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xPREm:E_' .

The hydraullc model study J.ncorporated with the design of
‘the Rozs Diversion Dam and : -appurtenarit : structures was made:in

" ‘the: hydra.ullc labora'bory of 'the Bureau: of Recla.matn,on, Denver,{-: SO
*_Colors,d.o, amder the ‘direction of: Jo Ba Warnocic, ‘Research Bngi-'". "

: ":neer. : Thu teosts were: ‘conducted and this ‘report: prepared by He -

o G Dswey, Jrey ‘Assistamt ‘BEngineers ‘All laboratories are under-..'
“the.supervision of" Arthur Rue'b‘bg;ers, Senior Engineer, :and ‘Re Fo

,'Bla.nlca, Eng:.naer. {AYl'design work ds- under +he genarel super~

- vision of: 5 N Se.vage, ‘Chief Des:.gnlng Engmeer. ALl engineer-; :

. “ing work is umler ‘the: ‘direction of ‘R, Fu Welter, ‘Chief ‘Engineer;
~ and all-activities' of‘the Bureau-of Raolama'blcn are under %he.
L dzrectlon of John C. Page, ;Conmnssionar.  :~: 'f': - : .

_ " The des:.gn of the Roza Dn.versi.on Da.m and appurtenant struc-
“tures was made wider the: ganera.l superv:.sion of ‘He' R. McBimey,-
;Senior Eng:.neer, ‘a.nd C. P. ;Ve'hter, Engmeer. L . :
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. /CHAPTER T - INTRODUCTION AN IESCRIPTION OF MODEL

|

B 1. ‘The. Protogype.——The Rozs. Dlverslon Da.m sarid’ 1'bs appur’ce—‘;?;; .

. ‘rian'b structures, aheadworks, “the Yal:::.m Rz.dge ‘candl, ‘and. fish:

~ledders, are: situatediin the.Yakima Riter:bstween Ellensburg ‘and’ ¢

Yalcima, ‘Washington' (figures:l and ). /The diversion dam,.which
. is) des:.gned to,pass.50,000:s cond«fee embles 2,200 second—
festito be’diverted ‘through the headmws 155/111'1:0 'bhe Yakima: ‘Ridge
"canals .To divert.this: Llow,, the: wa.terugm:.rfaca in- thu;;'reservo*r
willtbe: mnte.:.ned at a’ constant ileval by Ewo 14 by 110~foot
-roller gates &t thea‘d:.vers:.on ‘dam; ithe “dam’ balng shaped ‘to.allow

:submergence ofithe! ‘rollerigates enabling :ramoval ‘of [ice from'the =

.reservoir. The: obstructlon in‘the’Yakima " Rlver ca.used by .the .

| ‘diversion’dem requires:fish’ laddersvat -ea.ch abutment o e:o,e.ble

: ;":sa.]mon ’co cont:r.nue upstrea.m to the .spamnxng ground

;;_pora.ted in"The design-of these. Structuresito determine: ' (1). A
“ecorrect headworks:alinement; (2)" the: perfozmanoe -of ‘tha fish
-laddersy (3).e: stilling pool ‘at the tos ‘of ‘the. diversion dam;.
~and - (4) ca.ll'bra.tlon curves for 'the de.m'and the roller gates.

.‘ 3. Model Constructwn.--.ﬁ.;.l-:to 48 scale ‘model was buil‘b

- ‘ aﬁd tested inithe-hydreulic: laboratory .of ‘the. Burean - of “Reclé~-

-:-mat:.on Demrer, ‘Colorado (flguras 3iand. 4} ‘The:roller gates
-were made: of seamless steel tubing-and: thezr travel:.ng mecha.n—

' ism-was 1ncluded as’ shown in‘Section s figure 3, . enabl:-.ng

-,%dupla.catlon of: proto‘bype ga‘tes"s\etx,mgs. :The ‘diversion dem: was

- maderof llvht-gage sheet metalito: faca.l:.ta.te:-: nstruct:.on and _ L

‘ A elim:.nate wa.rp:r.ng., Sui‘i‘lclan't river: topography was: lnstalled

flow: condltlons. _ ihe headworks “of tha ca.nal ,’.‘-_z;‘comple‘t:e 'w:.th
piers,: tmshracks, end flsh screens, was: constructed a5 &a- unlt

. toifacilitate. chenges in:-alinement, ;A small weir: WRS J.nstalled
“wunder the. downstreamn, ond - of “the model: box enablmb .separato

| jacent “topography: was' carefully placed to. assure tho daslred
‘re}.&tlon betwean the dls cha.ré,e J.n the i‘:.sh ladder and m the

Conrivers

il

2. : Purpose uf‘ Model.--Hydre.ullc model studlas were ‘incor-

B

- supstream: and downstremn from the dlvprs:.on dam to: prov:.de nroper i

"-*"ﬁ;;mea.auremant of : the; flaw 'in'the cenals "The fish laddor:and; ad.- fi _'if_‘ Ok




W To Elensbhurg B
. . L #ROZADIVERSION. DAM
RAILROAD BRIDOEI M. -5 Ny R

L GANADA T
CUNITED STATES .

