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VDascfiption

. MODEL'NO L.

Falseifloor normal’to’ bask-sida.
TDentated381ll'againStfcrestfface.

False floor normal to begk: side
‘with mo sill. . 7 .

Offsat‘Ledga‘1n:ché£nél?boﬁt6m‘"

AsfdaSishad{

End Gate ‘and Last Sixty Teét. of
crest:blockedﬁoff.:Weirfacrosa

~end-of chennel.

" NODEL’ HO, 1=A - '
Diagonal averhanging. dentatad
~baffle end various height,weirs.

Right channel wall pulled in
and weir. across. end of chennel.

;- MODEL NO&:B.

"AS designed with. diagonal cvar— o
'hanging dantated baffle. S

" MODEL NO.'8.

As‘designed .

MODEL NO.<4. -

'As:designed
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o

xﬂs’designéd ‘with”diégonél'bﬁgr-‘ '
“hanging’ dentated baffla along the
sbottom, - - _ g
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LODEL NO.. 5

: “':'_A.S‘ d681gned ..,

As. designed with dia@onal over=

- hanging’ dentated baffla along the
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As designad With dcntatad

buckats- along the- crest face;‘
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TSITED STATES

! DEPARTENT OF THE INTERIOR

i BURZLUJ OF RECLAMATION -

| HE.ORT ON
HOOVER' D":_SPILL“IAY monr.L 'I‘L"STS
DRUX GLTZ SIDE- OHANNEL DLSIGH oo

| ADECAT: THE ,,.f_‘,, f ';,,;
HYDRAULIC LABORLTORY OF THE com'ump AGRICULTURAL,_?_ S
COLLZGE. AT FORT COLLINS, GOLORADO. .« |

" August,. Sapte*:bsr, Octobar and L\TOVﬂ'anI‘ 19."51. L

Sutmitted by tz R.. Randolph ’Jr. o

R

~hoe characteristlcs of ~thiss design may be seen an: Plate
. 1 which shows the first modol. se!: up. In. all -the ‘tests

b

The model was ‘oull'b on a l 60" rabio or.a scale o:f‘ 1" on
iZ2 =odel represnnting“B' .on' the prototypa. This. gave: four
¢ gate openings of 20 inches each aud:a side:chennel trough-
gzzooximately 9 inches deep atthe: upper ond end+19" -inches at -
'.-: 1o7er end. The crost and.-side-channel werTe con.;tructed of
sl frames coversd with galvanized ‘iron. The transition to

tunnel was made by running laths; between collars. et varioﬁs‘

::ions, and plastering over them with a'mixture of quick

123 cement, lime and sand. .The circular tunnel.: soction

7 vas made-of transperent: pyralin tudbing:l0. inchesiin

ztar, which efter meking a vertlicalibend of 850 degrees,
zto a section-of csst iron.pipe:in vhich the horizontal

2 of the tunnsl was-eccomnlished. 'I‘he “top:of this pipe was
&%y as much as possible tor o‘otain a view .of “the- watar flow
721 the bend, -
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The head of water-ofer‘thevcréét;wésgappfoiimately55£1néhes‘“sf i

at the maximum flow.andlwaS“mgasurédfbyLméanscdf“a{flédtrgagaiin TR

a well connected ‘to aspipe‘thatfranfoutTiq{rrontfdr”thaTCpest_; o
about 30 inches upstreamfthérefrom. LR b T T

The maximum'flow:ovarfthe mbdel«waSjabout37;1/2ﬂcubfcdreét_ L
per second and was measuréd‘by.meansA0f~a?twoffo6t¥01pdllatti

weir, previously:vblumetricallyscalibratédéin{pOSitipn;ildcatéd:%_fz 2

upstream 1nithe.channgl'df.approhchktgytﬁélbraSt;Q;.mjrr

The Cipollatti measuring'wétrrwasfsub%érgédsfbrﬁéll?butithaj‘_~:
‘lowest flows as the,forébayjzas“baékédiup¥oyerfit,#dgp%tb;ﬁlaéiﬁgf}f
the model cresfrtoo‘highlipﬁthe'tanks;fiThi%?intrdducédfajpféba?
bility of'errorl1nrthe~f1035megsuremeﬁt,irorﬁalthough}thewwéir;f
had bearr ealibrated when:sﬂbmargéd~the:mea3urement33weraanotg? :
made at.exactly the rangexuséd»inpthéﬁmOdél3t93t5}uéﬁd3the'f Ll
quantities had tOﬂbe~takenIfromféxterpblatddiqﬁlibfationfcurvés}
The difficulty was. epused by'theFunramiliarLtyfcffthe?Denvér_-

0ffice, where thormodel’wasTdeéignedﬁand;constfucted,Ywith%the .

Laboratory set up‘and:COuldlha#ehbeonqovarcomg;by'lowefingxthe-';:"Jiw’ﬁ:‘

model-erest. ' This meant practicallyfreconst:uétibn\drFthe}?

