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Report on Hydraulic MOdel Exoeriments for’l
The Design ‘of The Hoover Dam 8pill—
ways,.

E. W. Lane..‘

The node?

experiment stuuy for the design af the Hoover'

Dam spillways wes begun about Octoher 1, 1930 at “the hydrau-

lic laboratory of the 001orado ngrioll ural College at rort
Collins ami has been under way there noarly continuously

since that time, ‘a part -af “the time using tHD eight hour
shifts.

Plans Tor the laboratory at Iontrose were started

in February and it was. completed together with the first
model on July 18%h . of this yeer.:ﬁ

B

‘Nork:has—been in prq;rees*
at Montrose since ‘that time.’

Seven models of four dlfuerent
types have been experimented on, w1th 1incar soales nanglng

A ey S e e bepkhL = e s

from 1:100 to 1: 20 involving discharées for the design |
oapaoitlee from 2 to 112 sec.

ft. In each moclel a nunb er

of" ma jcr and minor changes were made aurlng bhe testing.

The follow1ng.ie a\orief;summeryaof.the_work carried’
on to October lst of this vear. It does not=inolude-the‘
work on the second large scale model at Lontrose nor a lerge

numbser of tests on the drum gate model at Tort Colline.




Glory Hole‘Spillnay,1l:eO'Scale”(M6del C-1)

Moving pictures‘andjphetqgraphs. :

Clear Crest Side Channel~Snilltay, ‘1:60 Scale (Model C~2)

22 Runs with- various alterations to check the
‘side channel theory. ey T . ‘
15 Runs to determine the poesibilities sf vanes.'nl‘ﬂ.
13 Runs to observe flow in various designs of |
hcrizontal bend.~-' B |

Stony Gate Snilrway, L 60 Scale (Nodel .C- 5)

77 Preliminary runs to insure consistent results on
gages. | s |
40 Runs on original design to dbserve flowcondi-i‘jiﬁ!”y
tions and determine discharge eoefficients.§:‘riz77ﬁ”.
17 Runs to investigate nossible improvements in &
annroach channel to Stony gate.- ‘ o
24 Runs %o test nossible imnrovements in the flow'rf'
in the channel by means of barfles, changes in"_
bottom and side wall, ‘;ﬁ 'i
13 Runs to observe. flow from lower .end - of tunnel

transition.

Drum Gate . Snlllway, 1 60 Sca1e (Fodel 0-4)

15 Runs B determine discharge coefflcients. |
26 Runs to record wauer levels with transition Nb.fl,-
97 Runs to observe conditions of flow with various types

of sills, baffles, bottom shapes am weirs across end,
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‘ In addition to these a7 runs, since Oetober 1st
| 2:% lerge number of runs have.been made wi%h sills--
of ‘vari ous types. S _ _

14 Rurs to record weter levels with Transi%ionLNo;f -

22 Runs to dbserve flow am record watez levels with
various forms of beffles and weir u51ng Transltion
No. 53, i |

9 Runs to observe flOW'and record water levels with
various. forms of bafrlss and floor uslng Tlansition
No, 4. '

Drum Gate 1ype Soillway; l 100 Soale (Iodel M—E)

8 Runs to observe action. and record water levelsﬁWith_‘
verious forms of bOutom and tlans1tion.

Drum Gate Snillvav, 1: 20 Scale (Lodsl M—l@

22 Runs to record vater levels in channélfiorrvarions
tyves of bafrles. and ‘bottom, e | v
20 Runs to observe 1low conditions u1th verious rorms.
| of baffles and bottom. | , ”" ' L  _
18 Observauions of flow in vertioal bend and the tunnel;
26 Observations of flOW'at tunnel exlt |

11 Runs to determine dlscharge coeffioients.

The following report; gives all the more important facts
brought out in the tests. Time has not been available to L
work up all the quantative deta in detail In theldescriptions

of the models and the tests thereon;'the corresponding dimen-
?

sions and quantities of the prototyne hare been used threoughout
3
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rather than the actual model va ues, as the former'givo  2;

R

~a much clearer Ldea of the conditions, and avoid the con-'

fusion which would otherwise arise from the use of several

different soales for the same prototype.

-~
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Report on -

HOOVER DAM SPILLWAY MDDEL TESTS

***_‘

‘GLORY HDLH SPILLMAY EXPERIMENTS

The preliminary drawings of the Hoover Dmn'were made
with splllways of “the Glory Hole ‘@ shaft type but this
was merely a tentative design, as it was exoected to make
ettensive model experiments and base the selection on the
results obtained from them, The. early designs of - this tyxe
of spillway contemplated a digcharge of lOO OOO sec. ft. :
for each shaft, with ‘the water surface in the reservoir :at
El. 1282, ” RDEETES e i

In arder to meet the condition sp301fied for the Hoover

Dam pro ject, that the. discharge from a flood a's large as '

Lt
ta

that in 1884 should: be cariied safely to theiriver channel

below the dam, the two spillways ‘had to limit the discharge i

to 62,500 sec. T4, {not- including power house discharge)

at El, L1229 . These requirements Tixed the diameter of the .

spillway crest at 231 ft.

The spillway designed to meet;tnesesrequirements with

the protouype dimensions is shovm on Piate I: 1t ccneists

of a circular crest of ogea cross—-section below which was
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a morning glory shaped funnel leading to the 50 rt dia—

.meter shaft. “The purpose of the ogge Crest Was o produce;gfibedf

a
a high discharge coefficient in order to give a large':

discharge per foot or crest length ‘as" this would enable

a shorter crest to. beﬂused,rresulting 1n a: smaller, cheaperf‘ o

: f»!'% .

spillway. AT "b ;'f""dff x;f‘iuﬁ

S

The modsl of: this spillWay vas tested in !the hydraulicj

laboratory of the: Colorado Agricultulal Gollege at Fort

Collins, on a secdle of l 60 ‘or 1M =5 rt The%arrangement : -

\
-t

i
EH

of the apparatus is shown on Plate II.; _ "‘:5 |
The water is drawn . from a reservoir on the hill be-v
‘hind the laboratory through three 14" valves Wlth which
the coarse adjuatments 0T flow are made. The water enters":
the laboratory in a.conerete flume 10 T, wide.; ‘The -fine _o*i'
‘ad justments of flOW'were made by'meansxof a movable crest
and small valve in the 51de of this flume througbxwhich '
the excess water could be- wasted. ' = |

, The discnarge through the model Was measured on a 2

Tt. Cinpoletti welr: which had been calibrated by volumetric‘

measurenent. The head was observed by\a-float gage:of the o

Cornell type. ‘Leakage through the forebay was CDLlected
in a measuring tank and the flov of the welr corrected ‘by
the amount to give the exact flow over ‘the spillway crest.
It is believed that the discharge results are accurate
vithin 1 per cent. ' |

The water was led to the spillway through a series




of baffles, ‘which produced still water upstream from the“. ;

‘ﬂ#
structure, 'The crest section of the spillway was builb

‘fH

of paraffin, The paraffin block was first cas? approxi- f?.:

.
‘mately to the shape. desired and then cut accuratelyvt

= i
dimensions by a template in the rorm of a knife or s%reed/

,('

which was revolved ‘about an axis in the center Qf thiffl-fff'

i
spillway shart, Although paraffin made a. rather sort

model, easily scarred or nicked it was easily natched
i

and for this type: of model is believed to have beengas é
Ji T
easy to build and- satisfactory in its operetion as could

have been: secured with any other material Ibs vertical
X : 4;

tunnel, Vertical bend and horizontalétunnel werefformed

of transparent pyralin, dn: crdeg that thefaction of the

water within the tunnel could be observed The various

sections were: made of pyralin sheets 1/8 1nch thick formed”_f“

in a hydraulic press.' The straight sections were about
18" long, flanged at the ends - and*with a longitudinal

butt joint with oztside strap.; The 90 degree vertical
bend was made up - of four 22* degree flanged bends, each
22% degree bend being d1v1ded into two similar flangnd
sections on the plane passing tniough the center line of
the bend The 90 degree bend vas maae in sections in ;-
order to facilitste construction and to- enable experiments
to be made with 223% degroe 45 degree, or_G?é degroezbends

also.
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Rosults . i “ ;oi‘é S
As g result of the speeding up g the:Hoover Dem,proj—i'.
ect as an employment relief maasure,?{t was nacessary to i
;- make a decision on the general typestﬂ sorllway without
' the extensive tests at: first contemplated. In order not‘u
” to delay work on the s1de channel models, experiments on
the glory hole type conslsted ¢ only of visnal.observations
and photographs.f To" maké‘room fbr theimodel teets ‘on the S
,'?. Madden Damf the glory hole model was stored éwa§ end 1tsisii
:fj j ' - hoped. later to move it back intoiposition and make quanti-:;
ﬁf tive tests on it with a’ verticél shaft and to‘investigate
é;i.“; ~ 1ts action with shafts:inclineé with the vertical.‘_f;'
;5 | The design of this modelpascumed that the nater Wouldfif? .
; flow over ‘the crest: and to'vard wthe spillway shaft in o
, g radial . direotion,‘but this does not oocur._ To brinh the - ﬁfm
- z cost of the ppillweynﬁo a reaeoﬁable rigure, It was necee—lr g_;;.-f'{ff
? 2 | gary to set the structure pertrelly in. an.excavation in tneﬂ'ﬁ
% f side of the canyon and about half of the water nascing overjflﬁl
géacg 'i the crest is carried to the orest 1n ‘the elcavated channels ]
‘£;1§ A and B, in which: theﬁdireotion of flow is not at rlght T"f
l:‘é- angles 1o .the crest b&t follows the oath snown in Plate I.;;-
:;# ? The water apnroaching the qrest therefore has Q- component
flf v in the direction of the crest,_end.ooes‘not_rlon.oger ;t
& radially but takes ar inclined direction as shown by the
\e; ;f stream linesﬁof the‘figure. ‘As the water -approaches the
;Gf ; center of the morning glory shaned section, more of it tends
-
| [ , . — c
o N




AT g T b, 3o
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to concentrate at C. and enter the sheft onwthat side,.

causing a- disturbed oondition of flow at that)point This V_r i

also leads to disturbed conditions ‘inc the vertical shaft 5F'}

~and hence to considerable commotion dn the hend at the £

i
i

bottom. - . ‘j | 7:\'5“‘Hﬁlﬁf‘M'

B l
f .

| It . is believed that: an even uistribution of the flow
entering the spillwey shaft could have been secured with

radlal piers on the: crest and on the morning glory shsped

section, similar to those used on the D?vis Bridge Spilrray;fVl d

but the effeot of - the imoaet of the Tater at the bottom

0of the vertical shaft was obviously SO’mHGh more seVere

than after Slidiné down the 1nclined shaft from the sids
channel that with- uhe unpreoedented velooities resulting _
fram the 600 ft, drop at the hoower Dmm it vas believed toiﬁ”
be safer to use the side channel type.,i' '-,?”-7f" i

SIDE GEANNBL SPILLVAY'EXPERIMENTS
Free Lrest Type (Iouel C: 2)

The first side. channel plan for the Hoover Dem con—?
templated a plain ogee- crest w1thout gates, with the same'
discharge requirements as the_glory;holertype..VThe,designx
of this spillwey is shown in Plate ITI. The'model of this
structure was.also‘erected 1n‘thefColoredo=Agrioultural,- |
College iaboratory on-a 1l:60 scale, The position.of the
apparatus is shown in Plate II. The water measurenent

apparatus was the same as that previously described.




The Construction cfvthefMedei

The slde:channel. of: this model wee constructed of gal-, 2
vanized sheet 'iron: supported ‘on. sheet metal buttresees. It
was expected that several siZes of cnannel would be tested
and the buttresses were - designed se that various cross-,ie
sections of channel coula ba - obtained by slig,ht changes of :
the vosition or the buttreeses._ The ogee crest of the
structire was made of naraffin. The transition frcmfthe
trapezoidal section of the side channel to the circular 50
Tt. dlameter section. of the tunnel was constructed of rein—r
forced concrete, Three windowe were cast into the t0p

through which the flow! in the- transition could be ohscrved

These windows eould be clcsed w11m.concrete plugs accurete—*;ﬁzif'

ly cast to £it the . shape of ‘the top of the trans itlon. The ST

same - pyralin tube which formed the model ef the verticel 4
shaft and tunnel. for the. glory hole model . Wa's - used for the N
inclined ang horizentel tunrels of - this ‘model. The slope f
-0f the 1nclined tunnel was- 45 degrees ﬁith the hcrizontal
'anc the bend between the two - sections cf tunnel was formed
of two of the 223 degree bends. |

Scone of Experiments

Soon after thiS“model weS'completed it was decided to
increase the . capacity of each spillway .from 100 2000 sec,
ft. to 200,000 sec. r%. This necess 1tated a redesign o the‘

spillway and while the studies to develop the most -econonic
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design ror this size were under wey, an extensive series E;ifﬁ

at - experiments ‘were carried outy on this model to cheek

1

the ‘theory of the side’ channel spiliway and to. investi-? )

gate e number aof Ways of reducing its eost. _ :

The basic theory of the side ehanne1 spillway Was de-ii 5
veloped by Mr. Julian Hinds* &nd is based on the essump-' )
tion that all the energy of. the water falling over the f__nir

*3ide Channel Spillways - Julian Hinds Trans.nm.NSOG..ﬁ.'