"

— OHWa

sTiomRam |

[ DEPARTHENT. OB THE INTEAION
Sl D BUREAL OB ABCLAMATION.!
VAR

: MA: PROJECT ~WASK m'eﬁm,

L HROZAUDIVESTON

ROZA DIVERSION:DAM < BENCH FLUME,
o SRATEROAD BRIDGE. - S

U O CATION.MAR |

| DR
rRACED:.
CCMECHID:




i545/,

‘ Area avadable \
-7:fbr. waste: fv

Rip. pmp bonk"“ ‘
m:cchon

D"MTMINT QF TME. iNTERlDR
-QF :RECLAMATION. .
nma kaou&cf-wnsmmeron
‘RGZA DIVISION

lVERSfDoN SDAM.




‘ng‘»‘-éfe_A !

+Fish Iooder==

Trelier.gotes j-it
- L.Pier.No.2" !
¥ R PR

“Axis of d&:iv_:

"HEADWORKS .’
[Ssa entorged
-vdetail) -

o .;.‘m...__‘n._..... i e T.H~ =g

KR

L% RGNS AP S DRI GO

58CALEIN FEET- PROTOTYPE " .
Q%48 96 144 ;192 240
f?f : : 1 I o | b | "
[~ IR

i
LI B +—

287038 a8 6D
SCALE IN INGHES ~MODEL

. L T /
LN Trask.roek. Ersh scregn-;
- § Clear_opanipgs..

TEg
INTERIOR
MATION. ;. .
WASHINGTON
LON 7

: + Bk aa as AR
17234 8:657:.8.9 10 11012
';SCALE.INLINGHES:MODEL i

- %







 CHAPTER II - TESTS ON HEADWORKS .

e :ORIGINAL" D.ESIC.»N

| by Descrlption of: Hea&workss--Tha hea&woﬁks to the Yaklma
‘Ridge canal. congists of 'six openings or panels formed’ by plers

~whiech support a-trashrack and fish:screen between: sach - openlng

{section B-B, fzgure 3;and ! ‘figure 54). ‘The width of: openings
~are determlned 80" that the'velocity of the: flow through them
will not:be. greater than about “two fest per ‘second for: the: maxi-
. mum discharga of '2,200. sscond-fest diverted iinto “the headworks.

This is necessary: to prevent Pish, especially: flngerlings, from “f"
.being trapped ageinst-the’ ‘fish screens 'dus to excessive" veloeln. G
‘tiese 'The fish screens:are: required +to prevent :salmon:and:other - '

‘fish from entering the cannl, The screens will be:rotated: slow- .

-1y .in the, prototype to:prevent debris from collecting on-them,;. ;;]]f_ '
rand a - gantry'will be. prov1ded to remove the:fish" screans ‘from  1rﬁ~

-the headworks for -cleaning. (sectlon EB-E, figure: 17) .As“the ..
flow passes from the reservoir through: the opanlnws and into: a
. transition,” it.is controlled. by:aradial gate placed: downstream
1“from'hha cmnal entrance (sectlon B-B flguro 3).ﬁ‘u e

5. Fldw tn Orlglnal Des;gn.--The orlglnal allnemant of. the i
_“headwurku was . rotated. 38 degrees clockwise .from a line: rormal: to
the axis of the dam (figures :3.and 54), This alinement reduced

the:length of the vertical tralnlng wall: extenulng from the' head- ,g g

~works  toithe: rlght abutment .of \the. dem, but it: caused: unsymmat-"ﬁ
rical:flow through the headworks. Observations on:ths: model re- -

. vealed that.when 2,200 second-fect was dxverted intothe: head-:

works, most of the. ‘flow entered the two: openings. at tha left
side, - c&usmng an eddy 'in:the transition to the canal._ This
eddy“dirocted: the flow. upstreamalong thoe: rlght ‘siderof’ the

. transitlon, causing -the flow at that point to: proooed through

'f.the oponlngs -and’ back into: tho r1ver.\~"“

-",rrﬁsrs LEADING : T_o; REC(I\MENDED ngsmi;zos HEADWORKS '