'model and, as-the‘coiqffiéientflocxdd;reasdnable;.1t;was.ﬁﬂq]g;[f)g ; -
dacided not,toutakefthe%tima?rorjthesalteration;;eAsﬁbtated1“_‘..f

above, the mcdalfwas‘builtfin:D&nver:aﬂdfshippéd2to~Fdrt}CBllin§f5';‘{
by truck. The first mcdel-vas‘ﬁeceivdd:atﬁthe?ﬁaboratoryron S
August 7th,, andiinstalledﬁby‘AuguStfeth.H S REEN 5K

[pe

The. main objectrofvthe,expériﬁénts.Wasﬂto"devalopﬁardesi@n”.f
that would cerry the water&gown_thaftunnel,Vwithout:comﬁletaly s
filling it, in asusncothuand:atféightEline:flow@as?poasible.‘;

this wera:

I. By BloCking“fo‘Tfaﬂsverse;Flow=ffomfCicst;at‘ ”.' SR

the Transition"Entrance.,~

A+ By blocking bff*the;laat‘ﬁoifeat-df” :
rthevcrest.andnglacing,a.GO?footfgata B R
‘on the center:line of the channel:at R
the uwpstreen end to maintain the - .
-eapacity, B h

Test. FKo. 13.;Comparelwifthest?No; *_ 
28 to ohow similarity of action to

N T T

The prineipal axperimantal;mathods“fbllowed?to accomplié% '”‘fo¥fﬂf
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o B. By moving the Transition’ Entrance
o 60 feet downstraam.‘
N . Test. No, 116 compare with Tost |
\ ‘ -No. 12 which was: made ‘on the = ;
b original desigh.. i
II. By Plaecing: a Nelr acro sfthefLBWGfLEndéde |
the . Channel. o
" T A. To create 8. dissipation pcol and overflow o
B ' ‘erest that- would . level .off the ‘water surface -
e ‘at the. Transition T*“ntx‘anc: ‘ e R
s ‘Test No. 24 shows tho. cffect of the S
' differunt height Weirs. I R
Test. No. ‘28 compara with Tast No. 16 o
. %o'show the .effeet :of tha - wolr- on tne ,_;
_ channal rater ‘surface, . - : :
III. By Use of Weir and Orfset in.Eunnel ntrance.%{
l .
A, Offset to .pravent high’ velocity along the
i 9

- \ erest face. ‘and-fi11 in -water: aurface
depresaiou there. ‘ :

l With a 70 Loot- width weir and a‘10
foot ‘offsaet,

AR " Test 38: _compare with Test 28 o

i\ ‘uhOW the.ef? ect of offsa% and weir. o

2. With . a 40 Toot Width wair ard~aﬁl43,
.foot -off'sot,

‘43 & 44 which have -about. the' same
water surrace eleVat1ons.

. -'r A. To check. high ve10c1ty Lall and leval off
- surfaca.

. . ‘Tests 453 & 44: comparc with Tests .
. 4l & 42 which werd made on aipilap
N transition that had a steeper floor
B slope,

RO . Also Tests 34 & 35: compare with
A . ' Tests 52 & 53.

— bt = 2 ORI R

Tests 34 % 35: compare with Tests‘f‘z

IV. By Giving a Flatter Slope o the TThnsitlon loor. f.'"
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A

T Bnylaéing?Bafflés:élonnghénhélYFloqrfpffoﬁ J?””“;' B
- “the ‘Crest ‘Face. = . SRR Lo
‘i:A.-Bysimﬁaetiéﬁd;rev¢rsiﬁglthe?rlow;stoicf’”fj},
‘ dissipate‘thgvenergy"dﬁwtheﬁoverﬁlow S0

C\!fromAthé-c:eét."

Test 44: ‘compavewith Test 45 = .
-whiéh1wasfmﬁde;wiﬁhoutﬁbaffleaa,‘:_

B..By creating“twofoppcsing;rOIIS’io -
‘dissipate thefehergy:orkoverf10wg

-, ‘Test '54:" conpare \with Test 52

- : '?;wﬁich:wasemaﬁekmithout;baffles;f'

| ) ?comparejwithtTestr%4thgéheck .
Lo , :f;pv-conditionstin;tha:channel,ffi.,
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MODEL. Mo, q.,

:  The layout of the original design is shown .on Plate No. 1.
It will boe noted that the”rooffoféthe=transitiQQjonEthebedal Y
id left off for a.distance down so that observations:of the
flow could be made. The~actibngof-the.flowfdownf¢hejtunnﬁl, o
as observed here, whether it was .symmetrical or'not, :and ‘the exk
extent to which'it,fillddfthéitunnalﬁwhéjthe‘Mainacriterioﬁ '
for judgmentuof'thc"worth-cf:the'setaupfpeingétesﬁe&.‘*Itiis
regrottable that no - satisfactory:pictures.cculd ‘be obtained .

of views down thg”tunnal,.due:toiinterfefbndé&dfﬂthe;framing’
cross pieces and the lack of ‘light. -Therdchmpanyingzpictures 2,
shov the conditions‘existing*inathezchannelyandsonlyiiﬁdicate"
in a genaral-wgyowhat‘is;happeningidown‘thekpunnbl. CAs A

general ‘Tule, the ﬁpre'level.the'water:surfa¢e-aﬁithe?lower.énd'
of the channel, theibetter the flow down the incline end the - -
comparison in this-way' can be made of many: of “the -photographs,
In the following picturesaofJModelLNo.*lﬁdesignl"the%piling;qP‘
of ‘the water against the right side wall'willtbé,nofﬁdjlgiting‘
- an unbalanced water sdrface‘which;produces.a whirl‘aédétend55to‘~
clog the flow down theltunneli Water surface‘meégqgégen%slmade'
in the channel and down%iheétranSition:are«showﬁéoﬁ?cui?ésth.,
‘in the appendix. . R s

- -
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of oyoration“between this set up and Lodel l—A. See,QUEVEB_in .
-dppendix., | 2oeuves

It was thouaht that if . lenguh ‘of - channel rae allowed
below the cres t, the water surface would have more - chance to
leval ofr beforc going down “the tunnal. ‘This ‘extension: would

also eliminate the transverga flow kick ju°t at the tunnel
entrance.

2 J 5!’,*‘ Tiewd

To test the. idea, the lust 31xtyrfeet of thc crest wes. .
blocked off and Ain order-to: maintain the . same * capaclty, Ay gate

sixty feet wide was out ‘in the upstream,end of ‘the : channul as. e

shown in Photograph 13«40 ‘below. = This matcrlally ‘improved ‘the .
flow es- ‘enticipated, and to- epply the 1dea ‘4o theaorngnal design
‘the tunnel trunsitlon ‘Was ‘moved si?ty Teot further dOTrstream ‘
Trom the 1ast gate as shovn on Plate No. 2. g ‘ . .