C. L., Vol. 89- (1826) Pp.: eei

spillway crest io dissipated as heet and the flow down‘,}‘?]”ﬁ;;;

the spillway trough is caused only by the water surrece
slope in this channel itself. ; :AVﬂl‘?;"Yi 3 2
An: -extensive series of- experiments vere perfoxmed to:-
test the reliability of: this tbeory ‘for - various condr‘ions
of flow in the spillway. There were four series .of" these
tests, the conditions . of: each b?}ng as follOWs ST
I The . side. ehennel With trapezeidal cross—sectionrfg
as designed with various . discharges._ |
Various discharges with submerﬂed weirs aeross e
the downstream end of the spillway cnennel to
change the conditions of flow in it.
A channel w1th the same srdes ‘as the original

design but with.a flat floor at a higher eleva- L

tion formed hy a false botton.
]

/f
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IV 4 channel with: practically the same sid es as the ‘
o*iginal design Tt with theibottom I‘ormad by a
-‘circular arc tangent to the sides. The bottom
.8rade of the channel of th.is model was slightly
‘higher than the - original design. PR

Hydraulicly the side’ channel spillway g ‘a Nery in.-

efficient deviece, as SO much of the energr of the Water :
vhich falls over the. crest is Wsed: up in heat and does |
not cause flow down the side channel 7"'If part of the
energy could be used in nroducing i‘low along the side
channel, a greater velocity in It v*ould result and a-

smaller : and cheaper channel could therefore be used To ‘

a certain extent: this can be ac(..omplished by means of

guide vanes ar baffles which direct the I‘lowing water
f”\\

after paseing over. “the . crest in]to a direction moxe Qr

less parallel to the. center ‘line . of the channel. Dii‘rer-"

ent t,rpes and combinations of vanes were ‘tried to deter—

mince how much could be. accomplished in reducing the spill-- N

way cost by this. means..
‘One oi‘ the um ertainties of spillway des ign is the .
allo*rance which must be: made for the air: whlcn is entralned

in the side channel due to the turbulent conditions of

Tlow existing therein. The tneory as develoned by Hinds
.considers only solid water, but if a quantity of air is
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:entrained 1n this water 1ts\volume is correseondingly

”1ncreased and the siZe eﬁ the channel necessary to carry

l"

1t is therefore presumably increased also.v}ueasurements

' were threfore made ef the eir entrained in the flow through

-the model,

Observations ‘on’ Modl ¢ ef First Deeign

The . obeervations to test the side channel theorye
consisted in measurements of the crosa seetion oflflow o
in the side- channel for: various diseharges thmugh the nodel.
For this purpose two parallel bars were placed along the |
sides of the channel at about l% ft. above the level qf ;e*:*'
the‘crest These Uars were carefully leveled eo that
thelr tons ‘were in the seme horlzontal plain.- Byfmeans

HEN

of a point gage extending dozn fro Ha movable beam span-;”'

ning the channel from one. bar to the other the eleva- L

ticn of the water surface at any eoint in the channel could

‘be - determlned. Ordjnerily cross seetione were teken at

‘each point correspondin; to ‘an even statlon on the proto-'?j

type or at. 20 inch 1nterva e.,fl{

R

In.each. section enough points were determined to

\

;hnermit the surface to be accura#ely plotted._ The cross-:

-sections: were plotted to scale and the afea ef each was
determined with a planimeter. A typical set ef croes-
sections is shown on Plate Iv, This is for'a dischargeelﬁ.

corresponding to 140 OOO sec. ft. on- the prototype..
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From the. eross-section area, knowing the bottom width end

‘side slopes, the mean depth of rlow'wes computed In the r

computations this- value was used for the: depth or flow in B
the channel, N ”-“'?'db. o A ]ﬂf”“‘ B

By means of piezometers, openings in the floor of the
channel, connected to the glass tube monometers, observa--,l.f
tions were mede of the downward pressure on the bottom atrbi

four points along the. channel. :

Results on Model of First Design _ _
The results of. observations on the model of the ori—f:
ginal design is shown ‘on Plate V. The first diagram on di_’

this page shovs the mean water surfaces for the Various ﬂ55

discharges observed, between 50, ooo and 200,000 sec.. rt._.;_:

The remaining. diagrams of Plate V give analyses of*the

individual runs. o eadh discharge is shown the aVerage”

e
water surface, determined as described above the the°‘”'}r, \p

retical - water surfaee where it could be eomputed the

depth of weter equivelent to the downwerd pressure .on ptﬁ

‘the channel ‘bottom, as determined by the:readings of the

piezometers and.the critical depth of flow for tne given‘f“-
channel section.and. discherge. The Level of the water
surface in the reservoir above the spillwey, the eleva- -

tion of the spillway crest end spillway floor is- also
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The theoretical. water suri'ace was computed by the me thod

given by Hinds*, which is based on his assumption that all‘_‘ |

=2 2

E3 ‘ B [
Trans. Am. Soc. C. E,, v°1. 89 (1926) 0, 898 899

the energy o the: water I‘lowing orer’ Lthefcrest is lost. _‘
These gurves were U.su\!ally assumed to start at the heig ht
of the observed water \\surface at: Station”?-ioo the lower ey
end of the overpour se\ stion of the side channel, ‘or ‘the 'j, =

lowest station at: Whic:l}i the oross-section was observed....b '

. The oomputation oI‘ thes\e theoretical water surfaces is ’

i
made by a cut and try step method very similar to that

in the ordinary cut: andiftry step method of computing a, - |
backwater curve. In fact *the 0peration is really the
oomputation of a backwater curve us:.ng the _aws oi‘ 1nelas-i§.,u

tic impact instead of the Bernoulli Theorem. ‘ In such a :

curve it is necessary to have e starting point and oince :

backwater curves can be worked upstreem more efrectiv ely

’-.

\‘ than dovnstream, the lovical place +o start was a8t ths

o :‘

known elevation at the Jower end oi‘ the ohennel. The
conformity of the observed results witn the ‘theory muld o
then be -shown. by the agreeraent between the theoretical
and actual water surface profile. |

It was not el\ays found possible to determine the

" eurve beginning at Station '?, since it was not possible

to compute the surface curve where it\z:assed through the

/3




eritical depth. ‘In these: ‘cases’ ‘the’ curves were startedfr
at-a station further upstreem, the 1ocation tof the pointLt
in each.case being: indicated on ‘the- diagrams.."drw 7 .
The 'flow 'line.for: 50 000 sec. Tt, discharge was.;;d~;e
SO near the. critical depth that no backwater curve codld‘f'}?d
be computed. ‘The ‘same . was true fbr the 7b 000 sec.‘rt
.‘diseharge. In this case a - ctmpu ation was made startimgf
at Station 4400 and workino An: both directione.d It de-
varts considerably from’ the observed water surface below"dd
Station 4400, 1ndicating that: where the flow Ls near the,rt
eritical depth the Water surface. cannot always be com- B

puted accurately:- in this manner.

For di scharges™ar 100,000, 125 ,000, 140 000, 150 ooo

and 175,000 sec. Tt, there isa satisfactory agreement
between tha observed and ‘the camputed water levels, indi— }“;
cating the substantial soundness.of'theibasicrtheory. f
For the 20,000 sec. :£t. - discharge the -computed line =
falls considerably above “the. observed at the upper end.
This may be accounted for in the raet that 1n the compu-'

tation a uniform- discharge per foot of .crest: vas ‘assumed,

while in the actual case the crest was subme'ged to suffi—‘ ,

cient depth to reduce ‘the Tlow.at the.upstreamrendv
The line representingithe;piezometric¢pressures!on -
the bottom of the channel falls uniformly below the ob-

served mean water surface, This has been assumed by sone




experiments to be: due to. the air content cf the water,
but: measurement of air by - othar apparatus has shown that‘_r‘
this is not’ the case. The cause of the difference is_{‘
‘probably the fact that the depth o. water cwer the pie-d"
zoneter openings, which Were on. the center line of the d'd
channel was less than the mean depth ef flow in the
channel, v L ' 7

The experiments: With a weir across the lower end :

of’ the: channel the results of &1ich are shown on Plate

VI also ‘indicate the; substantial accuraqy of the baaic,“

f

T - P m LT A A

AOA BT 6 i

theory. In the setup also the flon for the: 50 ODO sec.
ft. discharge was too rear . the critical to enable a water o
surface o be computed, but for: the 75, 000, 100 ooo and |

125, 000 discharges there is e - satiafactory agreement

=

‘between the computed .and- Observed water levels,sexcept

at the upper end af the channel where ‘a wave was formed

R S R

which made masurement difey cult. For ithe 150 ooc sec.'i-. SR

ft. flow the crest: at the: upper end cf ‘the- channel ‘was

so deeply submerged that the flow over At was less thanfr; 3
aseumed in computing the ‘water. eurface, Which accounts |
far tne differen:e between ‘the computed and observed
water surface, _ o | o "‘ | |

The results on the experiments on ‘the channel mde
by placing a false bottom in the epillway:channel,rae
shown -on Plate VII also confirm.the‘theory,deﬁeloped by

Mr. Hinds. there the water surface could be computed

/7
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there was a good: agreement of the computed with thell.tﬂ*
observed water -surface. Aqu_the‘150,000usec. ft dis-'“»y':
charge‘the.cresf‘wes'se{deeplyrsubneréédﬁthgtrthe.flow’fii
over the upper -end: of the: crest was ot as: great as: as~;;f»
sumed in ccmputing the: water surrece, and thererore the;

compu ted and- observed water surfaces difrer considerably;"“?”

The experiments on- the nbanne fonned by placing
f
a round bottom: in“the originel spillway also in: general
substantiate the fundamental- theory. The. results o

thess tests.are:shown on'PletevVIII._ Fora: discrarge

of 100,000 sec¢. ft. however, a . peculiar wave’formation S

occurred, the explanetion of which iis™ not epparent.-

- Experiments on Effect. of VEnes‘w' o .5,',_\fﬂﬁr:ﬂ?luf
A number of experiments were conducted to determinej},]

to what extent it was possible to decrease’ the cOst of B

the spillway by introducing venes into the currect to

deflect the water in the direction o the spillway chan- E
.nel, and .thus. increase the efficiency of the spillway.'
Without vanes, all the energy of the weter relling over  '

the svillway crest ‘is. dissipeted end flow elong the
spillway channel is_causechnlyfbyathe slope;qrjthe-.

water surface in the channel  itself. ‘With~vaneszit}is

possible to deflect.scme ef;the‘weter fellingncrer,zhe

crest in the direction of the channel, thus increasing the

velocity of the water in the channel and permitting the
use of a smaller and cheaper trough.
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‘The first series of vanes tried were placed ‘on f--

the bottom ol the spillway channel._ Observations with

color ‘injected 1nto the: water -and - with a current direc~' 8

tion indicator ‘shared- that the stream water falling

over the Weir plunges to - the bottom or the channel

“thence moves. across- the bottom to the other side and

up that 51de. In the first test B vanes were placed

on the bottom (Run No.: 21) and their effect noted.r :
More vanes, to:a- botal of 22 were then added (Run No. 22];a
The rBSUlto of these tests dre .ghovn : ‘on Plate IX. The 7
average water surface for these- conditions was. not appreo-f
iably lowered, showing that the veloclty ct flow in the

channel was. not materlally 1ncreased. It was concluded

that the vanes were not sufficiently inclined downstream.-
Runs No. 23, 24, 25 and ‘26 were then made with various

greater inclinaticn of the vanes. These all shomed lcwer.-‘

Water surfaces- than with,no vanes, 1ndicating~tLat the:*rf3:

vanes were effective in increaeing the velocity cf flcw

in the channel. In crder “$0 indicate the extent to,&ﬁ‘

which "1t would ‘be possible o 1ower the water surface ff%"‘

if all the . .BRETYEY - cf the water falling over the creet

Here

waxs used in producing. velocity along the channel the
surface which the water: wculd have 1f there ‘Was no loss

of energy was computed. The position of this surface

7
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The first series of vanes tried were placed on

the bottom of the spillway channel.f<0bserVations with

color inJected into the'water and With a current direg_ggg.‘,

tion indicator shoned that the stream.oL vater falling
over the welr plunges to the bottom of the channel |
thence moves aerosu the! bottom to the other side and '
up that side. In the first test 8 vanes were placed

ocn the bottom (Run No. 21) and their effect noted.i,:

More vanes, to a total cf 22 were then added (Run No. 22)“a

The resulta of these tests are shown on Plate IX. The
average water surface for these conditions was not apprece
iebly lowered, shoming that the velocity~cf flow in the
channel was not: mzterially increased. It was concluded
that the vanes were not sufficiently 1nclined downstream.v
Runs Ho. 23, 24, 25 and 26 wcre then made 7ith various
greater 1nclination of the vanes. These all showed lower
water surfaces than with no vanes, indicating that the
vanes were -effective in increasing the velocity of flow

in the channel. In order ‘to 1nd1cate “the extent to _
vhich it would be poscible to lower the water surface:

if &1 the energy of the water falling UVer the crest

;ﬁgg used in producing velocity along the channel the

surface which the water would have if there was no loss-

of energy was computed. The position of this surface
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is indicated by the line labeled "No Loss of Energy& L

‘The results ‘of these experiments with vanes showed that
1t vas possible to Tecover. only<a small part ot the ,‘
‘energy of the-: falling water. The recovery was not surri- ”'lﬁv'H

cient to greatly reduce the 51ze of channel nece sary,,

and 1t was evﬂient that the cost of installing vanes or LR

sufficient strength to resist the rorces involved would {fdrh

be greater than the saving that would be produced by them. L
A series or vanes were also pleced upon the ogee R
crest, The first of these were plane surfaces curved 1n “
the direction of the. channel. (Runs 2? and 28) As the S
water passed off the side of these vanes, a set (Run No 29)
curved up at the edge was tested. Thr xgave a better ‘Te- l 7
covery, but in- nelther case was the saving enough to Justie ii'
fy the exnenditure necessary to construct the vanes. S
Txperiments were. also. performed with various kindsgﬂh}”
of longitudinal vanes along the bottom and rear wall cfifl*l
the spillway, both with the trapezoidal bottom and with_d; =
the round hottom, The water impinged on these vanes _ :.L
and did not rise so high against the rear.wallxof the LI
channel, Their effect was- to level out the surface e
of the flow in the channel but they caused no recoveryl“
of energy. The mean water surface for these conditione

was at practically the same elevation as 1t would have

been without the vanes.