- B 6._ Allnamant and P051t10n Changed.--To ellmlnate the un-.;“._“ ;
"Wfavorable f'low conditions -of" the original: d931gn,‘the headworks e

. was:rotated 38 degrees counterclockw1se until its. center line . -

became normal with the.axis of the dam' (figure: SB) With this - 0

-a.linenent, the flow:entered each ‘opening -more! uniformly end:the
:addy 1n the trmns1t10n wos el;nunatad anabllng all the flow to
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proceed dQthfréém_thréugh-the7tranéitioﬁiandVinﬁojthe canal,

T AifhoUgh thefflcw?cqﬁditions7wére‘improved;Jit}waégheééssany
“to move the headworks 45 feet downstream to  reduce the length of .

| :ﬂftherEftical'training'WEll;extending‘fromfthe[headerks'tb‘the”‘

©Tight abutment of the dam (figure 5C). This‘did not effect the
~uniform flow distribution, but the reduction in length of the

'-‘tranSition_caused\Smnllfwav03'drfripples‘on-the water surface at’

' _theﬂentrance;tdsthe-canal,”fA*transitionjwas”designed;”thérefore,_
-to'give uniform acceleration and reduction in'depth in the tran- . -

“sition. TheuwaveS Qrfripp1es:werefeliminated;jbut}the,side walls ,
-of this transition:(not shown):projected too.far in front of each -
slide opening. As ‘a.result, the velocity of the flow through .

 each side opening was apparently deflected upwards at the tran<
sition walls, causing}eddiasaor'vortices*tofdevelopsj*A'Slightf*l s

‘charige’ in the shapéfdf‘the_transitionﬁéliminatedftho~undesirabla S
.eddies-or‘VQrticos,,and“this:shape'wasJadopted1in the ‘recommended -
- dasign. IR Ll e SR s

- Te' Recommended Desizn of Headworks.--The 'alinenent of the
- -recomended design (figures.5D and 6B) allowed a uniform flow .
_distribution through each opening. 6f the headworks. ' Its positiom,. =
- however, did noct permit:any reduction in the length of the ver-
- tical training wall extendiny from the headworis to the right -
- abutment: of the dam. “If thegheadwbrks¢had¢béan_movedﬂdOWnstream L
to' shorten this wall, tho transition to the canal would have been
too abrupts :The position of ‘the warp end:the 1 to 1 side slope .
i(figuros.SD,andflj)‘eliminatéd‘a-largefdddygﬁhichffdrmcd in.other
- designs, ‘during higher discharges, upstream from the headworks -
elong the 1%-to.1 riprapped slope. “Although this eddy did.mot -
~scour, it prevented the formetion of & more wniform'velocity dis-
“tribution in the‘approach*pf:the-headwcrks.';By*intnoduding.¢yé. -
- into the flow, a study was made pf the streamlines occurring T
alon; the ‘side.slope and the warﬁ; ‘This permitted the:position
of the-warp and the side slope’tc be readily”detennindd,3whiphl=
‘ wbuld~giveyalbettargvelccity_diSﬁ%ibubion:aﬁfthe”ép?régqh;ff‘[H‘f'

~ To check the flow distribution through the headworks of the
recormended design, velocity measurements were ‘taken st the .cer-

- terline-of edch;cpeningf(trashraCkSQandIfiéh*sbreghiih}pla@é)-Efﬁf~1r

f;at;sfation;1+63;5“(figurejSD).,.Thésa‘msasurements:were*takonhﬁ;:
Cwith 2,200 secondéfeetiﬁlo&iﬁg;thrbugh{thé”haadwqus into1the o
“capalé?first,ﬂwithfndfflbwfo?er'ﬁhéjdifersibnfd&m{f&ndfthenﬁwitﬁfj'
8 total combined flow (canel plus’diversion'dam) of 10,000 and
-60,000 socond~feets ‘Tho flow distribution (figure 5F) is.seen
‘B0 be quite uniform throwgh each opening'but. slso somewhat bet-
“ter’'in the first?tWU*cpsnings:thaniforfthe3alineméntfshbwn*dn;_;“‘

o
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- figures 5E and ‘64 in which the ‘headworks ‘has ‘been rotated ‘10 :de- %
.greesds The velocity data for this ‘design are shovn :on figure BG4

The average velocity.of -each ‘design for the’ ‘three:discharges 'is’

shownon figure 5H.,

. It was hoped thet if the.headworks wes rotated 10 degrees |
clockwise that a 'saving ‘could be made by reduding ithe length of i,
the vertical training wall extending from tle -hoadworks to the '
‘right abutment of ‘the ‘dam.  This was.not: realized, howevor, be-
cause a‘rotation of:10 degrecs affscted the volocity -distribu-
“tion and ‘it did not pemit .any roduction-of length of training
wall, ‘since:somo curvature -of the wall was necessary atthe. .
1eft ‘and of tho hoadworks. Any additional -ehanzo in alinement -

“inthis dircction would approach ‘thoiunfaverabloconditions ax- = .