The'Pictureo on* the follow1ng phge illustrate the flow in
the set up with the end gate end thelast Sixty: ‘Teet: orxthe crest
blocked off, but in thls instance there was ‘also a .30 ‘Toot ‘weir
installed acroso the channel at thenlower end (dlscuSsed later)
This test may bo 1ikened to’ Test.«s in"- wblch the seme: ‘helght
of welr was used i The :¢channel - afbcr ‘the transition hagd: ‘been
woved sixty feet downstroam, in order to -show ‘the . gimllarity
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'MODEL, N0 1-A, -+ T e

To obtain the scme effect as blocking off’ tha flow from the
last sixty feet of thé-grcst, the Tumel Trun&ition‘Entranée-was ‘ S
moved aixty fcet'downstraam-as.shcwn'on*Platb_No.*Z; fThajphotor‘él_“‘u"" i
graphs of the flow in the-channel-fdrﬂthisﬁsetihp\shdwedwso 1ittle
varietion from those. of Tast: 12, Page 'S that they~wirl.not;be _ SN
included here, It wes hardly possible to dimcern o ‘difference -
in the pictures and to tell what was;actuallyThuppeningﬂto.the”
‘Tlow dovm the shaft, It is more readily seen, from contrasting
the water surface curves Nos and - , 'in theo appendix, that -
there is a levoling off ang greater dopth of the water surface
at the lower ond of the channel,, which.conSoquontly.resulted in
a smoother flow down the transition., This greater depth of ‘water.
in the channel for the sama'quantity.of‘water‘flowing-was-only o
at the lower ond and did not veduce the,coeefriciont-orldischarge
by creating a subnergence of the crest, - ' - ’ '

N EAL T .
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The extension of the channel htelow the spillvey crest was .- ;
considored extremely beneficial, if not abzolutely nacessary, L
and was therofore incorporated in most of the setups following., A




. 4And also, as the increaseddapth.of ‘the water in the
chennel seemed adventageous, ‘the ides wes earried furthar _i
by trying wolrs of various. height aeross:tho channel :at
the lewor end. This ereated ‘a pool ‘in which :some: ‘of the
energy of tho spillway overflow .vas digssipated :and the weir -
afforded a barrier Whlch “tended to smooth out the overflow L
from it. : : - : :

The effect of the various’ hoight woirs may’ ba ‘seen in .
the following photogrephs. Although this:set: up”had g .T' s
dentated offset in the channal ‘floor (discussed lator}, tha'
smoother flow, in comperison, - “at the tunnel ontrance de g
ceused by tho use of -a higher woir.; Compare to Photograph‘
lB—A 5 on Page 5. : , : T '

Test No. 28 Curves Nos. 1n which a. 35 root woir
wes installed across the channel. at the lower end. may ‘be
comperced to Test No., 16 Curves Nos. - -whieh ‘was mede -without
a weir to xoixch note ‘the effect.of the -water surface. . The ‘
increased depth in the channel ‘caused a. aubmnrgence .0f “the crest
at the upper end #hat would necessitote a rise of 0.5 fest in
the foraobay level to geot the maximum of . 200,000 c.f.s. over the
ereat. . . ‘

Water surface Curves HNo. .-of:this‘testi(Nb.?24)-show -
the action of the higher weir,  Although neturally 'the water
surface is higher over the 30 foot ‘wolr ‘than ‘the others et
the entrance, further-down the ‘tunnol the wator aurface Trom .
the higher welr is below those of the lower weirs, show;ng
the ftendency of the f£low. aver the hlgher weirs to rlatten
out dovm the ineline.
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VODEL Ho, ..

It will be noteq from the,photographs on Pago 9 that
. there is a depression in thefwatcr:surrace on the:erest-side
he flow seoms to be down the right. This
2 b ; enter line of the tunnel which woulq
y ) 'The projecting wall
tends to, check the vuloeit t fees, fi11 in the
depression end raise the water surface at this,point.,fi'layqut

with the conbination of a 33 foot weir‘locatedfGO[feot’dpwnstream

from the end of the crest and a 10 foot“prcjecting“end wall as

shown on Plate No. 3 wes built ang tested. Tho following piigto-

sraphs illustrate flow conditions infthd'channél.:'
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; : i,Itwill_be-notéd%frcmtthe;photographs‘qn’PagefQ'that.
, ' . there is a depressien ‘in the“water‘surfacefonithe:crestsside :
UK ‘and'that’thenbﬁlkéof.theiflowrseems?totbe'down‘thefright. -Thia- r o
suggested‘an'offset_inltho:centefﬁline'ofthe;tﬁnnel “hich would . . ' -

; pr?ject_the-end walllfrom;theuchStuface;?The*projegtihg'wﬁll"_;
. tends to,>check'the?vdloéity:qlongjthe:crest:facoigfill;in the
depression andEraiSetthe(waterisurrgceqat this point. -4 Qayout- -
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‘Was: not ‘vet‘quite up -,
Thiszastlater‘thained{byuan;.":"
at increasedwthéghbefficient’or.

It would scem thatxthqfhighar.thenWeirithe~smodther”the
flov over it, apd it is: e'belief:of.the-wzrtprrthattthe;
elevation of or-at -the upper end. could :be
decreased, even dropped to make.the;floor”level;;toacut'.
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over the crest:end'cutting_down*theﬂcapacity;l}Phdtdgraphs ‘
of the flow, some of which were.-taksn whénta;dentatedibaffle o
.{discusssd later) was installea in‘thmﬁchannc;;aIQJshownmon[1u
the following pages. ”Thesimprovamsnt'made‘byéthé?usoﬁorfthe'

beffles was vary marked.in,thistset:upﬁas secnﬂbchOmpgrison” ..\1':‘lﬁw
of the photographs, e SRR W e RO

“MODEL NO, 2.