Alr Content

Iin measuring the air content an apparatus devised ‘ -‘, |
by I\fr. ‘De Co McConaughy was used. In this apparatus the
‘mixture of air and water Wa's taken rrom the srle channel
‘through a pi'ce, the end oi‘ which Wes | placed at the point
where i1t was desired to determine the air content. The
water- passed into a closed tank of e.bout 50-gallon cap;-
aciw in which the air and Water separated the air coming
to the top. ‘The - water was draim oi‘f at the bottcm and

measured “in .a water meter, While the volume of air was

determined Troem the difi‘erence in the air content czi' the
tank at the beginning and end of the run, as indicated

by a gage . glass ‘on the sid.e care being taken to have '
the air at atmospheric pressure both at the ‘ceginnirg

and enl of the run.
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The air cgntent was mea.;ured at two cross-sections,

HoFe X,
3450 and 74-00.,1, At Stati on - 3+50 the mximum air content

was l.41%. This occurred near the rcenter of the channel
in the region .of the air "rcpe" whi ch ran eown the center '
of the channel, This "rope" seems %o be due tc the spirel

motion of the water in the channel Which causes the '1‘ ‘

material of the mixture, ie. the. air, to move toward rthe
center of the spiral. A% Station '?-I»OO the greatest air"
content occurred near .the ogee srde of the chennel and

reached a m ximum of 6.‘7%. At thds end of the channel

the fall of the water between the welr crest and the
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Flow in the. Tunnel Bends Model’c 2.‘.,?‘1'

In oxder to determine whatdection of the water wouhiv
be in the horizontdl . bend dn the spillway tunnel on the
Nevada side of the. river, several models or dirrerent
degree of curvature were- experinented upon. The first
cf these models were .mde: with one « of the curved secuions
of the pyralin tube._ This ‘hada centrel angle o 221 ,'”
degrees and a radius (to the center line af the bend)
of 150 £t. These dimeneions did not exactly agree with

any plan for the tunnel but served to shOW'what the

action would be 4n a bend of shcrt radius. | -As the water R

entered the bend it ‘tended to preserve its orlginal d%rec—5f ﬂr‘

tion of motion, .but being restrainad by the wall of the
pipe, was forced upon. the outside of the beni. As the

velocity of - motion was high 1n eampariuon to the radius #f':

of the bend, the- water vas - rorced up rapidly, creating ‘a

'velocity in a c1rcumrerent1a1 ﬁlrectlon Whlch was suffi-

cient to produce a centrifugel force large enough to keep 7
most of the Water at ‘the outside of thu pipe for ‘a - complete
revolution. The combination of this circumferenulal vel- ‘
ocity and the longitudinel‘Velocity ceueed‘the:ﬂaﬁerrto
take a spiral path around the outside of the pipe. ‘Hear

the bend nearly all the water seemed to be against the
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outside of the pina but further downstream less seemed
to follow’ the outside end more flowed along the bottom un-f-3r
+1l about 8: diameters below ‘the- bend.the spiral motion i

around the outside of the pipe ceased._ The bend shown ‘37*1t

in the: contract drawings had a central angle of 520 15"»
and a radius of 819 ft..on the center line._ A model of
this bend vas constructed of lO" steel pipe.; In order
that the action of- the water might be observed the wall
of the pipe was cut away'with an acetylene torch to as

great an extent -as possible w1thout permitting the weter SR

Y i g WAy AR L bt #8300 e R

to escape. In.thls bend the Water also tended 1o pile up,-f‘"":

e .
LW Fraeel 3

on the outside of the’ bend but ‘the. redius of the‘beni was}ﬁ}~j !

+

greater with respect to the veloeity and the wate1 was not”b
forced so high nor- 50 rapdily upwaru. The circumferentialf»'r"
velocity thus produced was much’ less than fbr the 150 ft.f
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radius ‘bend. ana was not euf iclent to give 8 ceniriiugel
force large enough to’ keep the weter on the outsiae of

the pipe. The: Water rose to neer the top and thcn fell
toviard the bottom o* the pipe et the .sgme tlme contlnuing d”
its motion in a lqngltudinel dlreetion._ The wuter Wthh :i

Tell had hovever .a component of flow ecroee the pipe whlch
tended to make some Water flow:across the pipe and pile

up coh the ‘inside of the bend‘te e‘certaindextent, But

much less than on the outside of the pipe. Figure 1

jllustrates the conditions of flow just.described. In
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order to try to improve tbe conditions of flow in the
bend, one "’“h a raﬂius correspondiug to 1600 £, was

built, This model was constructed c? wood andiconcrete.":

Figure 1 shows ilnis. model carrying A flow. eorfesponding'?fjifdiwj
to 150,000 sec. ft. The conditions w:.th ‘thts model @1d

not seem to be apPIeciablyzbetter than for the 819 ft.},?f““‘r

radiu% bend. Anotier model was constructed on a ccm-,f o
/

pound curve, the first. portion of the ourve had & radiusr]*u S

of 1600 ft. (Prototyoe scale) With ‘| central angle of
21° 271 and the second portion a. radius of 2400 ft.‘with
a 7° 09! central-angle._ Figure 2 shows this model with

& 50,000 sec. £t. discharge. As n81uher ‘o the greater i

radius bends seemed. better than the one’ ariginally select~.if3u

ed, the latter was. adopted ror test in the‘hontrose l 20 ‘;_”

scale model. _ _ . ‘ o
In ccder to determine definitelj the path taken by
the water in Dassimg through the bend the in81de af the

berd was coated with a thick layer df'white lﬁad Paint,' s

While the naint was etill soft water was permitted to -
flow through the pipe far a short time. This caused

the paint to form in ridges indicating the direction aﬂ
flovw. TFlgures B,and“.show the linEﬁ An: the model af

819 ft, radius bend for discharges;or lOQ,OOO-and 200,000

 gecond feet respectively.
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, STONEY GATE mcom. c 3 1 60 SC‘.ALE

‘One of the: contemplated designs for the Hoover

Dam Spillweys was e side- channel spillway layout with ar

large Stoney Gate at the entrance toqthe channel details jd"

of vhich are shom on Plate No.,Xl-E‘ S te
In July of this year 8 model of thle design was
built on a scale of ‘1: 50 ar l inch equals 5 rt., and

installed in the Hydraulic Laboratory of the COIOrado f‘°

L L A e e . e SUTNE R Ry oo, e SRR PR .
L] = -

Agricultural College -at Fort Collins,rcolorado.,ypw;;;?if
The scale proportions gave - mcdel about seven feet

long and one and a half feet in helght the width cf the

' Stoney :Gate being one foot For maxlmum flow the depth
of the water over the crest was approximately two in:hes
and the cuantity’of water handled was about sevon and

one-half cubic feet per second.

The model was constructed of wood rraming covered

with galvanized iron ror the most part but the accurate

curve of the spillway crest Was carved from a block cf

wood, also the warped sectlon of the channel below the-

gate was shaped from: boards stacked up and screwed to- |

gether. , '_ , ., ('
Retreeentation of th, ‘rock topography 1n front

of the spillway was obtainad'by crlbbing np boards of &

thickness correspondlng_to & four foot Interval, which

were cut along the contour lines,




g
1]

 ing upstream :sha

Complet-.

ed model without -

‘contours.

Look-

lace :and ‘tunnel
nsition, '

‘ing corest bloek in
D
ra

‘

'uFigureﬁé;

.\\LMI R LT ey oy R A it

Look~

channel
ion,

transit

ing downstream
showing freming

Figure 5,
and

.-
.o PRI - . e ‘ "
E - YA SRR LS A e Al T g A g WL I ot




- -

. - - . S e e e a O D e AR G g e R * !

e

5
- r 3
ret rrm et e e L

. [ i - H
. iy “
b R 3
;

.‘.o‘

m -

o]

3

o

+

e

0

2 ” ‘ e
N u g
- w :
- i 8
E | -
l ! ' )
g g T~ &
B L N
g , 3
® +2
ﬂ @
— = s .
= o % .
=] « 1]
8 . : ol
y-¥

9.

i

Figure 8,
Figure

| SR — ERRY YTy S ety Y AR e 4 s Pk ....{i.!..l.;. <
. . *
S ) et ] NI e e, n,..l..».et\l...‘!?.c. \t.

(2 et i ot LV TN ) T W e e Ve T AL AT B 8 B (B 1 e 6L T e .,41._.."'.11;. -
T . . )
. K1
. L]

N

e

28b.

Sha L mye e pe e




The transition from "the 'S?lope'd»wél?l 'side "éhanne-i
3 the cireular tunnel was. shaped between collars at

various intervals by wood :staves Which were then smoothed

down anl nainted and the outside coa‘bed w:i.'bh a ‘thick "

layer of paraffin to: pre\}ent swelling. L _
Construction of the model is. 1niicated by Figures
5 to B, inclusive. o 7
The control -.and‘maI'asureﬁment.'iji;wa._‘fers",jrqr “this "’..se‘t_ﬁ-p _
was the same as the preceding ones. :W‘V‘e.ter r:‘-sur'fece .’-e'le--__'
vations in the forebay and pressures et varlous points
in the channel were ob-taine d by -_piezemeter :openings,,
lecated as shovn .on Plate XI, which -were':conne'cte'd‘?by
rubber hose to the glass fubes, E_meun.t'ed' as shovn on ‘7'
Figure 9. I "
‘The imnvestigations included .ex;;;fmants on:

X '.I‘he Original Desi_gn

A, To check the theory.
‘1. TFlow  over: crest only. o
A, Coefficient of discharge.
2, Flow under gate only.
B Capacity a8t various openings.

‘Flow over ‘erest and uni er gate dur-
ing rising flood.

A ‘ObservationVand‘recard‘of cpera-
tion.




The transition5rrom“ﬂie‘ﬁlopéd'wélifﬁideséhénnél
to the ¢ircular tunnel was: shaped between collars at
varlous 1ntervals by nood stafes which=were then smoothed‘
dowm anmi painted and the- outside coated with a’ thick
layer of paraffin to prevent swelling.- SRR

Construction of the model is” inilééted by Figures
5 to 8, imclusive, '

' The control and.neasurement of water for this setupf;77’ sihd

was the same as the preceding ones. Water surface ele—-s
vations in the forebay“andjprQSSures-at=varlous;points,
in the channel were-bbtaihéd?by biézoﬁéter»openihgs,‘l‘
located as Shownvqnfflate'XI,.Whichzwerejqbnﬁeétedﬂby ,
rubber hose to the glass tubes;}mohnted‘as}shoﬁn on
Figure 9. | | o .

The - inrestigations included experiments on-

i The Original Desiﬁn

A. To check the theory.
L. Flowroverxcrestaonly.f
a. -Coefficient -¢¢?_-.aiséharge.,_- |
2. uFloﬁ'unier'gatetonly;jlj'
8. Ganacity at various openings.

%, Flow over crest-and unier gate dur-
" ing rising flood. ‘

'a, Observation and record of opera-.
tion.




I, Alterations .on the Original Design.lz .

As To improve flow ooniitions.:‘pTg

Lo -Placing dentated sill ‘on channel floor..l,:”“

2. ibxtending gate pier upstream.,

‘3. Decreasing- width of | gate channel excava-f,‘m'

‘tion,

4, -Lengthening channel transition. b

S. Extending end oiers of the erest upstream. |

6. False floors in channel to obtain data '
Tor. further design.

Flow over GCrest Only

- The fiow from the gate wae blocked off and various f;;";'

discharges up to a flow correspondiné‘to 200 OOO c.. f.s._

were recorded., At the same time the depth of water over"

the crest was measured through piezometer openings loca-‘ o

ted upstream therefrom.‘ Water surface elevations were)
also taken in the channel by means ‘of the point gage.i
q‘iguros 10 end’ ll show the flow conditions:for
discharges of 55, ,000 and 200, 000 c f s.reﬁpectively.
It vill be noted in the pictures that ‘the water tends |

to pile up on the far wall of the channel and ride down B

the right side of the: “tunnel.
Flow Under Gate Only

The crest was blocked off end the gate opened at
different stages with the pond kept constant at El. 1232,

Quite a vortex was noted in the forebay ahead of tle

gate at certain di scharges,
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Flow overfciéét
55,000 :sec. i1,

Pond El, 1232,

Q

.Figure.10.
conly.

200,000

Flov over

Q
Pond El.'1247.

crest only.
ft.

sec,

Figure 11.
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It will ‘be seen from Pigures 12 to 15 that the rlow
fram the gate only is af high velocity and straight line
flow except for the component across ‘the - channel giVen d;'
1t by the curve in the transiticn below the gate.‘l_ d:.