‘isting with the original ‘alinement, -

B 8+ Turbulence ‘in Flow ot Right Abutment e ~=At meximum or
near maximum-discharge, considerable “turbulence.and boiling oo- .
eurred -with esdch headworks ‘alinement near ‘the ‘rizht abutment of -
- the:dam, & few feet upstream from the right roller gatel :This S
Jeondition ‘wa.s not considered serious enough “£o. require elimin-
ation. Its caus e'was never fully determined, but ‘it -may have
~ been-due in part to the . drewdown occurring in the flow as it =
- -.pessed around the .curved part of the vertical wall at tholeft
. ‘end of the headworks. ~During large discharges, the wvelocity of .
‘@pprodch to ‘the roller gates is considerable, iard any drawdown .
- oceurring .under this -condition may -have created this “turbulences.
At low discharges, the turbulence ’is mearly elimina ted, ‘but a o
‘vortex forms ‘in ‘its places I ‘may be necessary 1o removeiany - .-

.debris at ‘the water surface which ‘becomes trepped near ‘this
Vortexe . oo TR RS Bk
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CHAPT“R III - TESTS O FISH LADDER

meurmwz or FIS LADDER 5

, 9. Des:.g;n Features.--‘l‘he presence oi‘ sa]mon in the Ya‘clma] o
" River durlng; spawning ‘season. requires fish ladders to be in-
" stellsd at the diversion deam to engble the fzsh t.o pa.ss -ths.*

o _ obst-'uctlon. ; Thorea o, e:t lenst five featurcs to.be a.ncludod

the dos:.gn o:f‘ any - fish ladder: (1) Salmon wust: ba ablo to o

. ;p&s.: ‘through = fish’ laddor with o minimum of offort s.nd mJury,I el

{2) %the ‘entrance to the fish laddor. should bo placed in tho im=~ ' .

* mediate vicinity of *thc obstruction to bo pessod; (3) somo moans

.‘should he" nrov:r.dcd ‘ot “tlic- on‘bramce to i.ho fish ladder to o.t'tract :

S the salmon from tho main flow of tho rivors (4) the flow w1t1un
- “the £ish/laddor should have o rolativaly low voloczty ond bo .
! froc from oxcossivo turbulonce; end (5): the oxit of - o f:Lsh lo.d-"

Ldor should no'L bo. plo.nod nc..., o gctc, struc"burc-

Se.lmon do- *101: faad dur:mb m:L I‘ﬂ.‘b" on to 'Lh01r spawning

"‘-.'-grounds but 1ive from the ‘stored: emergy in their bodiess Th:.s s

L ‘Tequires an easy pessage To be provided &i any. obstructlon.; Ii‘."} S

©injury oceurs, e ‘protective’ film on e ‘body of the - ‘galmon mAY - s
“be broken, pemu't‘hing fungi to attacik the Tish, whlch may, prove -

- fetel, During the migration from the ocesn, the Pacilic salmon

* proceed only -upstream and ‘will not reverse their direction.

~‘This mlfes it ‘essential to have the £ish ladder entrence-adja- - o

cent to the mein ebstruction:in the river, ensbling the selmon
. to.procesd immediately uﬂstres.m -into the Jnddere In eddition,
"bhe selmon must be:quiclkly attracted to -the er'tra.nce by turbu=~ -

- ‘Lence ‘created by the flow from the. fish ladder-as the Tlow Spllls.?".;‘« G

. 'into ‘the river. AB the salmon proceed up thu ‘Tish ladder, '5OMS

turbulence must. be cr eatod by allowing +the £low: to BpLil. over
woirs dnstallod in. the leddors . If th:.s turbulence A5 e.rce.,s:.ve,‘_ .
. %ho salmon mey . Jump out :af - the laddor, and if the veloclty of -
~theo water ‘in'the: fish laddor 45 oxcossivo, ‘it may . roguiro the
- emendln,;, of ‘oo, much energy. by the: salmon. ‘Should ‘an “exit of =
S e fishy le.dder ‘be placed too noer. = gate structure, the Pigh: leava
. :-.-'1ng ‘the 1a.dder may betcaught in the swiftly mov:.ng we:ber d.J.scha.rg- v
©oing J.nto the gate a.nd be: awept dovms‘crao.m. ; s