Following pietures are of Model ¥, ‘Biwhich do not:dierap. s
materiallyfromthOSentaken:of’Mbdel=2jandaraiincludedcbecau59
of the better views obtained, S S Lo
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_ ThorflOW‘down.the‘tUnnel.with thisfsdt.up-waq?a’ahade
‘lessfdeairable,;rilling:tho>8haft'more;than in the ‘fins)

design (Modelis—a),'but'appoaréd toibe,sdtisfactory. Vith
the deatated baffles set;in.uldngitheﬁrloor,‘conditions,df
flow wers about as ‘good ‘as ‘any wo - obtained withwany-sat'up,
although they caused_aihighar'water;surfaceiinftho'éhannal

that eut the-co-affieient’of=dischurge down'fromn3-6¢f(requir§d)jm

to 3.57. The altaruticn'madoxtp‘thobcreét}laten,?howeven, 

Comparison of_thasa_tesfﬁVéén;béﬁmada'WIttheétéﬁ4Bf&:44;' N

Paga Modol B-A to'dhdckvflOWfdctionfinwthe~degigﬁseusing o

‘different wolr lengths. ZFrOm"the_phqtographs;thoreﬁseemé%to;prqumfgi

be little choice.according1to-¢he‘behavior31nfthe channel,
although for miodel 9-A the Tlow dovm ‘the ‘tunne] trensition
was a bit ore satisfactory. S NP .

: A

VODEL NO. 3-A, R o

This set up produced the best.flow1condifionalof:any;yot '
bested, tiat is, without cutting down ithe spillwqy:capacity
by excessive submergence of the erest, and incorrorates .the

host beuofiecial fentures.or designjdevelopedLbyithé;investigatidns,

i.2.. "the woir located:downstreamﬂfrom,thexend of the.spillway 5
and tho offset in the tunnel enirance, as well as the flatter ;E
trensition floor perabola diacussed later. = .. .- - o i
R 25 e iB

- S : L e
With the bafrles in along the floor ‘of ‘the -chehnel, an B
improvemen .dcwn'the~¢unnal:w¢s;noted;=95pecially b
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Compare these pictures :with those of Test 38 Poges 10 & 11
in which tho same set up wes used exeept that the weir was 4.8
feet higher, See Plate No.:3. There is seen to be a ‘marked im-
provement in flow cdnditions*in“the.éhannel,»accOrdingrtojthev
photographs, in the set'uplwith”thexweir:only_slightlyﬁhighen,=: :
but the apparent decided -difference was not manifested in greatly
improved flow conditions down -the tunnel transition, ‘although
thore was some improvement noted. - The :use of - the ‘higher ‘weir
is in the right:direction but as ;previously stated, the set up
for llodel No. 3 necessitated a forebay elevation of -ablut 1232.6
to pess the required ‘200,000 :¢.f.s. With the crest alteration
made leter, however, it was.foundithat’tho’capatity.would¢be
amply carried, if no baffles wore .used ‘along the floor; and.
would just pass the raquired flow ¥ith them installed. -

" MODEL NO. 4

The aset up for Modol No. 4 is shown on Plate No. § and
differs from Model No. 3-A, Plate Ho. 3, -only in “the slope of
the transition Tloor, which wes ‘steeper for this set .upy. ‘The. ‘
picturea of the flow in the .cheaunel for this model do :not ‘differ
from those of Tests 43 & 44, :on Pages 19, 20 & 21, ‘enough *o
include here. ‘ R T

The vater surfece measurements arve included in the appendix,

The flow down the ‘tunnel for this set up was not as ,
satisfectory as in Model 3-A, tending to splash more. and .£ill the R
shaft to a greater depth. It wes indicated thet if the jeot .could
be supported to a .greater extent, that is, if ‘the sineliration of
the shaft could be mede flatier, better flow conditions dovm it
would result. L oo o

¥ODEL NO. 5

Model No. 5, Plate No. 6, @iffers fromModel No. 2, Plate
No. 4, in that the gfloor slope :of the transition :wasmade flatter
to check the result of the ‘tendencies indicated in'the testa of . =
Models 3-A and 4 -~ that to ‘lessan tha;abruptnesspofpdrop‘into the
turnel would be béncficial. . The result was scnevhat diseppoint-
ing as very little improvement in the flow dpwn‘thcﬂtunnel.qyer
the HModel No. 2 .set up wa3.apparent, and the conditions of flow
wers still not as satisfactory as tho?e-of‘Modol Ho. 3-A. . '

It would seem that tﬁe;high»woir does the work, the higher
the better, which feature is the outstanding differbnee between -
thi model and Fodel Z-A. :
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Photographs oflfloﬁ'in thisrset up‘differ little;frdmithbso   3
‘of Tests No. 34 & 35 for Model No. 2, Paga lB.':Photographs*orﬁygj-
the maximum flow will ‘be :found on .Page i16. R AP LT

. Watar surface.ﬁeaéuraments;cﬁrvesywilifheifdundiinfthé”ﬁ :
eppendix, - - ' — R = ‘

'BATFLES. .