Figure 13 may be contrasted Wlth Figure lO and Figure

14 with Pigure 11 in the i‘oregoing section i‘or ficw condi-

tions of approx imately the sane quantity of " water discharg-~"‘

ing. P e
Flow Over-Crest‘and}UnderﬁGats'

In this test, rising flood conditions were simulated

that 1s, the flow was alloved to pass over the crest untLl'

the pond Treached El..1232, where 1t~was kept constunt

|< =y

'by raising the Stoney Gate until the rull discharge repre-‘

senting 200,000 .¢,f.s., was reached.: Flow - quantities at
various fcrebay elevations and gate openings we recorded
and observation of conditions caused by raising the: gate -
noted, ILoss in head over the horizontal excavation in
front of the crest Was asoertained by meens of* ‘g row .of
Pie zometers upstream normal to. the crest To check any
tendency of the water to- 1eap the floor of the tunnel
transition a row of Plezome ters were lccated elong the
center line and readings taken at the various discharges."-
To obtain the vacuum umi er the neppe over the gate and
also on the crest wall near the-gate where the slope was

steep, piezometers were located at these points and their

readings reeorded,
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Flow over: crest and un:'ier gate
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Fqgure 28.
Flow over crest and urer zate.
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‘Through gate only.
Crest blocked.

Gate blocked,
Figure:25.

‘Figure 24, =
-Qver-crest.only:
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The: conditions -for: a flow ef 60 000 sec. ft *are
shown on Figure 16. For tnis eondition water passes::f~
over the gate, as well as over the crest.f‘;j '

!hen.the gete is opened slightly, however there is

FE

- quite a- disturbance due to the high velocity of the water

shooting und er 1it, ‘as: seen dn Figures 17 and 18 represent-_a

ing a 110 ,000 see, ft discharge. As ‘the: gate is raised

further, however, the" Tlow: from it tends to counterect'i'

-the component: across the- channel, of tqe water frem the

crest andg sweep 1t downstream as seen 1n Figures 19 and

20 {iso0, slely) sec. ft ) ﬂnd 21 and 22 (200 OOO sec. ft )

It 1s on the smeller gate: oPenings that The disturbance;fi
'1s . viorse. ' ‘ Pl e R : i

The influence: of this cross flow rrom the crest isfii:]]'h

best illustrated by the flow from the. lower end or the
transition. It vdll be noted in: rlgure 83 ?hetegraph—i' -

20 =A-B-that the flew from - the crest ﬁhicl amounts to

.about 55, 000 Ce. f.s. ‘has imparted ar twist to the et and . |
this is substantlated by observing the roll to the water»,i;e“

When the entire flow i's passed over the crest asseen in
K _ o

Figure 24. S .
It would seem~byrthe,pictures,tgstftheftunneltwes

running full, but the main bulk of the water is Tlowing

in about the lower three quarters, the water on top eeing

splash and spray} There is less when . the flow is through

- the gate only as noted in Figure 25,
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Alt erations to Imprdve Flow Conditions

i

Den tated Sill along . chennel lloer.“:'

In an attennt to;revent the flow over the crest -

from piling up along the right well two sete of eurVed;rf

dentates were tried along the channel floor, the largerﬂf¢i

representing fifteen feet height is shown in Figure 26.t ,;f:’”
The action of the denteted bucmets “An leveling outt

the water surface was very setisractory ‘a5 shown by - com-‘””

\

narison\of the Figures 27 and - 28, showing tne same . flow
(10, OOO%eec. £+.) with and without the Blll. ;At the
maximum discharge however, ‘the efreet is almost lost
due to the deep. submergence of the befflcs as ehown by

a comparison of ,.Figures 1l Aend 5.

Gate Pier Extension 71~“"‘*<_'i; . o

At the Stoney Gate entrance there is aquite & swirl’

- apd eddy loss arouni the out51de nier due to the gate

draw dovn, as shown on- Figure 30, This ‘was not alleviated :'

by rounding the nose (See Figure ol) ‘but was cvercomelﬂ‘

by extending the curve of the pier upstream. If the‘

extension was takea + 0 the entrance of the intake excava-'

tion, the difficulty 1s entirely overcome. (Figure,SB

and 33) It is believeu that this- eytensien might ‘bo

shortened considerably and still obtaln ‘gocd results, ‘but

of course the further upstresam the'extenﬂen"is:medeutne

more the flow is improved.
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Gate Intake Ixcavation

The experiments showed that the excavation ror the

Stoney Gete Intake was too lerge as there was dead water , dt_t"

along the right bank. .Four different settings were trded

gradually drawing the right side wall 1n, and - it was found

that the velocitiy a the beginning could ‘be doubled

vi thout eny detriment, but'with improvmnent in the flow e

lines, Vith the extension on the left pier, as illustreted

in Flgures 34 and 35, the flow into the gate was balanoed

and smooth,

Tnansition ‘- Gete to Channel

The cause of the turbulent conditions of flow in
the spillway channel did not seem to lie in the turning
'of the water in front of the- gate, where the velocities
were oomoaratively low ‘but below the gate in the side
channel proper., The radius of the transition seemed too
sharp causing the water to plle up on the right wall
thence it was deflected aoross the ohannel to the crest
side cuusing Irregular rlow down the tunnel as. shown on_‘
Figure l4. N | ‘ -~
This was improved to some»extentfby'lengthening
the transitionseotioh,mekinglthe'radide-of the'turnu'
flatter, which wae effected by the falee-wall. The
result of this chanxe can be seen by oomparing 1T‘i.gures

1) and 37 with Figures 14 and 15,
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Figure 40 may be compared with Eigurc ll

making the spillway channel straight and throwing all

Uostream:Forongrwalls at Tnds of Crest 7
Extension oF the end piers upstream decreaaed tho
loss in head due to the flow around the corners at those

peints and increased the discharge slightly.,

sion can be easily mede on the downstream end as a fac—,,hh

ing wall along the excavation ocut,

False Floors in Channel

To note the flow conditions 1r ‘the channel floor
was stespened, the Stoney Gate was bloeked off entirely,_‘
and three false bottoms placed in, varying in height
15, 30, and 45 feet_above the original floor. At the -":
maximum flow ovar‘the cfest: for'which it'ﬁas decignéﬁ”‘

in all set ups, the flow was . handled in a satisfactory

manner, although the bottom was swept clean at the upper‘flfr

end., See Figures :38 and 59.-

however, it would seem. that the slope was too steeo, re-

sulting in very bad flow conditions down the tunnel.--
whene:the_"
floor was as originallydesigned..-Frompauhydraulic;stand-
point it would seem that'the_flattérqthéflobr;élope; the

better. ‘
Stoney Gate Tyve Abandoned
“hlThough several changes indi-cated tmi improvement

was pessible in the original design of this model, no

great improvement was obtained. It is believed that by

This ezten-' a

For a rlow of zno ooo c. L5, ,
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gate structure the water entered a wooden flume, where | i
it turneq ot right angles and i'lowed parallel to the _ . ;
| ‘cenal to the ne a.suring weir.‘ The flume was l? i‘t. wide..‘; s | '.
_ At the upper end “were three sets cr" barflcs which were o :
constructed as a result oI‘ considerable experimentation i
in such a menner “that the turbulence of the’ water enter-.; . v‘
ing the flume would be as far as: possible damped out and:-' | a e
the water approach the vaeir with a: uniform veloci ty cf | t ; %
approach throughout the channel: cross sectlon. _ | 11 z
. The weir was ..1ocated 62 ft, belo"."::bhe :baf-fl‘es. It | !
was mounted in: a cone: rete welr box: i‘ounded -on hard shale- ;
B j d to prevent set‘clement. The ‘welr was.a duplicate of PPN :
Francis! suppres=ed weir exeept that the le.ngth was 12 | 7 | i’ .
£, instead of 10 ft, The height of the crest above H ng
the floxr was 4.6 rt and the head was meas ured et a L .. ’f | F :
point 6 ft. upstream fram the weir. The crest v.'as formed o g
B of a steel angle. planed to & flat crest oy de. Great B -
| care was taken to keep a emoo‘ch face on tThe: upstreem | o b
side of the weir angle and .a sharp edge between this - _'L ’
) Tace and the top face, in crder to insure -accurate :m_asure- U
: ments. .The head on the weir was 'reed -by»'means ‘of ‘float i . B
. gages at each ond, These were ef ‘& -modified Cornell type. - f ,
34 |
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ATter passing over the weir the water turned at

right angles :and passed through two ‘sets. of ‘barfles _'

into the forebay. - 'J?his was -0 wooden channel B ft deep |

and 39 ft. long: expanding in wid*‘h from 14 ft to 40

Tt. Across the end of the forebay “WaS a bulkhead built
to form a model of the topography oi‘ the spillway site.
In this topography was located the crest of the spillway
model. After passirt over the orest the . water I‘ell into f-.'
the spillway ohannel along Wthh 1t flowed into a. transi—-r
tion ssectioun and them..e into the model of.‘ the 1ncljned |
tunnel., The -I:ransition was constructed of wood ani
the inclined tunnel of uOOd. staVe pipe.f The verti cal -
bend which connects this with ‘the model of the horizon--";:-;-‘ :
- tal portion of the tunnel vas cast An concrete.f The
horizontal tunnel including the horizontal hend or

819 ft. radius, was a 30" wood stave pipe . -'I‘hi's ‘pipe- )
discharged into a 4'-0" 'x 4’—0" box Tlure which earried =
the water back to the South Canal. In order to cbserva :

the flow in the verti cal ‘bend and the wood stave "tunrel" '

windows were placed in them at ‘intervals.

EXPERIME{TS ON MODEL M-1, RIGINAL DESIGN

The first drum gate model -experimented upon at the
Montrose laboratory (designated as M-1) v't,as a 1:20 scele

ratio model .of the spillway shovm in Figures 41 and 42.




were computed by the methods developed by Mr., Hinds.::

3 ¢
The crest was composed of rour drum getes 100 ft long

with L0 ft. piers between. The channel had e bottom

width varying from 26 5 to 52 4 rt. end a 0. 375 L elope

on the side opnosite the weir. The bottom sloped steeply,'p,

heving a fell of 104 ft in tbe 403 ft length+to the; )

beginning of ‘the transition eection.‘ The dimensions i”“"

This model did not funotion satisfactorily. Be-
cause of the steep slope the Velocity of flow- along tha

channel was great eni the cross section ol the flowing

water was reletiwely snell. ‘The depth of flon Wes: there- N

fore less than in the: models previously in?estigated.,

The average fall of the water passing over the crest be-'ﬁ

tween the reservoir level arnd ‘the. chennel level ‘was also |
somevhat greater. ‘This greater fall tended to neke the‘
water pile up:on the side - of the chennel opposite the
erest to a higher. elevetion._ lbe smeller dopth of flow-
in the chennel also offered less resistance to this v‘

r

tendency, since the greater the depth & weter the greater

is the tendency to- dissipate the energy of'the oveiflowimgg
stream. The combinetion of greater fell and smeller depthi‘

of flow resulted in a -high wave ‘on the back side of the .

channel, which caused considerable impect on the end wall

at the portal of the tunnel for discharges of 100,000

sec. ft. and over. The conditions in the channel for

36
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Figure 44, Original

design, ¢ = 100,000
sec, 'f't,

,j}

*""L“"i et

_Fgure 43,

Origina].dc“

Q 150,00

ign,
sec.,

 Figure 45, Original

design. ¢ =
.ftw.

w
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150,000
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discharges -of 50, OOO 100 000, l50 ;000 and 200 000 sec.‘
Ir't. are- shown in Figures 43 to 46 inclusive. At the |
upper end of the channel at discharges up ¢o 150 OOO |
sec., ft., the weter flowdng ‘over, the crest swept the

floor clear: end formed on the beek side ef th4m

'8 ridge. resembling a Wave os an oeeen beach Just'es it h-"

R IATE WL

breaks, 'shom in Figure 47. The high fall and{slight

1.!

depth of ‘water also- caused 8 deeided spirel motion in

the flow .down the channel whioh set‘up °°n51derablerfz“"'

‘commotion in the transition eection at the- too .of the ;::

inclined tunnel. mhey elso caused severe splashing et the

vertical bend at the bottom of the inelined tunnel. ueter

Jegen to splash out’ ofthe lower of the two windows in the

bend at o alsnsnge of 110,000 ent severs splashizg -

curred at 120, OOO sec. ft.' with ‘a discharge of 200 000 :

sec. -ft. there was a very distrubed condition of flow at

this point and the solashing, together with the air brought  :~i‘

down by the water exerted considerable pressure on the .

windows in the top of the :bend., ‘The flow through the pipe,‘

as observed through the windows, was very much’ disturbed

and near the end: o ‘the tunnel geve rise to severe vibra—'”

tion.