LRIER msn LADDE"{SI‘I gi:ao‘DE_I:“;‘ B

L 10. 01‘1"‘1.1’1&1 Desl< n.—-The orzf“a.nal f:Lsh .:.adaer d.es:Lun
(i‘rures 7Kand. SAJ vias :Lnudequate because 1t dn.d not mclude




" all the ‘foregolng festuress Although the position ‘of the exit
‘axd “the velocity of ‘flow’in the ladder Was satisfactory, 1t ~ .
‘would ‘bernecessary for ‘salmon’to ‘revers o their direction to en~ :

| ~ ‘ter the lower 'leg:sloping into the river (section i-A, figure

7A)e During ‘the flow over'the diversion ‘dam, this ‘Yeg ‘Filled
with gravel,:which was &also undesirables No -definite entrance -
Lorattraction was provided, ‘and’'as the flow in‘the ifishiladder =
centered the right-angled berd at the'top of, tho lower leg, ‘the '
flow spilled out of ‘the ‘ladder, This condition :probably ‘would -
-have resulted inifish leaping complétely out of tho ladder.

© /lle ‘Recommended:Designe~=After a new ‘designihad ‘been'mads. = .
to inelude all: esirable features and ‘had:been installed in‘the .
model, ‘represertatives from thé Bureau .of ‘Fisheries, Seattle, = . .
"Washington, observed its performance and: agreed .on the .recommend= .
~ ed:design shom on figures 7B, 8B, end 8C. In'this design, ade
ditional weter (80 second-fedt) was Ciadmitted ‘into the lower -

- .pools by installing a pipe from the reservoir ‘to the fish.’lod= - .
- -der (figures 7B, ‘section H-H; and figuro 9)e ‘This:additiondl =~ .
“diseharge, “together with itho 'flow of the fish ladder (6:second~ " -

/feat), ‘caused ‘increasod:turbulence in 'the ‘river ag tho'flow =

- spilled ovor an:adjugteble weir at.the {fish :ledder -eritrance = . -
- (Pigure +8B; z:saction;{HfH,":iafigurei‘.fIO;li?axid,';,:figuzje 11)e :The;addi-- " -
. tion.of ‘this weir: permits regulation :of ‘the flowispilling iinto -
- the river:with:respect to teilwater changess R R R

. 'Wnen the'diversion.dam:was -operating, an undesirable eddy. - -
.formed 'in ‘the ‘river at-the -entrance to the ‘fishladders The = . .0
velocity lin the-eddy was iconsidered excessive and its ~upstrean
“component was ‘not:condudive to: salmon iffinding “the ‘entrance, 4 _

- small training wall placed-a few/foot: downstrean from the em= .~ .

' “trence  (figures 8B and 8C) reduesd tho :sizo-and “the ‘velocity:df . -

tho- oddy, i but :.i‘itr.-ms'.si‘;jdoc'iaed‘itdTf'loéataﬁ.thbf:’fbfdix;i‘"::g4::wq‘.'3‘1;.].‘--iir;‘f;i;_‘bh¢‘}\-_¢ o

~fiold:upon completion of ‘tho:pratotypo structure, ' -

' Oneimportunt -feature s added during the study of ‘the fish

- “ladder problem.  ‘In‘the event -salmon;should procesd upstream:elong o
the:right bapk:of “the river, it was ‘congidered probable’that fish

¢ 'would be'attracted by the flow:from the ‘right:igection of the di- . . .

.+ "“version-dame Unless:a fish iladderiwas ‘installed iin ‘this area, . . -

- “the salmon would ‘probably attempt to jump the diversion dam :in= I
-stead ‘of proceeding ‘across the ‘rivor to the:fish ladder on the
opposite benk. Consequently, :it was comsiderod advisable o ine

-stall.an additional fish ladder at: the. right: abutment:of “tho ‘di
version. dam (figure 12), -4 tunnel will -be provided ‘through the

+dam o :comneet :this ‘fish ‘laddor with tho lower pools of ‘tho ono -
‘installed ‘at”the loft abutment (figures 1l and 112)s It was ‘con=

-:sidored .umnocessary ‘toinstall the: added :fish ‘laddor and -connoct-

© ing tunnel in tho modele |
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., 8COUR PREVENTION AT TR OF

12, .Original Design.--The original design of ‘the. diveraion
dam 'did:not include & 8t11ling .pool fo r proventing scour at the
‘toe, principally: because it.was believed: that the basaltic rook
of the foundation would resist scouring, ‘Bxperience shows, ‘how- -
‘ever, that even the ‘best bedrock may eventually scour, and A58
matter of safety, & stilling pool should be included in a design -
of this -types -4 tendency:for 'scour ‘to-occur in the model was RN
- noted during s discharge: representing. 50,000 ‘second<feet, the = . -

meximui’discharges In & short time +the: gravel in the river bed. . 3
‘was:complotely removed to the bottom of ‘tho model bax (elevation
117240) ‘for: a prototype/distance . of : about ‘50 feet downstream.