Numerous and various types of baffles were itried ‘in the BRI
-ehannsl to check the velocity1of the‘spillway,bvg;rlowxand;prevent -
it from piling up along the'right'Wall,fproducihgbunbalangedj,_””“"
Tlow down the tunnel. - SR L S

Tests on some offthe“Sét,ups ﬁiilfbe discuBSEd?briefly 7‘ :
later and only the two -types that gave ‘the best results will
be considered now, * - L T e

Sketch Ho., 1, Page | »shows:a'dentated-bafgla?buiip*dloﬁg “*
the channel bottom that gave vary good.results, "Photographs- e
52-4-0, Pege 13 and 44-A-0, Pageﬂzogillustrate'the arrangement,

This type of batfle is merely en ‘offsot ledge left in the e
bottom excavetion, with OVerhangingiblocks.ﬁuiltfprojecting out - '
from it, and is quite feasible §tructﬁrally{énd.economically,:

In operation, the overflow Jct;iésreversed'back-toward the. ..~
spillway face, csusing Broater depth-of flow. along that sside,
vhich tends to level off—the'watorvsurfaca,'withQCOnsequent- _
smoother amd more symmstrical%flow‘down'ig?o the tumnel. The:
dentates allow an entiltration-of flow on the right sida that
has very little transverge;velocity'tOccause:piling up -on the wall,

The face of the'baffle or ledge.was sot diagonally out scross

. the channaluto-give-a'deflecting"surfacefdownstream;;tendingito_
cause. mors flow glong the crest side. This also eliminates a - o

tendence of the vater in-the channel ‘to sloshﬁbackgand;forth4in.

a regular recurring rongQggtﬁwas.notidedgwhenithe;pefflé,fada '

vwas set on the centorziine. ‘Sea:TeSF}NO.JLV; R :

L L

L

7 T'The diagonal baffle, at the:lover end of the chamnol, draws
avay from the wveir face'leaving_a~barrier'acrcss_the,full’yidth_'
of the chennol over which the £low is - symustrical, ‘{Patonts -
pending - Mcconaughy-&:ﬂandolph)‘ B : '

Operation of the baffle at the different atages of Tlow cén
begt be seen from the 44 serios plctures on Pages 20 & 21 and

the 53 series on Pages 15 & 16, At the“low‘flowﬁpr 40,000 c.f.se 8

the baffles are barely covered, but at 80,000 and”iﬁb;ooo c.T.s,.
the beneficial flox

7 results are beginning to be seen. Note the
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loveling off of tho chamnel water surface and ‘the comparatively =
smooth flow. Contrast Photographs 44-A-5 with 45-A-3 which is

the ocame set up without baffles. 'Note in Photograph 44-B<3

the straight line transparent flow.at the-tunnoliontranqera§,

compared to the turbulence seen 'in Photograph 43-B-B.

At tho maximum Tlow of 200,000 ¢.f.s. the wator in the
channel backs up on the-crest to suéh an-extent as'to doflect
the overflowing sheot-of water:over the:baffles so that they
do not operate as effeectively .as at the lower discharges. ~'Their .
beneficial ection at this high'flow,:howevér,tmayfbe‘readey-sdanﬁby*"'

contracting photographs -43-A-1 ‘and - 4d-4~1.

Anothor type of baffle, or meens of ‘breaking the enorgy of
the overflow, that gave‘very.good“results,_isrpicturedgip;phdto~:
graph 54-A-0 on Pago 25. It consists: of a f2lso0 bucket Located |
rather high up-on the .erest with dentated operings one '
third the bldth of the block, E -

The theory of oparation is to create two - opposing ‘rolls
that breek the energy of the overflow. The horizontal bucket .
blocks turn somo of ‘the overflow out ecross the channel whare
it strikes the back'wall end ‘is deflected dovmward meeting the .
upward flow that passed through the dentates vihich had travoled -
to the bottom: and up the back wall. . : Co e

The blocks must be set high on the crest in. ordew to allow
room.for the reverse roll to form under them. This is somewhat
objectioneble at low flows as ‘the ‘jet sprays off them to the - <
channel floor. For about'halﬂ_the‘length;of:the eraat, ‘hovwever,
there is a pool formed by the weir below,  to raccive the impact
of the overflow shedt. "The pool rapidly becomas deeper as ‘the
flow inereases and it is only at oxceptionally low Tlows that
the bottom is exposed. It does not seem thit the impact on the
floor, even if exposed, would ‘be :greater ‘than the impact on ithe
back wall ‘in the cperation without the baffles. - I

The following photograplis may boe.contrasted to check £1ow -
conditions without and with the two types. of .barfles:discussed
above. Tlow down the tunnel was materially improved by the:use
of either baffle, conditions being mors favoreble .with the.
‘baf'fle in the -floor. Saeéphotographs‘52ﬁA~033nd-55-A~l.onfpages*
13 & 14 for flow without baffles. -See "photographs .5%-A~0 and -
58-A-1, Pages 15 & 16 Tor Tlow with the floor baf{les set 'in.
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Set up - Crest Beffles o ~ /Flow 200,000 c.f.s.

CRFST ALTERATIOM

The splllway crest as. first built £eve o coeffic1ent of: dis-
charge alightly less than than required to.allow a. Tlow: of
200,000 ¢,f.5. et o head of 266 Teat. over the crest: viith the

set up as shown in Model 3-A. This was due to some extent to .

the submergence on the upper end of the crest .but: as this sub~
mergoncs seemed beneficial 'in-smoothing7out the flow in- ‘the "
channel, as attempt was made to 'increise: the ‘eoofficient by" an
alteration to the erest. Tnis consisted of slicing away - the ..
upstroam nose of the ecrest on a2 45 degree slope -as showa.on
Sketeh No. in the appendix. An increasecof the-deoefficient -
from 3.60 to 3.76 was obtained:from tests on the- Model B=A

set up. A slight loss was indicated when the drum gates. Wora '
inatalled on the crest, as shown on Curve Sheet No.

Tho use of the baffles along tho chamnsl bottom in'Model . -
3-A cause an increased depth of xukiex water along the crest
side. cutting the coofficent from to about 3.67. hich this
cooxflcient the capacity is obtained, howover, a3 the “C?
required is 3.84. - .