The cause of this vibration 0T thnmplng is not eertein

‘but seems to be related to the well knomm fact that resis—

“tance to flow of water in pipes deoreases»aS‘the-depﬁh-of,
flow increasses until a depth of about 0,95 & the diameter
‘ ; 37
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is reaehed beyond which the resistance rapidly increases.h”7j
In an inclined pipe into which water is emfttad dn grad-
ually increasing quantity, when ‘a depth or 0 87‘of the

diameter 15 reached if the uater splashes u: “the. top

PTTRA  ahD BEAr s Y T8 b B I € 0 0 ma's T ey ekt S

1t suddenly £ills the whole pipe ‘e in this condition o

(e

f
the pipe will not carry as:; great a dischargQLaa when rlow~.«',

N A
SUTRETIR

ing:0.87 full., As the. water flows down the tunnal its
velocity is reduced by fric»ion and the depth of flow
increases, Near the downstream -end, ‘for . discharges df

near 200,000 sec, Tt, the depth approaches 0 87 of the

s Y o e e et e & 18 e
TN o —— o

diameter of the-pipe. When a qurge dr splash oecurs the

flow suddenly jumps t: tne full condition, instantly

increasing the resistance to flow and causing ahammer

or thump in the pipe. ‘The flow does not continue'at 1'"fﬁ

& et g

the full-depth, hovever bdt quickly drops down to
-nart.depth-flew. This may be due to air brought 1n at
the upper end of the turnel Ibrcing itself out at the fﬂ
lower end. Another poesi ble explanation is that tlr.
sudden increase in res1stance tends to fonn temporarily
a hydraulic Jump, which cennet maintain it°elr becausa;7
the friction less to the end of the nipa is not suffi-.?
cient to create the reguired back pressure. These."

changes between full.and‘partially ull flo: glve risa
to a serjes of thumps or blows ‘of varying intensity

at irregular intervals, which are felt only near the

dowvnstreem end of the pipe. FYor the original design




‘Figure 48.. Raised Floor in
Q= 90 ,000 sec, ft,

I

0y

it A

Tl
3

AR

P 3"

. IR
ey gy e H

PP

DRI L ey e AT dat e S s s s
o
i
M)
(s

S IR

e

el S

. ool ‘\

Filgure 49, Coping on Back 0 ft.
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a sovere blow came about once- every’ ten seconds. In .
the prototype these di stur'banc es: .'aould 'no doubt set up

B a perceptible jar in the. rock ‘of “the oanyon wall, WHich - o l‘
would be undesirabls. o | -
. Raised Floor in M-1 Model -
In order to reduce the'he‘igh’t-o‘r :tne "Wav'e?bﬁ ‘the e | .'
, back wall of the: channel the i‘lom: of the channe]. was‘.". -
raised, a maximu of 19 T, at S'bation 3400 nd” sloped E |
4_ from this point to the criginal bottom 1evels at the ‘  ] ' ""-.,.
t upper end of the- channel and down to ‘t:he beginning of S ' N
e i the transition. .[The -grada of th_is“channel .is-‘s.hcwn-on R

B " Plate XIII. This. dedrease‘d fthe‘s-lbpfé ‘of ‘the upperléﬁd o
i “O of the channel, at the same time- decreasmg the height l
of the fall of the water over the crest, 'The conat - B
'w tions of flow in -the channel - were 1mproved but there | o l.
Y . was still considerable splashing at the por‘tal oi‘ the.
tunnel. A discharge of 90 000 sec. ft. is shown on’ ;
% Figure 48. The water still TOse o an i esn.rabla -

w height against thefbac:: wall. . o ‘ l‘
,‘ ALTR \ug‘l the original design vas computed “to! have o n :
. | a eross section Just sufficient to .cavry the 22}0 DOO | »
;:: sec, ft. discharge without :c_ausin_g sufficisnt sub _- |

mergence of the ogee crest at 'the upstream.end o the -

channel to reduce the flow over ;1't,:7f?it was found that




‘the i‘loor could be - raised and- the flow over the c‘restj
at the.upper end still: mainteined. This 1s pro‘cably
due to the fact that 'the water level de'bermined Jin thc
computations is. the mean water level 1n t‘nc channel
eross section, while’ the level wha.ch determines the
submergence effect’ 1s the’ level on the -side: of (the
channel neer 'the‘weir, which 1s considerably 10Wer
than the‘mean‘f-'ieve'l‘. |

Coping on the ‘Back. \all

In a:der ‘o’ reduce the height to: which the water
rose agalnst the back wall a- curved faced baffle in
the. fom oi‘ a coping was pleced along this wall wim the
top of the curved face: about 20 £, a'oove the floor.‘_
The poqiti on of this’ baffle is. shown 4n Figire 49.
This tended 4o throw the water: out toward the center
of the stream.and reduced the hei ght of ‘the - wave agairst
the vall. It consicerably 1mproved the conditions at the

entrance to the tunnel and reduced the di sturbences thrcugh-

out the tunnel. 'I'he conditl ons oi;;‘llow with this bai‘fle

for di scharges o’ H9y860, 1100, 000,4150 000 ane-ac-c,o-o@
o 5’! ,i —

gec. £t. are .shown on “Figures , B0, B, _sa._and re= .

spectively. | |

Flat Top Comnt rac tion in- the Transitiong

The original design contemplated -on Iree surface

for the water in floving in the spillway and tunnel .
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On account of the turbulenb condittons oI‘ floe: '!:his sur- : 'l

face was wery rough and produced a: great deal cf splash-‘ |

ing and impact. ‘In. order to smooth out the water surraca
a contraction was placed in the . transition secti. on ‘as o
shom in‘Figure ‘é,? and on- Plate XIII._ This consisted ot‘

a flat top in the tran.ai ti on gradually co.ltracting the
waterway from 0 at the upper end of the transit ion to

a distance 20 ft, down from the ‘top ‘at the low:ar end.

A vent was buils at the lov:er end $o. ad.mit air abmre the
water in the 1nclined tunnel do"mstream from the cont rac-
tion. Far discharges over about J.'7‘ OOO sec. ft th:ls :
Tormed an orifice with. a horlzontal top edge at the upper
end of the inclineq tunnel and caused the water ‘to. start
down the tunnel with a Tlat: upper surface, this largely o
reducing the splashing An the pine. ‘ Y.hen 'bhis contracti on ‘
acted as an orifice it IaLsed the surf‘ace levels in the ‘
side channel, reducing the drou in-the vater I‘allJ.ng over
the crest ang 1ncreasing the - depth in the channel both

of vhich effects tended to: improve the flow c.onditions.
Figure gé shows the- ‘econditions of ‘Llow 1n the. channel With
the raised bottom but witiout the: coping on the bacﬁc v'all.
Although the contraction con31derably rai r-~ed +the - wauer level
in the channel at the lower end, ‘1% did not back up enough

at the upper end to reduce the flow over the spillway crest
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‘The conditions: of flOW'in the pipe were considerably

1“’1’1‘0"3‘1 both ‘tn ‘regard to the srlashing at the vertical -

bend and the thumping at’ the end of the pipe. A still

further 1mprovmnent “WASs secured by using the coping

i

on the back wall in addition: to the rlat top transition s

In the contraotion. The . splashing rrom the lower windosfﬂ;f”

in the vertical ‘bengd started at 130 000 sec. ft. ani the !

thumping in the pipe was. still further reduced.

A contraction in the transition whieh restricted
the opening less than that previously described was
also tested. The flat top {n" this case‘extended~15 £t,
down from the top of the transitlon seetion as: comnarsd
with 20 ft. in the previous case, The conditions o |
flow in the chennel, vertical ‘bend and at the end ot ﬂw
'tunnel were all somewhat le ss de51rable ‘than with tha ‘
greater contraction., In all ‘the following experiments there-
fore the greater contraction was used.-

Vane in Inclined ‘Pipe

The water flowing cver the ogéelcrest*imosrfedwto o
the water in the side chennel a spiral motion, which
persisted for a lomg distance down the tunnel and

‘eaused at least a portion of the disturbance in the. flow.i‘
In order to reduce this spirel motion, and honce ‘the dis-
turbance, vanes in various pooitions in the transition

~8nd inclined tunnel were exper imented upon. Thefirst
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vane was about 6 rt. high and extended down the centcr imf

of the flat top centrection 1nrthe*traneition. No bema-}

Ticial effect from this- was noticed. A vane 6 ft high i‘j‘

was then placed alcng the bottom of the inclinad tunrel

from the end of the transition to ‘the beginning: of the

vertical bend. Thls resulted in e marked improvement

in ’che splashing at the verti cal bend. Tith the fl.;t ton

contraction in the- traneiticn and the coping on the rear
wall, this vane 1ncreaeed the discharge at vhich splaeh~‘
ing began at the lower W1ndow\frcm 130 000 ‘sec, Tt. to
162,000 see. Tt. Severe epleshing did<not oceur till
the discharge reached 190, 000, sec. rt.ﬂfe N |

As the splashing:out. at the window : always occurred

on the left side, it was: at firat thought ﬁhat by inclin-

ing the vane toward the right eide cf the pipe mcre water
could be foreed to that siae end the eplashlng relieved.‘
The direction of &he vane was thererore cLanged 80 thet
1t extended from the mnidle of the bcﬁtom of - the pipe at
the upper end to 5 ft..togthe rlghtch the middle et?the_
lower end. This-change howeVerwincreasedﬂthe'SPlaehing,
reducing the discharge et which splaehing began frem
162,000 sec. ft. to 155 000 sec. ft. and the discharge
for severe splashing from 190,000 sec. ft. to 170,090
sec. ft. The vane was then moved so that the lowefﬁend
wvas 5 £t. to the left of the center of the bottom. In

this position the splashing from the lower window began
43
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at -about the ‘same - discharge as wiith the vane in the

genter, but no severs Spladling occurred ror dischurges'_;

up to 200 OOO sec., ft

The explanation of this unexpected action seems t°; ::

be that the water approached the verthcallbend With 1

greater depth on the right side. In passing around the‘-'-"‘j
verticel bend it was: acted upon by 8- centripetal fu:ce,_!wﬁ»fn

and since the mass of: water on the right side Was greateris

than on the left the force was greater on the right L
side. This grester force caused a. greater pressure in
the wauer et the bottom of the right side tban at the ‘
bottom of the kaft side -and ‘the water mewed rrqm the
Position of greatest pressure toward ‘that of 1ess pre-d%
Ssure; that is, from the right side to the left side.

The greater mass at the beginning of the bend was on

the right side and in passing around the bend mdved
across the bottom toward the left side, up the deft |
side and across the top of the ‘bend toward the’ right .

having moved with a spiral ClOCkW1SB motion which

made it cross the face of the w1ﬂ10w, which 1s in the

unper side of the bend, in a direction inclined towarﬂ

the right., The vane with ‘1ts end toward the reft reauced RS

this motion because it forced nmore water in the Anclined
tunnel toward the le £t side of: the p*pe and thus mede the

oentripetal force on the two sid es :0f the Pipe more

49
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nearly equal. loving the‘vana“toward?the ri@ht‘smfé L

at the lower end- 1ncreased the mass on the right side,

making the two sides more unequal and thererore 1ncreas-; “

ing the cress metion which caused- the splashing.
Bell Mouth Portals |

To improve the conditionsmatEthe‘ehtranbe{t6¥thé'v
transition, a bell mouth wes placed on the pm:tal. This
vias bullt in two stages, the first. shape being as éhown
in Figure-éz This sorewhat 1mprowed ‘the ‘ent rance '

conditions, but was not large ‘enough .and a. larger one

‘5 .
was built as shown in Figure-ﬁﬁ Since ‘the tunnel portal::

as originally built was practically=0ppositefthesendfor
the cgee crest, these bell mouths extenied beyond the

end of the crest and it was necessary to leave a space -

on the crest side o them.through wnich the tlow from

the snd of.the crest.could,pass, :Thiswauld;nox:beLa, 
practi cal form-or:constrﬁéfibﬁ:fbrffhé?prbtotype;Fﬁut 3
the set up served %o indicate vhat. results might be_-
secured With a bell mouth entrance and 4F it -was instal-
led in the prototype the: necessary adaustments coumi ‘bea

rade. The larger bell mouth improved‘entraaae conditions
’;; e R

considerahly and it waS’usedfthrdﬁghout the remeinder of |

the tests,
Cylindrically Faced Baffles

I8}

In arder to break up the wave which piled up on the

side wall of the spillway, and to more equally & Ltribute
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‘”i?'ﬁ o
the flowing water in the cross seotion or the channel

various combinations of baffles with cylindrical races ‘were..

investigated. The first 86t up of these barrles is snown'

&5y

in Figure €3, " It consisted Of sections of baffle lO ft.v.”‘;_rs

long with 10 1%, spsces between, ‘set on ths centsr lins
of the channel, The oylindrical face of the: baffle had >
& radius of 6 ft., giving it a height orlz ft. and ths
baffle had an over-all height of 14 ft.~ These baffies

.improved the flow in the chsnnel ‘and. tunnel somswhat butf

not as much as the bafrle on the rear- wall The splashing
began at the lower window in the vertioal bend with a

discharge of 130,000 :sec. f't, The conditions of Llow
are shown on Pigures:gé ‘and . ﬁb The barfles con51derably
obstructed the flow in the cn&nnel howsver and submerged

the welir at the upper - end to: sufficient extent to obstruct

the. 1low over 1% and reouire 8 higher headrater level “than

contemplated in the design to produce the aoo ooo sec. Tt

discharge.

The baffles located on the center 1ine of the channd[
with their faces parallel to it, viere not exactly at right_

angles to the direction-of'flow, ‘and a consnderable oortiono

of the water was deflected downstream and impinged on the

f‘y
next baffle below, as shown in Eigure %Us  To remedy this
condition the baffles were placed with their rocesninclined

upstream 15° with the center line of the channel,'the row

26
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of baffles still extending down the chunnel center 1ine
as shown in Tigure‘&t Tha flow condltions W1th this-

set up were .a slight improvement cver those with the
previous. one boﬁh 1n the: channel and in the tunnel 5ut B
the baffles still-eo'obstructed-the flow-in‘the.channel ;
that a water level above El, 1252 wa= necessary in the .

forebay to produce a discherge of BOO ,000 sec. ft.ﬁ The

location of the baffles was then: changed frcm the’ center-ﬁ

line to a line halr way betneen the center line and the |

bottom of the crest, the 1ndivldual baf les being 1nclined.“'”fi:

150 with the center line of the channel as before ThisA*:”“'"
set up was sligntly better than the preceding one, but the ?fi
obstruction caused by the ba fles was still too great.r As
the two upstream baffles seemed to obstrlct the flow with-ll_
out improving condltions, they uere removed but the Iesult

was not a materlal improvauent..

