foot.interval, ,w~ich ':were (cut. along 
the contour lines. 

. . . , . 

" The transiti.on'from the sloped. wall ~s'ide ,channel "to" 
-the circular ~-tur_uel • w'as shaped:between collars'~at ~.various 
intervals by~ wood staves LWhichwere then :'smoothed ~down, and 
pai;Ited'and "the outside :~,coated::'with a thick .)layer ::of .. 
paraffin to prevent swelling. 

. " 'Con'struction of the .model is :,indicate~d ~by:the" 
following photographs :: ' " " " 
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Completed model + "  

without contours. 

Igeasuroments of water flow were obtained ;from a ~two ~2oot 
Cipolleti weir which had previously been'tvolumetrleally 
calibrated in position, :locate.d upstream ;in the approach 
channel. Water surface elevations were , measured ', by means :of > • 
a polntgage, as,illustrated in t'he,following,photo::, 'I 
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Water. surface moasurementsby point gage ~ 
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Water surface'elevatlons in 'the forobay,, nnd ~pressures *.at 
various points i n  the .channel ,were obtained ;,by piezometer 
openings, ~looated as sho~ on ;Plate No. :I., which ,were 
coltuected by rubber"hose to,the glass tubes, mounted ~as " . : ; 
shown in the ~foli~.nin'~ photograph: - .:. 
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Investigations incluued experlments on: 

I. The Original Desi6n . 
,,% 

A. To check the theory, 
2- 

'l. Flow~ over crest i only. 

a. c -efflelent of discharge. 

2. Flow unde~ gate only. 

a. Capaeltyat ~various o enin~s. J~ : 

3. Flow over ~crest and under gate ~ ~' 

during rising flood ~'~ 

a. Observation and record of operation, 

II. Altpra ions on the Original Design. ~ 

A. To improve flow conditions. 

i. Placing dentated sill on channel floor, ~ 

2. Extending gate pier upstream. ~} 

3. Decreasing width of gate channel {excavation. 

4. Lengthening channel transition:. 

5. Extending end piers of the crest <upstr6am. 

6. False floors in c~annel to obtain data ~:,--~, 
for further design, ..... 
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• Flow overlCres~ 0nly. 

~e+flow from +he Ga'~o ~+as blocked ++ off, and various dlseh~ges 
up ++o a flow corresponding +o 2001000 e.f.s. 'were ~, 
%he some ~ ecordod. A~ 

: I m o  the  dolot|:l•L+:Of .wa*er o v e r  '~ ;he  c r e s l ;  w a  L" 
~hrou~h +Plezometer 'o~enin-- ;^-~+-~ .-- . . . .  s +measured 

.... o+, +++-++~ ~ps+roam :+£xororrom, and+a 
coefficient of dlsch~rge curve computed ((See:appondlx for 
all curves) • • 

lTa*or surface olova, iot~s were also ++~aken +In %he :channel 'by 
me~ns of +%he poin+ ga~+. . . . . . . .  

), 

o ° 

•+l i I~ will be no'~ed in%he followlnglpi0~--resu 
.~onds %0 +pile~up oz~ the far w~ll of ~he :cha~nel ~ha~'++~he~d :ride:down i 
+he ri~h~ side of ~he :+unnel. 

r}+;,-~+;+++ .,+,/~,, .-~+ ~.:,, .+. +, ~: ,. --~- -),-. . + ._ 

i ~'~/";~'4~+~i~/'" 44, :~  :~ '- :,7+: 
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F l o w  . o v o r . . c r o s t  o n l y  . . . . . . . . . . . . .  - . . . . . . . .  " 
DisCharge 55,000 e+f.a. 

Disch~ge ~200,000+ c.f.,. 
Pond El. 1232 8pprox. . Pond El." 1247 approx.. 

See also Pho~o@raph ll-i-5 on PaZo 15 
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Flow,~under LGate ~ 0nly. 

The crest was blocked off and the gate opened at . 

different stages with the pond kept constant at Elevation 
1232. qS~e discharge capacity,~of the gate Lxm at vaz'ious 
openings was plotted. Quite a vortex'was noted ~in the 
forebay ahead of the gate. ~, 

,,. . o, ,. 

It will be seen in the following ~plctures that the 
flow from the gate only is:of ~ligh veloci~y?~a~d;:straight 
line fl0w except for the component across ~the channel 
given it by the curve in thee transition below the •gate. 