With the dentated buckets wlong the ereat face, the co-
efficient is not mecreaezdedx decreassd perceptibly, :

o S i i e Tt Rt b
- . LT :
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If thée baffles in the bottom ara not -going to be used in the
final design, the Indications are that a slightly higher weir -
could be used at the trensition entrance, ‘which would aid flow
conditiona dovm the ineline,; A test made with a false addltion
to the top of the weir in Modasl S-A, bringing it up to El. 1144.8, _
irdicatod a coefficiont of 3.70 which s -ample to allow the maximum dis-
charge to pass. T O A T

Or perhaps, the rith'ﬁdck”ﬁall'cbuld'bé‘moéc&,in,at'tha;,1,;:
upper end raising the water surfacs, to 1mprcva‘flov~cond£tidns," .
but not encugh so that the ‘submorgence causes a decrease in the -

maximum capacity required.

Tests up to Test 46“vere made with the original.crest; from
Tost 46 Yo Test 56 with the altored crest; andﬂfromeest;57:on,
with drum gates instulledfin-ﬁhe crest. - _ o

The wvhole of the ‘above discussion treats with the.main =~
alterations only, made during the investigetions, end comments
on each of the seven transition madels tested, but there .were
numercus and various experiments performed on each of these
medels, alterations in the form ol false weirs, boitoms and
oides ond varied designs of baffles khat have_not .as yet ‘boen
touched upon. . o T - ‘

Somo of theso experiments were good and gave vital lesds to
the development of the final dosign, some, naturally were in the’
wrong dirceetion. In the appendix will be found an -entire list
of the experiments performed to dete, arranged in outline form.

Data on those not included in this report may be found:in the &

Laboratory filas'for.rcferenca,-if.noccasary.~‘

Following is a briof comment on . some of -the minor experimenta.
Sometimes it is as valuable %o know vhat not to-do.as it is to
know what to do, : oo ' C -

. KODEL HO. }.

The picture below shows a false floor sst porpendicular to .
the beck side. The theory was that this would raise the water
surface on the crest side as well as direct the overflow jot
ageinst'a normal surface .on whlch the tendeney to ride up it would |
be less than if the well was at an abtuse angle. o

Tho photograph of the maximum £low showa that there was
1little improvement in {the conditions. Compare with 12-A~5.on
Pﬂga 5- .
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the back wall, on the center line, and against the crest face.’
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A solid sill 4n place-of ‘the dentates was trisd, but
the dellected Jjot ereated too much,turmoil;for;satisrngtory
performanca. - L e e

[ ' 1 o ‘ ;

A plain offset in the channel floor-.on the right .side B

as pictured below, smoothed out the surface flow considerably,

With a dentated sill sat along the front edge, conditions of

+ flow ware even better. ‘This.led to cutting the dentates in

the offset ledze itself and projacting'thb'blocks;out over
the channel as =sgen in photographs 44-1-0 and?SS-A-O?with :
merked improvement, . : ' S »

With the shelf on the left'or,crestlsidértheye wes not
improvement in the flow discerniblo, - e

MODEL O. 1 .

Cffset Ledge in Chéhnal=86ttom_. :
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WODEL NO. 1-A

A false right Wallfwas*ﬁlaced inithe‘channél,*onfthefT 

~center at the upper end,‘and‘comingxténgent,to.the*criginal‘-

wall at the lower end. .This, of course, decrcased the
capacity of the trough and.raisedlthetwater‘surface'whiéh
improved conditions ofiflOWrdownfthe tunnel. However, in
this instence tho chennel was narroved too much and ‘the: -
submergence of the.ecrest Was great enough to choke the:
capacity discharge. - T e
Indicaetions were that the channel should .be made nevrov’
at the upper end with a flatter bottom slope then the original
design, or.in othér words.leavevthe:back‘wnlliwhere‘itfis:and
flatten the fleor slope. e = o

Palse side wall & Weir at E. 1145

.

< . . . !
Set up ” ‘ Flow 200,000 c.f.s.
Photograph 28-4-4 pictures alwost ideal flow conditions
at the tunnsl’ entrances., : ‘




I raemine vty g Lt

WOD L NO.-l—A

A T e

A false right wall . waa placed in ‘the channel on the
center-at the upper end, and: coming tancant $o - the orlginal
wall at the lowsr end. This, of - course, decreased “the
capacity of the trough and raised ‘the water ‘surface " which
improved conditions of flow dovm the ‘tunnel. -However,‘in
this instance the ¢channel was narrovwed “too:mueh and the '
submergence of the <erast was sreat enough to- cnoke the
capacity discharge. S ' ; :

" .

Indlcatlons vere that- the channel °hou1d .be made narrov
at the uoper end with a: flatter bottom .8lope thanthe: original
desipgn, or.in other words. leave the back wull where A% is and

flatben the zloor slope.

o
e e i e e I YOO SR

Faloe side wall & foix at “1«:1;.‘ a1as

' T I
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Set up - ' - ‘ Flow 200,000 ¢.f.3.
“hotograph RE-L~4t pictures almost ideal flow conditions
at the tunnel entrance. '
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SIDE'CHANNEL SPLLLWAY

Teated July-iugust, 1931
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: DEPARTHENT .OF THI INTERIOR
BUREAU OF ‘RECLAMATION =

 Denver, -Colorada ST
 -September 28, 1931 .
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1

Co HOCVER?DM\&-'S?II;L‘."IAYIIvEODEL:'—TESTS .

-

made at ¥

the Hydreulic Laboratory of the Golorado Ageicultural -

College ot Iort Collins, Colo.. .