The cyilndrleally faced baffles were next placed in g:)

continuous line down the‘channel .beginning 61 ft. to the
right of the centoer line at Station. 1+oo and 15 ft t., the
left of the center line ax Station 5* v The submergence
effect was not as great as for the pree;ding test but Wanr
st1ll Yoo great, and severe thumplng oecurred -at: the down-fj“

T

streom end of the pipe.

In order to reduce the submergenLe,smaller‘sized
baffles were tested, These had & cylinder redius of 4% f%t.
ard an over-all height of ll ft. They extended in a line
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Figure ‘60, Cylin-

drical Baffles, Faced | |
Diagonally Downstream,

R = &3, ,

e

. e VA

2
)

oot TAGUrE 59, Cylin-
——ZZ% drical Baffles
% .-End to End :at Angle -
we. With Center Line, .

= Radius. 4%7;11'&, -

...-(’

Figure 61, :Cylin-

" drical Baffles,

Faced Diagonally
Donnstream, R = 4%,
Q = 200,000 sec. ft.
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from 8% f£%t. to the right of the centar lins at Station

0465 to 20 rt, to the right o the center line at Station o ‘
3475, (Flsure fg) u'ith this bsf*‘le the submevgence aid

not obstruct the flow ovsr the crest, The results of thislc“:’

set’ up seenied to be somewhat of an 1mprovemsnt OVsr ths

-,

previous onés and the baffle was extended downstream tolji

Station 4+50. Ths extension, howsver resulted in bad o

splashing at the vortical;bsnd., Ihe splashing bsgan at sf
152,000 sec. rt., and was severe at 150 OOO sec.;ft The

shocks at the lower end ‘of the. tunnel wsre not large and

oceurred on an’ average, once in 5 seconds. R

|

!
N
f ;

The *ont*nuous baffle of the previous run was made
up o blocks 10 ft, long. A test was. msde “with svery

other bloek removed.‘ This set up was eimilar to the |

first ones run with the cylindrically faced baffles but -

the bafrles in this case were smaller. The conditions‘

of flow in the -channel Were fairly good and e&cessivs

suomergence at the upper end did not occur. The splaSh—
ing from the lower Jindou began at 155000 sec., ft and

became severe at 1?8 000 sec. ft The conditions at the
end ot the tunnel wcre/very ds31rable, shocxs occurring ‘
at average intervuls of LO seconds. o |
‘ Cylindrically faced beffles were &also placed as -
shown in Figure fﬁi The water flowing orer the crest,

upon striking the face of these balfles was deflected

#E
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Figure 63, Gylin—
arical Baffles,-
Faced Diagonall
Upstream, R = 4
ft., @ = 100, OOO
sec, Tt.

Figure G2,
Cylindrieal
- Baffleés ¥aced -
: Diagonally-Up- |-
lstream,‘R“=r4g‘rT'

§aﬁg

ol S ’ T ’ B
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N
s

Flgure 64., Cylin—?
Parical ‘Baffles, .

}raced Diagonally
rUpgtream, R = 4%
ft. § = .200,000
. sec. ft,




'downstream, thus tending to increase the velocity inebx
the channel and reduce the cross section necessary and'
consequently the cost of the soillway. At small dls—
charges the action of the barfle in deflecting the Tlow
from the crest downstream could be obserVed.- This ac~-u
tion probably continued for higher rlows also, but the
obstruction cffered by the baffles of fset the advantage-
gained and at the 200,000 sec. rt dischurge (Figure 61)

the conditions of flow were not. appreciebly improved :
over the conditions for no baffles. :

Tests were also made Wlth the cylimhically faced
baffles placed:as shown ‘on Figure 62, .Witn,baffles »
in this positlon it.weo~believed'that:the water:wouldg-ﬁ
be forced toward the ogee side making the flow on
the two sides of ‘the channel at more nearly the ‘same
height. Figure 63 shows that at e lOO OOO sec.lft.
discharge this result was accomplished.‘ The obstruc- 

tion of .the baffles and ‘the effect of the upstream de-
flection of the water so impeded the flow 1n the chan-
nel that at a 200, OOO .sec, -u.ldischarge (Figure 64)
sutmergence at the upper end of the cnannel became ex-

cessive and a waeter level of more than El. 1252 vias

required to produce a 0,000 sec.‘ft;'discharge.
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Iigure 65, Vanes 
~on Ogee Crest.
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Figure 66, Vanes
on Ogee Crest.
Low flow.

Figure 67. Vanes
on Ogee Crest.,
Q = 200 ,000 sec.,
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Vanes on the Ogee Crest

Vanes on the g ee crest mere elso tried to direot

the overfelling water downstreum and permit the use d?

a smaller channel._ The Tirst set up 15 shown in Figure
65, The water felling over: the weir ﬂas not deflected
dlrectly downstream but: somevhet out to the side,»with

a considerable downstream component es shonn in=Figure
66, At the larger dlscherges these vanes obstructed

the flow and caused excessive ‘su mergence at the upper
end of the crest. The conditions ‘in the channel'for
200,000 sec. ft. discherge ‘are shown on Figure 67. .
Considerable vibration also resulted at the- downstrean eJ
end of the tunnel, “the average period for*severe shocks'
being 4 seconds._ The upstream four vanes were removed
as they eppeared to obstruct the flow This sllghtly
improved conuitlons in the ohannel but exce951ve sub~ '
mergence was still present and the frequency of severe 5*.
shocks :at the tunnel exit veo increased to a: 6 eecond
eve'ege. The downstream four vanes were ralsed to a

posi tion where they would not S0 greetly obstruct the _
flow, This elimim ted the v1b1ation"at.the end‘ofnthe

tunnei, but produced an unstable oondition’in”the chennei.
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Figure 70. Trough on CreSu Side..
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At times the channel et the lOWer end was rull to
El. 1225 end at othera it droppea to a level}zo Tt, o

lower. No reason for this uas apparent. ':'%  r’3ff.fﬁ7
Trough on Crest Side of Floorl»ﬁw,_. . -"A,?a . f.llfi
This. model (Flﬁure 68) wao mede by remov;ng ‘the 51 S
false floor and building a raised section on the wall”

1
l

side. For floms up to lOO 000 eec. ft the raised
section caused a very ¢isturbed condltion in the chaﬁ—

f E
nel, with a stream of water rising up in a rouﬁtalnf :

4

o

.effect along the center line of the channel. The condieiﬁ L

. 1! - j : } X
tion for a 100, OOO sec, ft. dlscharge is shown in Figuref

89, Distrubed: condltlons still existed at 150 OOO sec.
seeffe / e
£t. (Figure 70). ‘At 200, OOO,the conditions in the chan~m,-

nel were reasonably good (Eigure 71) r"he severe shocke.
! .‘

A -

at the end of the tunnel occurred at- intervals of abou
i IR : /a? 4

'l5aseconds.. ' L _:iﬁr_;-f e -;'W

4 dentated sill 6 £t. hl@h was placed atathe left _{Qlf-_iﬂg;;

edge of the. ralsed portlon of " the channel rloar.h This
tended to. hold the water to the rlnht 31de of tte chan~'
nel and at low: flows causeu the tlough at the upper

end to.be swept .oat and ;roduce very tulbulent eondi-
tions. A weir was also tried across the lower portion
of the chamnnel bottom at the dpwnstreamaend outgthls
did not ﬁeticeably improve the {low. |

Plain Si11 ani Dentabed Sill on Channel Floor

Experimen ts were made with a plain sill With
s/
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vertical face 6 rt high extending from 20 ft to left

of the center 1ine at Station 3+OO to 4 ft to left of ]_e~-“

the ‘center line at Station 0450 , At high flOWs this

,Produced very good conditions in the channel and at the S

end of the tunnel, small shoeks occurrlng only about

once in 15 seconds.r At lon rluns hovever the conditions:fr'

in the channel Were undesmrable. ‘At:audischarge’of
15,000 sec. ft. the stream was. thrown VerthdllY 1nto o
the air in.a fountain formauion. At a somewhat higher.
flow a pressure area Was . fbrmed upstream f‘om the baflle |
which forced the stream upward so.that 1t passed over =
‘the baflle w1thout impinglng on" it but 1nstead rose-
high above uhe bottom and dashed against the rear wall. ;
VleWS :of this set up for several condltions are given |
on . Flgures 7? 75 and 74 S , o 1 |

| The - nlain sill was, replaced by a: denﬁated sill |
6 Tt. higim extending from 23 £t to left of the center
1ine at Station 5+oo to & pOSition 14 ft. R left of '

. the center line at station 0450 This imploved the :

condltlons of flow in the channel at low dlscharges.
The conditions at- the end of ‘the: njpe hcvever were '

worse, as.severe ;h0eks occurred 7t inte"vals avelag- Yy
WA

R
b

ing 1.3 seconds.

5y

—

5.2




Figure 75,.‘Trdugh4in~FloorWA10ng;Rear-
Yiall, " Hodel (11-2),Scale 1:100.
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Figure 76. Trough in floor 4Along Rear
Yall. € = 200,000 sec, ff.
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- DRUM GHTE TYPE- 1:100 . (NODEL hﬁ_)

A small model of the drum gate type of . spillway

was constructed by A .:u. H. Price on' a l lOO scale_f”1,d§s

to test out the p0551bility of - using a trough 1n the'v"d
floor of the channel: dlong the - bottom o the rear o
wall. It was expected that thiS'would reduce the
height of the wave along the rcal wall.u The channel

of this modsl was: apnroximately ‘the- same design as |
that of the k-1 model.: The-transit'ion*was“slﬂightly%:'
larger in proportion and . of less abrupt curvature than
the M-1 model, In arder to simplify construction it

was bullt without gates or the intermediate piers. :
Figure 75 shows the. spillway Wlth no. flow 1n it. The
trough on the wall side of the floor proved ineffsctive
in reducing the. height of the wave, . The stream from

the welr geemed to. jump off tﬁf edge of the tﬂough ami :
flow in an inclined directicn downward to the bottdm i
of the trough, thence across the bottom and up the rear

wall, with practically as’ much energy as w1th no. trough.f

The condition of flow:in thls model for a 200 OOO sec. :

ft. discharge is- shown_in.Figure 76, o
The -trough was then mored to the;ogeeﬁSide‘With N
better results. The actlion ih this.case was vexry

similar to that for the M-l model. The coniitions
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77. Trough on Ogee Side.,~
00,000 sec. ft

Figure 78. Trough on Ogee Side.
Q = 200,000 sec, Tt.
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ol Tlow. for 100 OOO and 200 000 second feet are o

shown ‘on Figures 77 and 78 respectively. A com-f“

i

varison: of Figure 77 with rigureréé Shows a very close  f
similarity for lOO OOO sec.:ft flows on the M-B and -

M-1 models, rebpectively.. The pictures of the tWO'

models for a 200 000 sec. ft. flow are not conparable, :

as the flat top in the transition of the M—l Was not

~built in the M-2 model. .Atethe,lOO 000,see. ft dis- ‘

charge this did not come into ection.‘” B
This small model was - also tested with a flat
floor similar to.the: raised floor in the N—l model.
The conditions for discharges of lOO OOO and 200 000
sec. T4, are shovn on- Figures 79 and 80, respectively.r
It was beliBVed that: oonsiderable imorovement
in the flow conditions at the louer end of the: spill-
way could be made by altering the transition between
the uhannel_ano,the.inclined:tunnelfpipe. The. top d?

the transition was raised'at the*upperfend-andrmade

to incline more steeply downward.~“Thefresults‘however5]

vere unsatisfaotory,at a: 200 000 seo. ft discharge,
the water from the ridge against *he rear wall im—
pinged on the top of the transiﬁion.and formed-an '
unl esirable wave, as shown in Figure g8l. The condi-
tions for flovs of 100,000, 1%0,000 and-lB0,000‘aree

shovn on Figures 82 t 84, respectivei&.
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. "FORT COLLINS '1:60 ‘SCALE
'DRULS GATE SIDE C~IAI\TNEL DDSIGN

-~ The - characteristics of this design may be seen onr:5l*

Plate. kIV which . shous thc first model set up, In all
“the tests the: crest and ‘slde channel relatlon rerained
the same bdut seVeral different designs of the tunnel
transitlon were tried. o R

The model was: built on a. l 60 ratio or a scale of,‘

1" on the model renresenting 5' on the prototyne. This  _7

gave four drum.gate 0penings of 20 1nches each and a

side channel trough - approximately 9 ‘inches deep at ‘the

,uncer end and 19 inches et’ Lhe lower end Lhe crest and

side chennel were constructed of hO"d frames covered with

galvenized iron, The trangition to the tunnel was made jluf

by rumning laths, between. collars at various ;ections, and

plastering over- them with a; mixture : of quick settlng .ce~  ¥

ment, lime and sand. ‘“hc circular tunnel scctlon below

vas made of transparent pyralin tubing 10 1nches in dia-

ncter vhich, after maxing a vertical bena of 50. degrees;
ran into a section or cast iron nipe in which ‘the hori~ s
zontal bend of the tunnel vias - accornllshed. The top of
this. pive was cut away as much as possible to obtain a
view of the water Tlow alound the bend 'S
The hedd of water over the creqt wascnprcximately

S inches .at the maximum flow and.was measured by means of

55.
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N
S float: gage in e well connected to: a pipe thet ran out in
front of ‘the: crest ebout 30 inchcs uostream therefrom.l |
The maximum flow over thc model was about 7= 1/2 cubic
Teet per second end vias measured over the welr es described_]

on nage 6,

The weir was submerged for ell but the loaest flows as;t,—

the forebey was backed uo over 1t ‘due - to placinb the model* o ;

erest too’ high in the tanks. Thls introduced a probability"t g'

of a small error in the f1ow mca;urement for: although the =
4

welr had been. calibrated when submerged the meaeurements Were.

not made st exactly the renge used 1n the maiel tests, and the

quentities had to be tamenfrom extcruoleted callbratlon curves._c;

The dlfflculty_could hdve been overcome by 1oweling thc model ‘w;
crest but this meant nractlcallv reconstruction of thc model
and 1t was declded not to take the time .Tor the alteratlon.
The main DbJeCu of the exneriLents iwas- to aevelop a
design that would - carry the ﬂater ‘down the tunnel, w1thout
completely filling it in as: suooth and straight llnc flow

as possible,

The principul eynerinental methods followed to: accompllsh

this were: ‘ o | _ y ;
I. By blocking off transverse floﬁrfrom.creet ete
the transltion entrance, ' u o
A. By ‘blocking: of £ the ‘last 60 feet of the crest
hand¢placing a 60 ft. gate on the'centeriline _
ef the chennel;at the upstream-end, to main-
tein the capacity.
| 56,




n%Tést No., 15, Comp&re Wit Test No. .
28 to. show similarlty af actron to B
B. By moving the’ITan51tiontEntrance :
60 5. downstremn.__h"  e :
Test No. 18. Compare wlth Test No.‘:;-

12 whlch vas made on the orlginal

dESign.. 