. Photograph 7-B-3 below may be contrasted to Photo 
ll-A-3 and 9-A-1 ;to'~ll:A-6 :in the~<foregoing section for 
flow conditions of approximately ~the same ~quantity~of 
water discharging. 
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Flow under gate o~ly. 
Discharge approximatel~ 60,000. Pond at El. 1232. 
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Flo~t through gate only 
Approximately 190,000 e .f.s. 
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Flow over Crest emd under Gate. ~: ~ 

In this test rising flood ~conditions were simulated, 
that is, the flow was ~allowed to pass over the crest until 
thepond readhed Elevation 1232, where it was~kept constant 
by raising the Stoney.Gate until the full discharge 
representing 200 ,000" c .f .s . was reached. Flow quentities ~' 

-at various forebay, elevations~and gate openings were i 
recorded and observation of conditions caused ~by raising 
the gate noted. Loss ~in head over the horizontal excavation • ' 

in front of the crest was ascertained by ms~ns of a~row~of 
piezometers upstream nozmal to the crest. To check any 
tendency of the water to leap ithe floor,of the ~tunnel 
transition a row of piezom~ters ~were lucated along the 
center line and readings :taken at the various ~discharges. ! 
To obtain the vacuum under the nappe.over the" gate and ~also 
on the crest wall near-.the gate where the slope ,was steep, . .  

piezometors were ~locatod at these pollute a~id their ~read- 
ings recorded. 
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In the~+followlng picture (8~-B-G) the flow'+over ~:~" ] 

the gate may be seen, Zthe gate still being closed ~a% ~ 
this stage.. I 

When the gate is o~ened sli~htly;, ~however, ithero ~Is ~ ~' 
quite a disturbmtp~ .due ° to ~the :high ,veloci:ty water shootlng ,,! 
under6_A.101t. .........., as seth in +the f~llowins, -. ph0tographs. :6~B-ll,, ;and, "~ i 
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Flow over crest,and " 
gate. App~oxlm~&tely 
60,000 c.f.s. 

; !  
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• , 0 ~ ,  

Flow over crest and 
~under gate. /Approximately 
ll0,000 c,f.s. 

Pond Elevatlon,1232. 
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Flow ~over" Crest. and .under ~.Oate ~" o 
.Approximat e ly  ~llQ; 000. ',;, 

:~ e .f, s. iPoz.d ~EI. !;12~2,:"i - ~ :. 

As the gate is raised further, however~, the flow ,. 

from it tends to •counteract .the component, .of ~water 
~rom the crest, across~the,channel and sweep it down- 
stream, as ,se~)1 in the rfOllowing pictures. ~Itii~s ,on ,the 
sm-aller~g.ate .openings that .the~::disturbance ,~:i s -worse.. 
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%~%u~%-aus~ ~n ~nu ~rOllOwlng~plctures. It wil'l be ~noted ~In 
P!~otograph 20-A-5 :that ',the :flow from ~the :crest 'which 'amounts 
:to about 55,000 c.f.a, has 'Impartod a tuvist to the Jet and this 
is s u b s t s , n t l a t e d  '.by obsor.ving %he . r o l l  ~to ',the :water when :the 
entire flow ig passed over the crest as soen'~iniPho%o :20-D-6. 

~r . "- 

It would~seem~by t~e Pictures.that the ~tulmel was ,,running 
full, but =the main ~bulk !ipf/the water is :flowing :fin :abou~t ithe " ! 
lower three,quarters, the'water on top:~being:splash,,and:s~ray,;, i : i 
There is :less when ~the f~ow ~is through~ the,,gate:.onlyag :~0ted -" 
in Photo. :20-A.l. '~, • 
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The followingpictures ;illustra~e ~the :'action off,he 
water In the ~or~zontal ~bend ..of the :tunnol. /As ~muc~'~of 
the.model !pipe as possible :was cut!iaway ~to o~taln ~a ~vlew 
i~side. .The ~flow action remains practically the~same~Jfor ~ 
all flows, whether :coming over ~he \'crest :alone, or igate 
alone, or combined;, and for any ~y~e.:of alteration ~trle~d 
in the channel. :~It'(~lll !be ~,noted ~.that ~when ~he ~let :strikes 
the curve there ~Is a ;fold Of :water =wl~ich rides the ~top :of : ' 
,~he ',tube ~for a=ways ~and ':then ~falls :.back :into ~the ~stream. 
/By the ,time the water, reaches ;the end :of :the i,tunnel, :.the '~ 
~:surface ~seems fairly:level, .not ~qulte ~llling the:passage. ~' 

' " \\° °. :~ , il . 

"'~ Horizontal .Tunnel Bend, Looki'ng upstream ~:,~ 
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Flovt ove~ :crest 
'60,000 c.f,s. 
appro.ximately. 

Flow:over c r e s t  
a n d  t h r o u ~ l  g a t e .  
200,000 c~.s. 
approximately. 
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Alterat£ ons ~to ~Improve ~Ylow : Conditions. 

~ Dentate'd Sill iAlong Channel = loot. i ~I 
i j i jl -°'~ °°, " " . .." , 

In an attempt to:clmck '.the :~flow ,over .the ~crest 
from piling up along the right .wall, .two sets of ~curved 
d~ntates were tried along ~,the channel ~'floor, the'larger 
r~prosent~ng f~fteen ~feet height is showR in the ~ollow- 
ins Photograph No. IS-D,1... ~ ,// 

• n 

The action, of the ,-dentate~d~i~bucksts :in ~'levellng ioutl i 
the water surface was".vePy~satisfactory as .~shov,m b.y ~,com.- 
parison of the ~two photographs on the :following page,, 

i' '~ . 