: 13+  Dentated Bucketes~=Two designs ‘were developed in-the
model to.reduce. scouring at the toe of ‘the ‘dam: A dentated
bucket and a denteted apron:(figure '13)s The dentated bucket .
was ‘developed after tests had.been. made with various radii and =
positions of ‘a buckets It was -especially difficult to obtainia. . .
_bucket which would:operate 'efficientlys At maximum discherge, .
. the thickness of jet flowing over the dam was cons iderable, and . -
to prevent excessive .cost the ~bucket had to be placed 88 close™
-as 'pogsible to the-toe of the ‘dam,” ‘As & direct result, it was e
- difficult to ‘deflect the thick jet upwards in a ‘bucket of small -
‘radius. Because .of this“difficulty, the:flow os6illated between
& diving jet, which scoured seversl » end & roller, which pre-
. vented excessive scour. The bucket .shewn on ‘Tigures 13B and 14A°
‘findlly eliminated ‘the oscillation in the'flow, but the boiling .
above the:bucket was excessive. - Dentates were cut into the ‘bucket
o reduce this boil, but ‘,thi’sc"d_‘id-'_ndt‘prové:-e;i‘f.ectivé (figures .

.. RECOMMENDED DESIGN = -

. 'l4e “Dentated -Aprons--The dentated bucket was ‘abandoned in .
~favor of o dentated -epron. (figures "13A 'and 154), whish was adopte- . -
-ed-as the recammended "design.’ ‘Although this. design wes more cost- .
~1y; ‘the improvement in ‘the Tlow conditions warrented the added ex-
.pengey By comparing-the. flow conditions of 'the: recommended design

{figures 15 and 15) with the flow condibions of the “dentated ‘bucket

~(figure 14), the boiling of the latter design is appurents,

22




‘ The apron of .the recmmnended deugn wa.s ple.cad e.'b 'the elem-a
“tion necessary for the: formationicf a’ hydraulic Jump; - amd e.fter
“eorrect dentates had'been: da‘hemined, & ‘discherge. represanting
1 'B0,000 second={feet was run’in the model.for two: houra, the river
“bed consisting-of. 1/4-inoh ‘gravels "The: reaul-bing -goour s’ shovm S
-on figure:16A. An-additional soour: test was mde using. fine: sa.nd;"-
but the soour;was: s‘till aligh't wh -bha and of al two-hour run! a‘t ;
m&ximm d.ischa.rgaa

. 111 the even'b that 8 flood of 25,,000 seaond-ri‘ee'l: could be
passed by only ons: roller: ga.te, this condition was gtudied in
the:models, It was moted-that the jet at:the: BPrONIWas - daflea‘hed
above the ta:.lm'terims'baad of ‘taking ‘the form of -a hydraulic .
Jump. Observations ‘dieclosed that a ground .roller:moved:material .
" upstresm to ‘the tos of ‘the dam: el:.mmting any: danger of -soour: at-
‘that: pointe The river:bed: of:the modal was. scoured, ‘however, ‘im~ . .
‘mediately "below: +the point at which the deflected ‘Jot plunged: e
- %o'the tailwater; but’ this ‘seouring s i‘ar enough dnmatream frccri- '
the dam o be of lib'ble oonoem. S L ‘
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B. DISCHAROE 10,000 NECOND-FEET
"POND ELEVATION 1820.6
. TATIRATER ELEVATION 1197,3

C.:DISCHARGE 50.000 SECOND-FEET -
“POND ELEVATION 1220.6
- TATILRATSR ELEVATION 12065
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' B. DISCHARGE 10.000 SECOND~FEET
POND ELEVATION 1220.0
TAILNATER ELEVATICH 11

DISCIARGE 10,000 .SECOND~FEET
 POND ELEVATICN 1220.G6 .
TAILWATER ELEVATITN 1197.3,

RECOMMENDED DESIGN.
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GALTBRATION TESTS. SR

. Vi three parts ¥ 1 :Trae diacharge at! theiQﬁ\;" '
dl"m‘s bi‘l-dam'_’_(z) discharge undc_argth_q rolle sateh-and (3)=