By placing a weir across the lower end of

B St tAlpaiet <ol

the channel

A, To create e dissipation pool and over—,;j-‘
' flow crest ‘that Would level off the water’ -

surface ‘at the traneition entnance..

-

‘Test ho. 24 shows the ef;ect of the

:dlfferent helght weirs.

A
,;,
¥
}
I3
:z
i

Test ho. 28, Compare rith Test No.

16 to show the ef;ect of the weir .on the_

M NI Bl e A e 0t ¢ dnr ¢

channel water surf&ce.;' | |
By use cf weir and offset in tunnel entrance.
A, Offgset to prevent hl@h Velocity along .
“ the crest face and fill in water surface:'
depression there. |
1. ¥With.a 70 ft.:widthweirandqa[id){
‘ft.‘offset; i o
Test .38. ‘Comnaré'w th Test 28 to

show the effect of offset and weir.

2. Vith a 40 Tt. w1dth velr and a 1l4.
ft. offset.

12

RO e e o
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V.

IV,

By giving 8 flatter slope to the transitionf,,

'Tests B4 and B, Gompare with Testef’l_
=43 .and 44 which have about the same K

;Wafer surface elevatdons.

floor.,

.‘ ’AI

To check high ve1001ty fall and level
cff surface.
Testssas and 44, Compare with Tests )
41 and da which were made on slmilar
transitlon that. hed a steeper flocr

Aslope.

.Also tests 34 and 55 ?Compere:ﬁiﬁh

Lo e

‘Tests 52 ‘and 5. ';--J R R

. By placing baffles along chunnel floar dr

on the oreet face.

B ek T A Lem

A. By impact and reverslng the flow to i __f é
-dlsoipate the . energy of Lhe overflow . {lii
from the crest._ 7 _ jh} é

Test 44, Compare wlth Lest 43 vhieh ,‘ ff’ E
was made- w1thout baffles. - | }if‘
B. By. creatlng two opp051ng rolls to. 'jHEQZ
dlssipate the energy of overflow. }féz
Test .5¢. Compare with'Test 52 whieh ,§€@
was made without baffles. Compare with - g ;
Test 44 to check flow conditions ig the .
channel, 58, -
*w — T il
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‘MODEL g-4 - :T

‘The layout cf the crieanal design is shown on Plate
XIV. It will be noted thet the'roof of ‘the transition ‘on.
the model is left: off for a distance donn ‘S0 that observa~*_~i
tions of the-flow could.be made.- The acnion of the flow
down the tunnel, .as observed here,‘Whether it was. symme-';* _
trical or not, and the eitent to which 1t fllled the Lunnel..\
was the main criterion for Judgment of the wcrth of the set
up being tested. Uhfortunately no . satisractory nictures

could be obtalned ‘of views «down the tunnel due to inter—i'

ference of the framing cross pieces and the lack of light.

Figures 85 to 88 inclusive, show the comaltions existing

in the channel and only 1nd1cate in 8 general way'what is B
happening down the tunnel. As a general rule the more

Level the water surface at-the 1ower ‘end - of the channal the

better the flow dohn the 1ncline and the ccmnarison in thisiﬂﬁ:

way can be made of manyfof thevnhotographs.. In*whe pictures

of Iodel C-4 (Figures 85 to 88 inclu51ve) the piling up

of the water. against the rlght side wall will be noted, givingv5f’"

an unbalanced water surface which produces a uhirl and tends

%0 clog the Tlow down the tunnel. e | | |
It wgs thought that it a length of channel Was alloved

below the crest, the water surface nould_have»moreachence

to level T before.goingidown'thentunnel.. Tﬁisfextensbon

would also eliminate the transverse flow kick just at the

tunnel entrance.




Flgure 90,
& = 120,000 sec. ft.

LOWER 60 FT. OF CREST BLOCKED
OFF, GATE IN VALL AT UPPER D

O

" Figure 89. o Discherge.
730 £t. Sieir Across Lower
./ End :of* Chennel. i

B g i

Figure -91, _
€ = 200,000 sec. ft,




To test the 1dea, the last 51xty ‘feet of the crest o
were blocked off and 4in crder to’ maintain the same capacity,

a gate 31xty feet wide \es cut in the upstream end of the

channel as shown in Figure 89 'ThlS materlally imnroved
the flow as wes ant101oated.~ E only the idea to the
original design the- tunnel tran51t1on was moved sixty fect
further downstream from the last gate as shovn on Plaue

XV,

Vlgures 90 and 91 1llustrate the flow in the set

up with the- end gate and the last 51xty feet of the crest

blocked off, but in ‘this instance ‘there was also a30
£t. welr;installed across the channel at the lawer end-
(discussed 1ater) This test may be likened to lest 28
in which the same helght of weir was used in the channel -

after the transition had been mcved sixty feet downstream.;

NODEL G 4&

To obtain the same: eflebu as’ blocking off the flow
- from the last sixty feet of the c1est the tunrel tranui-__e
tion entrance was moved slxty fe b dOJnstream as uh@?ﬁ
on Plate XV. The photographs of’ the flow in the channel
for this set up. =howed §0 llttle varlation From those of
Test 12,‘Page_§.‘ tqat ‘they will not be included here.>"
It was hardly p0551ble to. discern a. dlfference'ln the

pictures and to tell what ves: actuully happening to the

flow down the shaft, It is more reaqily seen, from
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rigure 92. Set up.

Figure 94. 20 Foot velr, Figure 93, '30£ﬁoot eir..

DEFTATLD SILL, VARIOQUS HEIGET VEIR ACROSS LOJER END OF
GHUEHI. Q=200 OOO sec. ft.

6[4,
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contrasting‘the*ﬁater‘surfece curvee’(not:inclu&edﬁ,'thaﬁ *
there is a leveling off and greater depth of the water
surface at the lower end o the channel,'which conseouent-°

ly resulted in a smoother flow doun the transition. This

greater ‘depth of water in the channei for the s&me quanti~'l-.‘

1ty of water flouing was only at the lover end and did not
reduce the COBfflCient of discharge by creating a sub—_ :

mergence of the crest

The extensxon of the channel below the spillway crest

wes considered extremely beneflclal 1f‘not absolutely
ne gessary, and was therefove incorp01ated In most or the
set ups following. | _ _:'_. . . g

Also, as the 1ncreased depth of the veter in the 3;
~ channel seemed advantageous, the 1a§E was carrled furthefef_fg
by trying weirs of varioua_helght across the channel at |
the lower end. This creeted a pool 1n hlch some of the
energy of the soillwaJ cverflow was oissipated end the
weir efforded a bavrler whlch tended to smooth oat the ﬁi
overflow from it. | .>'. | 7

The effect of the various helght Welrs mey be seen
in Figures 22 to 95 inclusive. thhough thls set up had
a dentated offset in the'chennel flooT (diseussed latel),
the smoother flow, 1n comnarison, at the tunnel entrance"
i.-s caused by the use of a _higher_wei T, Comnare to Fi gure
88, | o

61.
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The increased depth in the channel caused a- sub—l‘

mergence of the crest &t the upner end that would necessi-'ge t7*“;

tate a rise of 0,5 ft. 1n the rcrebay levelttc get the
- maximum of 200, 000 e. f s.‘OVer the crest. TR

‘Alithough naturally the weter surface is higher over“

‘the B0 %, weir than the . others at the entrance further fT -

domn the tunnel the water surface from the higher weir is
‘below those of the lover welrs,‘shcwina the tendency of the

flow over the . higher weirs to ‘flatten cut down the 1ncline.

MO0 DEL C 4b

It wdll be noted rrom th° photographs JFigures 93
to 95 inclusive) that there 1s a denressicn in the water
surface on the crest - 31de -and that the bulk or the flcu

seems to be down the right.’ This suuyested an offset dn

the center line of “the tunnel which woulc project the end o

wall from the.crest face.“”he nrogectlng wall tends to E

check the velocity along the crest face, fill 1n the de— ::f

pression and raise the: vater . surface &t this point. fAir'

layout with the combination of ‘a 35 ft._ueir located 60 ft

dcvnstream Tfrom the end of the crest and a 10 ft. croaccting_g"

end wall as shown on Plate £VI vias built and. tested. Flg-.

ures 96 to 101 1nclusive illustrute flow conditions in the o

channel,

ETL MRS e e i R e A T e,
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Note the exoeotioually smooth flow into the tunnel
at the: maximum dischdrge ‘as: seon in Figure 101. oDomn the
incline the flon was well on the bottom leaving the roof

clear, wi‘th only an oocasional splash uowards.‘ This

set up.gzave better ‘Pl ow conditions do:n the tunnel than :

any yet tested but: bached tbe water un in Lhe channel .
causing a- subnergence of- the crest thﬂt reduced 1bs oap--“
acity. It would require 8 oond O 60 ft above‘the normal B
Elevation 1232 to . nass the’ EOO 000 c. r s.‘ Consequently,
in the fins1 design, that is, the best oesign aevdoped to
date, the tunnel transition vas dropped 4 8 It ma&ing

the weir at the entrance at Llevation 1140 See mod&l{tﬁg

- The use of the lower. weir decreased the submorgenoe on -

the crest ang inoreesed its: oapaoity which however, Was.d."
not yet quite up to the maximum reoulred This was later
obtained by an alterazion .of the crest thdt increaeed the
coefficient of discharge.’ ‘ . |

LIt would_seem'that the ‘higher the weir the smoother |
the rlow over 1t, It is: believed thdt the elevation o
the channel floor at the Upper - end could be. decreased
even dropned t» muve the floor level to;cutqdovnfthef
submergence on the erest end a ‘higher weir us ed.whioh
Wwould result in improved Tlow conaitions.

A slight rise in water surface esneclnliy against

the crest face was noted, This howeveyr did nct.decrease




A S S S en

o

~ h ., : rl‘. -~
waﬁu..am..._q Ay ii..Y
H P I AN A N

SET UP

‘MODEL C~4c¢

RO P PP g




'm--- e

o

b i

S BAY Y Pra b o WA Lo e

e i o i,

e

RO

Flgurp 104,

IR TA

N e e e e e s e

Q= °OO ;000 . sec.rt.

e,
Y1 10y e ot 1 g 1,




e e e e D L R
" - - e s e ¢ e i s e e e
e e el et L et e s et

L]

e 109

igur
. It

Ii‘

™ & Ve R0\
. ™ T

LR R |

e

A O - S
: o, : -

TIALLT AL batia 8 ik DA o

Q
@
(0]
o
o
o
o
o
—~
1

Ry

Q
o
KO

i T
o

g
oot
LTI,
%‘&“.‘

——y
e
o

gy =
- atiran,

L.

FIGURE 107




et ot o e et e -

ﬁlgurs 111,

T ————— e e

Figure $12, In Tunnel at End of
Transition.

1MQDEL, C-4c, VITH BAFFLES.
Q = 200,000 SEC, FT.

2 XL pnai %)

T e et o s w2

gure 113, End ol
raP51t10n gunncl
ine Remove

TS




the canacity of ‘the: snillway but the. rise Lon. the kft
side tended to level .a f the: surface whlch was beneflcial.
Comparison wlﬁh Test 16 may be made to show thefbene~:5

fits obtained from the use : ofa weir across the lower end

of the channel. Comnare Flgures lOO and 88.‘,"

MODEL C-4c

It will be noted that 1n tha set up jUSt ai ussed

above, see Plate JVI the Welr was raised across the emi

of the channel, making a length of seventy feet along its
crest and the transitiom nerrcwed into ‘the tunnel from f'
. this width. o RRRENIR S
It Was-seen-that'coﬁsideﬁableeeafing*in;fheecestxe
of constructioncould be: made it thecrlglnal forty foot
width of bottom could be held.- Inthe - set up for Hodel
C-4c, see Plate XVII, ‘the original ae51gn of the transition,
. Wwith respect to W1dth, was -slid: up the right wall to give ‘
a weir and offset as: large as p0551ble without backing o
(the water over the crest and cut‘bino dovn the canacity.
Photographs of the flow, some of‘vhlch viere taken.when
a dentated baffle (dlscussed later) Wﬂo instelled in
the channel are showm on rigures;loszto;lls 1nclus1ve.
The improvement rede by theeuse;ef the}bafflee~was;very
marked in this set up as_seen.byacomperison of the photo-

graphs.
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The Tlow dovn the tunnel rith thi s

the dentatedwbaffles set in along the floo Aconditions

of flov were about as good as any we obtained with any

‘_°et up, although theyfceused a': highel water surface in the "|

channel that cut the coefficzent of. discherge dovn from epg'

3,64 (required) to 3,57, The alteratlon made to theucrest

N
later,.however, would allow thi° se* 2 .to pass the required

. quantity.