- July -/August, 1931

o ‘ ‘ R- ‘R Randolph sy I

'y . ' ) ; : 1

One of the contemplatedqdesigns:forxthegHboverﬁDam_ .
spillways was .a side.chanpﬂléspillwayulayout‘wgthaajlarge'
Stoney Cate at the entrance to ‘the:channel, details of
which are shovwm on Plate No, ‘1. B D

In July of this year a model of this design was
built on a scale of 1 - 60 or 'l ‘inch :equals.5 ‘feet, and
installed in the Hydrauliec Laboratory -of ihe Colorsdo .
Agricultural College at Fort Collins; ‘Colo.  + -
The scale proportions gave a modclaaboutiseven;feet_,
long and one and. a half feet "in height, the width. of the
Stoney Gate being one foot. For meximum :flow ‘the depth
of the water over the cresth waé.qpproxihatelythb}inches‘
end ‘the quantity of water handled was around seven -and
one~half cubic feet per second. X . -
. The model was constiueted 'of wood froming covered with
galvanized irvon foxr the most part: but the aceurate curve of
the spillway crest was-carved;from:a“block‘of,wood;gulso

the warped section of the channel btelow 'the gats was

shaped from boards stacked up and screwed together, -After

assembly the model was painted with gray ‘Duco where the
concrete wvas to;befreprascnted,,othor-parta being blocked
out with a red enamel, to contrast for picture taking.

/

|  Bé§oftEph.ﬁJ,' QQC;L‘;i:T’}”K f: 

#  STONZY GATE SIDE CHANNEL DESIGN &, '
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Repreuentatlon of ‘the rock topography dn front ofwthe
spillvay wes obtained by eribbing’ upmboards of :a thicknass o
- corresgponding to a four Toot. interval thich era | cut: along
the - eontour lines.} "‘f : e g

The transitlon from the. sloped wall‘aide,ﬂhannel to
the ‘eircular turnel wes ‘shaped between eollars:at various
- intervals by wood staves: which were then smoothed down and -
palited "end-the outside:coated” with ac thick layer of -
uraffin to prevant swelling. L

Conubructzon of the. model is indicatad by the
following photographs.
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‘Completed model-with contours s -

Tartneuiy

N
o

. Completed model ) -
without contours, R S
Weasurements of water flow Wwere obtailned from a ‘two foot -
Cipolleti wdir which had previously been :voluretrically
calibrated in position, 'located upstream in the spproach
channel. Water surface: elevations were:measured by means ;gff' :

a point gage, as'illustrated in ;the,.'follo'.'fip.é ‘photoy -
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Investigatlons 1ncluded exyerimonts on.

I The Original Dosign.'

A. To cheek the theory. i

R 1 Flow ovar crest only.-

il

a. Go—efflciont of discharga. ‘
2, Flow undor gate only.
B capacity at various openings..ﬁp

Se Flow ovar crost and ‘under . gate
r.!

during riasiug. flood.. o k&n

)

Bo Observation and record of operation.

I, Altera‘bions ‘on tho. Oririnal De:ngn.

A. To 1mprove low condltions.

1. Placing-dentated Blll on ohannel floor. (gif
A

2., Extending gaue plor upstroam. .

Decreasing w1dth of gate ehannel oxcavation.-g--

Lengthen;ng channel tranoition.

Extendins end plers of the crest upstrsam." R

\ .

False floors in channel to obtain data
for furtner design.
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FlOﬁ ovef?‘c;-gst Only. : R - "

Thciflow=rrom~thegcata'wasLblockediofffand'varibuefdischar@es

‘up ‘to a'flow‘correspondingIto.zoogooofc.f;a.fware'racorded.-'ﬁt
the aemo-timcfthe“_epthfof‘waterﬂover?the crest was measured

L 'throu@h,piézoma§@f7openings?locateq upatroan ‘thersfrom, end:a -
o o coofficient‘Of”discharge curve -computed, (See ‘eppondix ‘ror
’ S all curves) S o e
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: _ :ﬁaﬁquSurfaceelaVétioﬁéfngeraISO}#akéﬁfinithe;channél’hy
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e ‘Pond El. 1232 approx. . Pond =l. 1247 approx,
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See also Photogrﬁph ll-A-S‘on Paga 15
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rlow undor Gate Only.:

The -orest ‘was blocked off end tho gata: opened at
different stages with the pond ‘kept constant at Elevation -
1232, The discharge cepacity. of the gata xu at various
openings was plotted. Quite .a vorbex ‘was notod in the ‘
forebay chead of tha gate.- L O

It will bo seen in the follow1ng pictures that the j
flow from the gate cnly.is:of high velocity afd . strnight
“line Tlow excopt for the component across ‘the ‘channel '

' givon it by $he - curve in fhe transition below the . gate.:"i 
- . o . Photograph 7-B-3 balow: may bo - contrastad to Photo-
. 11-£~3 and 9-A-) ‘t0"1)-4-6 in the” foregoing section for
R Tlow conditions of approxlmataly tho same quanbity of
: water discharging. -
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- Flow under gate ohly,
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; , Flow ‘through gate only ST RN
. . Approximataly‘lgo;qoo'c:st.‘ R o "?7v'-‘:’ cor

. Flov over Crest end under Gate. o R

In this teat rising‘flood‘conditions<wer0xsimulated,;- e
that is, the Tlow was .allowed ‘to pass.over the -erest until L
the pond readhed ElevationleSE,.whereiit,wasikept«ccnstgnt N
by raising the Stoney .Gate until the full discharge - .= :
‘reprosenting EOO;OOOickf;s.ﬂﬁastreached.—‘Flow?quantities
‘at various forebay. elevations and gato .openings were _
recorded and-observationlof:conditions{causedfbygraiaing'_ '

the gate notsd. Loss ‘in heed over ‘the horizontal excavation
in front of‘the:crest%was,ascertaihedqby;mqaﬁs-of“aarow¥of."
piezometers upstream"normal}tonihe=crest;§’To;checkxany
tendency of the water te leap ‘the "floor :0f the ‘tunnel ,
transition a row of piezemeters .wers located along ‘the . C il
. C center line andlreadingsjtaken*at_thefvarious;&ischargés;”._" R
~To obtain the vacuum under'thnrnappe:over;thdﬁgatcidﬁdxalsb
on the erest wall noar-the gate where the slore was steep,
piezomators vwore located at these points and their regd--
ings recorded.
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%hon the gate

qQuite a disturbance .due
under ‘it, as setn in .the fhllow

, , L e
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.- e ,.J
Flow over Crest ‘and under Gate g
Approximately 110,000: - e
._.f s.;Ponerl f1252