0, ‘ &t
curves’ for rre "‘i.discharg fa:b ~thet dam,\vincludmg curves of ! dis-
charge versus theadrand: coeffidient of ‘dis charg;euversus hes.d for
both crests opsratmg aimul'ta.neously-‘;a‘n ‘ wve

_ ‘Figure 19 shcws cuwes for dlscharge and -,:coefi‘lcimt of dis—

'Ichargs -Versus. gata'opening for flow under each: rollerngate-ua '
sepa.rate ‘ealibration. for ‘each; ga.te-‘ other basic dats are-algo . -
“.shown, - Duringthis - calibratieq, 'bhe resewoir (model) WAS | ma‘n-
tained ‘at: elevatian 1220a6-".43-'4 . TS e

gcosfflcient of dzsohafge.‘
headfon gate ffﬁgurefzo).

rela.t:.ons. o

head on: gate (flgure 20)-‘
; coei‘flclent of d:.sckmrge.":“ji]‘ .

12§ji”




be'ing consta.nt

} By assum.ng values of d in equa.'blon (:,), Ty

e trial ‘and - error solut:.on will de'bermine corresponding valuesr

U efiHY, Usmg ‘these values: of d and ‘hl, ithe theoretical : co_--"—

. -ePficients’ ‘of+discharge .C ‘are ob‘ba.ined fromsequationi(3), “The : .7

2 Fderivat:.on of equations . (2):and (S)Emay be foumd-"-in‘itechnicnllﬁ R M5 )
idmsmor&ndum No. 562, “Design of i1 ‘

A compar:.son of the expermen’cal B.nd thaora‘clca.l du.scha.rge

: jcoefflca.ents shows ‘the 1atter +to beabout :eight percent gredter,. .

' ,f:*Suff:.cu.ent exparimntal da.ta were taken to: permit its:substitu-

~itieniintorequation: (u), “tho relatlon for theoretical: cooffie’

':clonta oi‘ d:.scha.rge. ‘When this':is | dcno, tha cceff:.c:.em:s.nb-

‘tained.are nearly egual to the:theoretical ‘coaffisionts o fined “_; L

by asswmng various values:ef “d ‘and ‘h 'in. aqua.t:.ona (z);‘and

(3)e Compare coefflcu.ent versus head (d) curves-on’ fs.gurek.‘ZO pf

‘MTheoretical” rand’ "Expar:.mental Based:onTheoreticala.".

1y, if the. experlmenta.l coefficients obtained from:equation! (3)
- are used to detemine ithe discharge” from equationi(l), the r
- sulting “head iversus dis charge ‘curve, “Bxperimental Basedion.

"~ Theoretical 0" (figure: 20) BETeas: nearly with the "Theoret:.cal"
" .discharge-curve obtained: From. equation’ (1) , but’using ‘velues of -

C . computed: from’ equatlons (2) and? (3)e “The - exnermental d:.s-

"charge:versus’ haa.d eurve: is: 81807 about e:.ght parcent less

" “the’ theoretical curve (figure’ 20), sinceithe: exper;men‘balécb-‘ 7
f:l.clen‘ts ‘are: abou-b elght percent less 'i:han the ;theoret:.cal‘_ B

A claser agremon-b between D’-‘-"'ﬂly GJ‘Per..mantal coeff:.c:.en‘bs

of dlschar'ge and- those 'obtained;from theoretical: consz,dera.‘tlons
viszmot expected -since the’ expenme 1 coefﬁ.clents are_based
~.on'the usual:-weir relation Q= : “The" 'hheoretlca

of the'. d:.scharge ccei‘flcwnt on -bho other ‘hand, ‘arc’ bas

‘ _;'pr:.m:lplos -and & ssum 1ons of hydrodynamcs 8BS oxpresscdm

oquations (2):and (3)e It'is .intoresting ‘to nota, ‘howave
- that when oxpcrimental ‘date aro: substrbutod in- aquat.:.on (35‘ iine.

~ stoad:of oqumtion’ (l), ‘tho thoorotical and: oxporimontal’ ‘cooffi~

. ~eicnts more noarly agroo. Thls endon'bly -confimys thoithoo- -
. rotiocnl assumptionds (Closor agrecment 'is pu rtlcul.:.rly difrie
‘cultto obtein horo, ‘bocausc of “the smnll secale model and tho -

. smoll -mod ol ‘dischargoss The - e:.e,h’c.-percexrt variations: may ‘be -

:accouwnted for:iniths. errors of. dzacharge ‘and. other. expermenta.l -
-measurements, “This is evident, since the- exper:.mental date sub=

" stitubed in:equation (3)ersiindependent of:anydischarge: measura-{u'i' :