Comparison of these tests canI;e mage ﬁith Tests 43

and 44, Lodel C—Ag, to check flow action'in the designs

o . h o
using dlfferent Weir 1engths.'*ﬁrom the photogxaphs there

L

seems to be little ch01ce according*to tﬂe behevior in the.e’ ;

channel,- elthough for uodel G- dg the flhjthNn uhe tunnel

T

transition .was a u*t more oatlsfactory. l

hODTL C~ 4p

This set up proauced the best floa condiuionsyof ahy
yet tested, thut. is, m.thoui. cutcing aov’n the spillnay"._
capacity by eccesgive submergence of the orest, and ineor»
porates the most benef101al features of: design developed 8
by the 1nve°t1gations, 1 e., the welr 1ocated aownstreqm
from the end of the. snillway and the a:fset in ﬁhe tunnel :

L ow

65,
T N
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entrance, as.well as thefflatfef3¢Leﬁ$ition5floor¥pera— ’ |
. bola discussed later. tf‘ g ]”J’;f;. , '_‘; ‘aﬂl,.~{,: “f‘ §?"
Tlth the baffles in along the rlour of the channel .

an. 1mnrovenent in the flow: down the'tunnel was noted

L - especially at the. 1oner flOWS-ﬂ»"” -

:Jompare these pictures W1th those of Test 58 Peges
;ﬁi, Glﬂ—and G b in which the same set up was used except
e that the weir was- 4.8 ft.'highen, See Plate xVI. There |
is seen to be a- marked 1mnrove¢ent iin, flow conditione

in the channel, according to the phototraphs, jn the ,;7

. set up with the weir only slivhtly hlgher, ‘but the ap-v-e* .

— e

- . parent: aecided difference was not: manifested in greetly TS

T AR . T i
!af”\{; improved flow conditions down ‘“the tunrel t ansition, ‘ B lt;
g ! | , .

although there was some 1mprovementrnoted. The ‘use of

the higher weir 1s 1n the right direetion but ‘as nrevious—

ey e —

1y stated the set up. for hodel C—4b necesritated a foxebay ' '[f

eleVation of - ubcut 1232 6 to nass ‘the reguired: 200 000

.c.t.s. Wlth the . crest alteration made later however it"

vias found that the capacity would be duply carried if
2R no baffles were used along the floor, end would Just pass‘

. the required flow with them installed.

NODEL C 4d

- | The set up far Model G-4d is shown on Plate XVIII

and differe from lodel CA4¢ Plate XVI, only in the sldpe

of the tranvition floor,.uhich was steeper for this set

, up. The pictuzes of the flow in the channel for this ' [iﬁ

[Ep——— e

et e ey
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‘mod el do not diffar from those of Tests 43 and 44 Shcwn,tT'fj
in rlgures 119 to lBD inclusive, toube~inelude&:here. -
' The flow down the tunnel for this set up was not as
- _ satisfactory ‘as in Model C-4g, tending to splash more and
Till the shaftvto'a;greater;depth, "It was indicated that R
~if the jet‘cbulatbs'supportedftO'afgreater extent ”that
is, 1f the inclination of the shaf't’ could be nade flatter,'-_;l

" better flow conditions dcwn it would result. o

F%Dim,c—4f ‘ ‘ "'7»L Tij_ve*s =
uodel c- 4§ Plate«xzx dif*ers fram c_ac, Plate R
» - BVII, in thﬂt ‘the floor slope of . the trarcition was made

&

(s

flatter to check the result of ‘the tendencles indicated -
in the tests of lodels C-4g and G-4d --tnat to lessen the :;‘
abruptness of drop into the tunnel vould be benericial. )
The result was somemhat aisapnointing as very little
i improvenient in the flow dcwn the tunrel over the Noael,_'
. G-4d, set up vas apparent and tle condltions of flow
_ _ were still not ag satisfactory as those of MGdel C—4g.
e 'j : It would seem that the high,weir does the uork ﬂlr
‘ higher the better, which feature As:the outstending dif-
ference between this model and hodel C 4g. _

Photographs -of flow in this. se+ un aiffer. little Tran
those of tests No. 34 eand 35 for MOdel-Gféc,;Figures llQ E gf
éfqaﬁ : to 113 inclusive. Fhotographs of the meximum flow will B

be found on Figures 110 and 1ll. -

67.




BA“FEES e
Nmmerous types of baffles were tried in the<channel
to eheck the velocity of the spillway overflow and pre-”
vent. it from piling ‘up along the right wall, producing

v

unbalanced flow down the tunnel.

Tests on. some of the set ups will be discussed briefly

‘later.and only the two types that gave the vest results‘~f

will be conszdered here. T R _
Figures o2 and fﬁzs ‘sbowfdentated-baffle.-that
gave good reﬂults. ' This tyre. of baffle is merely an
- 0ffset ledge leit in the bottom exoavation, nith ove*banging
‘blocks built orojecting out rrom it, end is: ouite feasible
structurally and economically. B b | “
In operation, “the overflow Jet is reVersed back to-._w
ward the spilllvay face ‘causiné greater depth of flow |
along that side, which ‘tends to level of L the uater sur-t
face, vwith. consequent snoother ano more symmetrical TLow
dowm into the tunnel. The dentates allow an 1nfiltrationiu
of flow on the right side that hau very llttle transverse:‘:_
velocity to cause piling up on the . wall S '
The face o thedbaffleeorrledge'was.seb‘diagonelly'
out across the ehannellto-give.afdeflectingusurfaee down-:
stream, tending to cause more flow along the crest side.
This also eliminates g tendeney of the.water in the channel

1o nore back and forth in a regular recurrlno roll that was

net iced when the baffle face was set on the center line.
See Test No, 17. 68,
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The diagonal baffle, at the lower end of thc channeliof;;
draws away from- the weir face leaving a barrier/gcross
the full width of 'che channel over: which “the I‘lo.\\ is
‘symmetrical. “ | | B
Operation of" the*baffle at the dlfferent stages of
flow cen best be ‘seen from Flgures 123 to 150 inclusive,.
and Figures 107 to llslinclusive.o‘ Lt the Low flow of
40,000 o T.s, the baffles .are barely covered but at
80,000 and 120,000 c.T.s. the beneficial flow'results are :
beginning t o be seen." Fote the leVellng off of the channel

Water surface and the comnaratlvely smooth flow. Con-

_—.-_V,‘-
3

oy .

trast Flgures 127 and 117, ﬂhich is the same ‘set up- wmth—o
out-bafrles., Hote in rigure 128 the straight line tnins-;
parent flow at the tunnel entrance ‘as ‘compared’ to the L';
turbulence seen in I‘igure 118, |

At the meximum flow of 200,000 c.f.s. the water 4n

R
j
.
s
!
|
|

the channel‘backs,up_on the crest to suoh.an‘extentzaS’xo

deflect the overflbwing:sheet»OflﬁatEr»over'fhe bafflés

so that they ao ‘not operate as effeclively as at the ;;H

lower dlschdrges, ‘Thelr bcneficial actlon at fthis high

flow, however, maj.be rendily seen by;contraotlng Figures .

121 and 129, | | | |
Another type of bafllle, or.meansrof breaking the

aenergy of the overflow that gave very good results; is




pictured in Figure 181, It consi sts of ‘a fal se bucket

located rather high up on the crest with dentated opon~‘ﬁf'l"

ings one—third the w1dth of ‘the: block.

‘The theory ol operetion is to create tho 0pposing ‘
rolls that break the energy of the overflow. The horizon—“o
el bucket ‘blocks turn some of the overfloe out across -
the channel where it strl kes’ the bacc wall and is deflected
dovnwiard mceting uhe upward flow tha+ passed through the‘t
dentetes which had traveled to the bottom and up the baoh -
wall, |

The blocks must be eet high on the- orest 1n order to “
allow room for the: reverse roll to form unier them. ‘This
is somevhat obgectionable et low flOWS as the Jet sprays

off them to the chennel floor., For- about half the length

of. the crest, :however[ ‘threre 1is a pool formed by the weir = .

beloﬁ to receive the 1moact .of tne overflow sheet. The l
pool rapidly becomes deeper as the flow inoreases and 1t'
is only at exoeptionally low rlows that the bottom 1s ex-“i
posed. It dees not seem that the 1mpact - ‘on ithe floor,, " even
if exposed, would be @reater then the inoaot on the back
wall in the opera+1on without the baf“les. ' B
The following photographs may be oontrasted to check
flon conditions without and with the two tyves of bafrles.
discussed above. Flow down the tunnel uas-mauerially

inproved by the use of either bafrle, conditions being more
, _ ' 1o*
favorable with the bafrle in the floor.  See Figure@llo.for
70, : ,
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flow-withouflbaffles. ‘See FlgurGSlOV for flow with the"

floar baffles set ‘_‘fin.

CREST ALTEBﬁTION

The snillway orest as first built gave a coefficient of- L
discharge slightly less fhan thet required to allow a flow @V?73f?5
of 200, OOO .. s. ‘at:a; head or 2646 Tegt over the crest wjth ‘

the set up as shcmn in Model C-Ag.' This was due to some‘V

extent to the. submergenee on the upper end .o the crest but

as this sulmergence seemed beneficial in snoothinv out the

e

flow in the channel ‘an attemnt WA s made to increase the eo—

efficient by an alteration to the crest. This consisted

of slicing avay the upst "eam nose of the crest on a 45 de- o

gree slope. An increase of tne“coefficient‘fron‘ﬁ GO'to :j
3.76 was obrained Tron tests on the Lodel c—dg set up. |
A slight los s was 1ndicated when the drum gates were in—
stalled on the crest.‘ | A "i' |
The use of the baflles. along the channel bottom in R
iodel C-4g cause an increasedu@eptnVof(na;e;~a;ong_nhe
crest side, cutting the coeffieient'donn te;abonm:5;67J
With this coefficient the capaci_ty‘.ie-'obtetine'd;, ?ho.v.{ever, o
as the "C" required is 3.64. | | |
' Wiith the dentated buckets along the creot faoe, the*'

ceefficient is not decreased re reeptibly.

71.
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If the baffles in the bottom are ‘not . GOing to be 1 |
used in the Tinal- design the indications are that a8 :,.
81ightly higher weir . could: be used at ‘the tran51tion i
entrance, which would aid flow condjtions down ‘the in~v”‘.“

¢line, 4 test made with 2| false addition to the top or the

imum discharge to pass._,

Perhaps, - the right bac< wall could be ‘moved in et

the upper eng raising the water surraoe to improve flow

um-. gates 1nstalled in the crest ;

The ﬂnole:of the above discussion treats of the .
main alterations . only made during the investigations,. -
and camments on each of the seVen transmion models tesfed
but there were numer ous experiments nerformsd on eaeh or
these models; alterations in the form or false welrs
bottoms ang sides ang ‘varied designs of baffles that
have not gs Vet been touched upon.

Some of these experiments were good and gave vital
leads to the development of the Tinal design; some,

naturally were in the wrong directiop,
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MGDEL ‘c-a
Figure 133 ‘shows a ralse floor set pcrpendicular S
to ‘the back side. The thecry was that this would Taise ;"

"the water surface on tne crest szde as well as direct the

overTlow Jet against a normal surface on whlch the tendency
to ride up 1t would be less than 1f the wall vas . at an

obtuse angle, -
The photograph of the maximum flow shows that thare 3

was little 1mnrovement in the conditions.;-Ccmpare;wrch_
Figure B8, = * | . R

A soliad. sill in place of the dentates ‘was trled but
the deflected jet created too much turmoil for satlsfactory

nerformancc.

. 1‘

4 plain of fset in the channel floor on uhe rlght 51de
as pictured belcw smoothed out the surface flov consider—
ably. Tith a dentated sill. set along the front edge, condi-\
tions of flow were even: bett- Thls led to cutting the o
dentates in the of fset. ledge itself and pVOJecting the blochs |
out over the channel as seen in Eigules lBo and 107 w1th

rarxed 1mnrovewent B

With the shelf on the keft @ crest side there was'ﬁ

no improvement in the flow dlscernlble.
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MODEL G-4a

A felse right wall was placed in the: chennel on the,' .

center at the upper: end end ccmlng tangent to the criginel

wall at the ‘lower - end. This, of course, decreased the _:'f_”

capacity- of the =tz ough and ralsed the weter'surface whlch o

improved conditlons of flow down the tunnel. However in N
this instance the - channel was nerrowed too much and the

submergence of the erest was greet enough to choke the -

—ecapaci ty 4i scharge.

Indications were thet thevshannel speuldebeemEde

narrov at the upper end:Withﬁa‘fletter*betfomelepe thaﬂe

the original deeign, or in other Jords leave the bacx wall S

where it is and flatten the floor . slope.;_
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