As the ‘gate 1s ralsed further, however, the flow
from it tends to counterect tna component ‘of ‘water
from the erest, acrossuthe: chann;t and : sweop At down~
stream, as-zeenin the folloming pictures, - It s on the
smaller "ate openings that the disturbance lS Worse.
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CNETEE 1N vnc.rollow ng .pletures. - It will ‘be noted in
'Fhotograph 204A45fthat?thafflOW'rrumﬁthéccrest‘which'amounts
‘to about 85,000 .c.f,s, has imparted a twist to ‘the jot and thig
is substantiqted:bygobsbnving:the,rdll‘io'thazwatérnwhenfthe
entire'flowAisspassed.o?er_thelcrest 28 'seen in Photo :20~D-6.

‘It'Wouldﬁseemfby1tﬁé_picturestthat;the‘iuﬁnélmwaégrﬁnhing'i‘
“Tull, but the main ‘bulk 'of ‘the water 'is Tlowing 'in ‘about /the -
lower three quarters, the water on topibeing :splesh :and -spray.

There is?less:whenithairﬁszis'thrdugh;theégatevbhlyvbé%%btedq%‘

in Photo. 20-A~1. )
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j’xThe'foilowiﬁg"piétures?illui rate
water in ‘the hcrizontalibendgof}tgq}tu ,
ltné.mddel»pipe"as’possible?wancuﬁﬁawayéto-obtﬁin}a«vieW‘

.1¢side.:The-rlow-aetionremdins,praétically'the;aamégfor_j' o

all flOWS,‘whather;coming=ovérfthaﬁ@resﬁ;alona,;orggate”

~“alone, or:combined;ggndgrcr‘any:type;Qflalteration*triéﬁ5f"

in the channel, fIfiwillhbegndtedﬁth@tgﬁhenﬁtheyméﬁ%stfikés‘ fi'

?heicurVe*therafislaifOldfdff ] :
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Flow over ¢rest -
‘and through gate,
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In . an atterpt to check the flow OVGr the crest

i |
o sets of . curved

from piling up- along the : rlght wall

rt,

déntates were tried along the channol ‘floor,; ‘the largarfp

it

rhprasent1ng fifteen feot height' s shown 1n theJLollowﬁv

ing Photograph No.. lB-D—l. o #mg ,ﬁ

J~ The action of the dentated bucketsuln leveling out?
parison of the ‘two Dhotovranhs ‘on ‘the follouing page,-)
showing the same flow, with: and without the 8111, At
the maximum:dischargs, - ‘however, the effect is almost
LOat due to the deep: submergencegof the baffles. Coma
pare photographs 11-4-6 hnd 13-3-5 PR
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At ‘the Stoney ‘Gate ‘ehtrance there s quite a.swirl =
and eddy, loss around the outside pler ‘due to 'the gzate
draw down, see Photo, 8-A<1 'on the following page. .
This was not alleviated :by rounding the nose,.see .photo

21-D-1, bhut was overcome by extendingatheacurvacof]thd;'V'

pler upstream. 'In ‘the .phatograph on the following '
page the oxtension was taken ‘to the entrence ‘of the in- .
take excavation, where the?difriculty-is”entirely.OVer-
coms. It is thought that this might be shortened con-
siderably with good,resulté;;but-df]cgur535:the furthexy -
upstroam the extension is made the more .the ‘flow is ~ =
improved. : S T e
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Gate “Intake Excavation.
It seempd that the excavation for the Stoney Gats
Inteke was too. ‘large - as ‘there was: dead nater along ‘the

- : right bank, :Four.different -settings were tried,: graduaily QP-*“

,_'!‘ drawing the right. “side’ ‘wall in, end it was found" that ‘the/, ,& f
i | véloelty of ithe ‘beginning - could be ‘doubled, Owithout any oo
: : datriment, 'but ‘with improvement in’fhe: flow" Alines. . With PR
-g-- the axtenslon on the left: pier, asiillustrated’ below,_ﬁ R R T S
N | the flow into the. gate was' balanced and smooth."r‘ el e e P
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Falserwall'in-Gate Excavation ~ Left Pier Exteﬁsion,

Set up. _ ,ﬁlowazoogooogc.f.s."
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¥Transitlon‘- Gata‘to Channal.

The- difficulty did not sesm to: lie 1n turning tha
water.in front of ‘the- .Gata, 'whare" the" velocitias are-

AcOmoaratively low, ibut’ balow the- ‘Gate :inithe ‘Side: channel

proper. -The: radius ;of “the tran51t10nseemedstoo sharp

~causing the wated! to pile’ upron‘the -right wall,:thence

it was deflectead. acrossithe- channel to ' the: crest sige .
causing irregular Lflow ‘down ‘the" tunnal.; 3es: Photograph
hhmw'v 9-A~l in preceding ssctlon on; page 8.
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This was" improved 0 ‘some - extent by lengthaning the

'trén31tion séctlon ‘making the radius:of thae+ “turn - flatter :
CGmpari~rr'
son cen baﬁmade with: Hhotographs 9 A-l and Q*b*l Hn preead—-=

effected bgﬂtha false well as: 1llustrated ‘below,
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