‘ments; but the experimental:-values of 'C - obtained from. eguation

(5) agree closely w:rt;h the thaoret;cal valuas a.s ha.s beon shovm. o
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*CHAPTER VI - CONCLUSIONS.

| :»‘sijmmm:‘- OF ‘RESULTS

. 164 Headworksa--From the model studies it WS, possible to
‘obtain a’ satisfactory alinement which produced: B un*fonm flow
distrzbutlon through the ‘hegldworks ' (figuros 5D, 5F and*SB)a
No deflnlte rule ‘can be!stated: regarding the' allnement £a
headworks - at a dlverszon deme’ "IN this particular: study how-
ever, uniform Tlow dlstrlbutlon through the “headwn rles” was 'bost
obtained when the line'of openlngs was not: parallel to ithe! 11-'” 
roetion’ of flow in tho: rivore . This’ -assumes ‘5 0mo volocity 4Cross
tho 'face of the’ hoadwurks ‘ductoiflow pagsingrovar! itho'divorsion
dam, If thoro is nmo volocity ‘aoross the-faco of tho houdwurks,
‘then tho “hondworks alincmont is not: vcry 1mportunt Qs far ‘O
.junlform flow dlstributlon 1s'conccrnod. &

‘ 17, Flsh Lauder.—-A s&tlsfactory flsh ladder deslgn was
 evolved in the model : (flgure 7B; "8B.and 8C; and: Pigures 9-to
712, inclusive)e This: study: also revoaled. the necessityiof plac-
ingrens addltlonal ‘fishiladder at’ the right abutment of the divers
‘gion dam’; (flgure 12)e Itiis 1mportant to provide: fish ladders
" .at cbstructions. inia river which.salmon follow. from the ‘ocean .
%o their.spawning grounds. “Fish ladder. designs: shouldinclude
-all the features . 1isted on pags. 14.‘_Where ‘hoadworks istructures
rare present, ror. other. outlots arc: provided :in-tho rlvar,‘flsh :
_“seroons.should bo placed to. -prevont -sdlmon frcm ontcrlng those.‘“
.structuros, oge thcy mlgrato +to™ tho ocenn.;

‘ 18. Stllllng PooLe-—h dentated Bpron was developed adupty ,
Jidg.a; hydraullo Jump :to-eliminate excessive: scouring at all dis. "
charges . (figures ‘134, 15, end 16). - Good design: practice includes
fst;lllng ‘pools:far; preventlon ‘of -scour &t  thae | toe-of ‘an: overfall
‘dem. Bven‘if the- bedrock 6fthe foundation’ is- durable ‘and can
",probably resist: acourzng, it isradvisable to take: necesaary pre- ‘
cautiocns and. provlde ‘some | means ofuprotectlng«a -channel ‘from

- ,scour-at the too of "an overfallidam. illwny. ~Figure 17

fshaws goneral plon and: sectionsﬁ‘f!comuloto rocommondad d551gn."

19. Galibratlon.-~Neglecting the veloclty cf apvroach the L
‘experimental . coefficient of- dlscharge for:free: dischsrgeover..
‘the:diversion:'dem varies on itho" average: ‘Trom" 3420 for a’ head of
Re25 faet, £0-3,80 for- a%hpad of 170 feet (flgure 18).
efficirmts are. sllghtly ' ffarent for senarate and 51multanoous

"Wcrost oueratlon.




o The coeffic:.ents of dischargo for flow u.nder the rollar

. .jga’ces varies on the a.vera.ge ‘from:0e68:forie ;

‘Teet, to 0e72 fora: ‘gate opening o 1} compt
"fl’chese ‘cosfficients fromithe: orifice’frelatlon, = 0AN/2gH,
“H “was ‘measured from the .reservoir water:surface (maintainad

* :oonstant at-elevation: 1220.6) to -the; gooma’crioal oanter oi‘ tha
uggato opanmg (f:.gure 19)- EENARE Gy e B

‘ In dotemining coeffmwnt'.S of dlscharga for flow owar :
‘roller gates, ‘it is evident from this: study! ’chat ‘the'theoretical
“relations, ‘equations ' (2) and ((3), page 29, are, jus‘biflad. The,
--;'-;expermental ‘data :Lnda.ca.te that the coeffic jent: ofdig charge :
~varies‘from 3. 12for a heed ‘on ‘the zate: ol 2,00 Poet, to 3443
“for & head of ‘4485 feets The" 'hheoretica.l coeff:.cionts are: a'bou‘l:
_-‘;'a:l.gh‘{: parcent grea.'ber (figure ZO). o