~'~i ̧ !i 

,. i ~ 

i ~ ,I '~II, 

Showing the same flow, wlth;and ~wlthout thee ::sill. ..At 
the maximum~ dischaz'ge, .however, ~the effec,t iis ~'almost 
lost due to the deep submergence~..of ~the .baffles. :~COm- 

,5 

pare photographs ll-A'6 ~d ~13-B~6. - ~ 
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Flow ::200,000 c ,f.s. " • 
Dent ated : baffles :along ,flooz. 

Gate Pier i'Extension. 

,# 

,. j 

At the Stoney Gate ~ehtranc~o~!there iis quite a swirl 
and eddy. loss around the outside pier due to the gate 
draw down, see Photo, 8.A-I on the followin~ ipage. 
This was net alleviated.by rounding .the nosQ, :see ~photo 
21-D-l, but was overcome .by e~-tending ~the curve ,of 'the 
pier upstres~n. ":In ithe photograph on the following 
page the extensionwas taken ,to ,the entrsnco-of the :in- 
te_ke excavation, where the ~difficul~y is 'entirely~over- .. " 
come. It is thought :that thls ,might be shortened con- 
siderably with good.results ~, i but of course, the further" 
upstream the extension iis-made the more .the flow is 
improve d. ...... 
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- -  Pier nose extended upstresm. - 

Set.. Up Flow 2 0 0 , 0 0 0  . e . f . s .  
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Gate 'Int'ake Excavation. 

3,'. ; . '  . .  

It seemed ••that 'the excavation:~:for 'the Stoney!~Gate " 

Ints,ke was too -large as k:there Was : dead zater,along ~the 
right b a~. :Four •different,settings were tried;':gradu~illy. ~ 
drawing the :right ," slde wall ;In, and it was ,: found :that :,the 5. ~ , "~ 
velocity : o f : . i t h e  :[beginning:could:beTi~dou~led :, t?Without;any .;.."[" 
d tnment, bu~ with ~nmrovement in.:~he~flow ,lines. With • 
the ektension<on the left 7pier,, as ~illustrated ~below, - .  = .  

the flow into the. gate ,wa s ~.balance d~iand~ smooth, 
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False wall i'n,Oate Excavation.-Left Pier Extenslo~. 

Set up. 
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Flow :~ 20Q ,000 ,e .f,. s • 
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Transition -~ Gate,~:.to :Channel . :  

The difficultz, did "n~0t seem ito.~lie ~in ':~urning ':.:the 
water ,-in :front' of the •Gate, .'where ".the ~velocit~es are 
comparatively: low, ~'but below ~:the :Gate ~in i the -~:Side (Channel 
proper. -The ,.radius' :of %he :transitionseemed i.,too. Sharp 
causing the water ~-to :pile' up,,,on "the ~ri'ght w a l l ,  :.thence 
it was deflected, across ,)the. channel ~to ~the ,:.crest.~, si"de 
causingirregular:£1ow down ~,the ~,tunnel..6Seeii:Photograph: • • 
Nu~b~ 9=A=l!in preceding section,on:,page+8 - , . ~  . . . .  

, This :.was improved 'to some :: extent::by-lengthening.:.the i~i -,,. 
tx ans~t~on ssct~on,~ , ~m~king the radius.,.0f ..the.~turn ~-~ flatter,, 
effected, by)ythe...~ :false wall a s :  - -.:illus trat e'd. ,below.. " C o m p a r  i - ~' ' 
son can b~made .with~]Ihotographs ?9-L~-l:and:,gTb*l'~in:pr~ced- ~..~ 
ing sect,ion~on page 8. ==. ".i: " . ':~ .... 
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False transition sldo in ,channel. 
Flow approximately IV0,000 c.f.s. 
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Flow 55,000 o.f.s, a~proxima~ely.. Pond El. 1232, 
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Floo~ raised 45 fee% a~ uppe~ end. : 

Flov~ 2 0 0 , 0 0 0  C . f . s .  
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~ere were several changes.Lindlcated:~from the~tests 
that could be madelt°~improve~tho:operation,~but/as,%he 
Stoney Gate layout~was:not favorably~!consldered!:by%he ,: 
Deslgningdepartment,~investigati6~s?~ ~ , 
further~thanas m ~ ~  . . . . . . .  were notcarried : 

' cusslon~of~,~tho ..... 
[ . . . .  . . j 

T h e  main d i f f i ,  culty~:,seemod te! l ie ,~ . in~! :at temp%lng~, to " 

turn the water after !It : had ~ passed Lthrutthe Stoney~Gate 
and~ attained a hlgk velocity. Y lf ~the~Eate '~was. set !in !the 
end of ,a straight, channel /and ~the ~,turn ~into ~it made above, 
in the approach channel,/it/,would ~:seem that ~the ~ :{ 
ditions couldbe greatly~Improved, flow~con. 

Other impr°vements,!asnoted,~coUld~ be made::bY, ex. 
tending the Gate~plerand~the~endOr 
flattenlng~the~slo~e ^.~_ . "' eet piers upstream 
a•dentated baffle ~lon~g~}i~ ~ca ~annel~[fl°°rand~perhaps{~sing 

RespectfullyisubnLi%ted, 

i. s /  

R. I%R. !Randolph i:Jr. 
Asst.. Engineer, ~adden Dam Designs. 
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