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: This. 1- a raport of . the hyuraulic model utuﬂins iacorporatad vith
the design of the Roza Diversion Dam. and itw appurtennnt ntructnrna; 8
_headworke, the Yakima Ridge. Censl, ‘and fish ladders. - Situsted in’the
Yakina Biver between Ellen-hurg and Inkimn. Wuuhington (Figuroa and?) -
the Diversion Dam, which 1s . designed to. ‘pass 50,000 soeond-reat. tnableld_ _
‘2,200 ‘second-fest ‘to. bm diverted- through the hnadunrks ‘Anto the Ilkima o
.Bidge Canal, To. divcrt*this flow, the weter wurface in the Baservolr
‘wfll be maintained at e Censtant level by’ twq‘lh- by 110-foot roller -

gutes at the. Divernion Dam, - The’ obutrnctinnfi' the Inkina Eivcr euuaed"~~ﬂ'

by the Diversion Dam requires fish ladders at’ o8 h‘ubntment to anabln
_‘calnon to continue upatream to the spauning a:uundn.,~ : S

Hrdraulic modal studiea vare 1ncorporated 1n the design of thala“ i

structures to determins: (1) & correct headworks alinumant' (2) thal‘Jﬂ;Q

_performance of the fish.ladders; (3} a #t111ing pool &t the 'tos of ' 7
“the Divarnion ﬁam. lnd (k) calibration curves for tha Dam nnd rollor-«rﬂ‘r“

ety

" ;S&ten SE

«E{.-(

THI uODIL LR

‘ 41 to 48 ncala model was built and tested 1n the Hydrlnlic R
,Laboratary ‘of the puraau of Beclamltion._nanver,‘Colaradn (rlguren 3.;~c“"
'l and 5) “The. rollar gates were mede -of seamless steel tubing and - ;j@

- their traveling mechaznism wae. included as ahown in Section Amh Figr ‘

uare 3, -enabling duplication of. prototype gete aettings._ The" Divorsion
Des -wan made of lirpht-gage shest ‘metal to facilitate conztruntion and

to eliminata’ werping. ‘Sufficient river topqgraphy was installed ups! %ﬁﬂ
and downatream from the Diveraion Dem to pr0V1dQ propgr flow e°nd1 ;103"‘.: Dy
. The headvorks of the Cannl. complete with piern, trashrecks; and. fish . .

screens, wau,conatructed a8 &8 unit . to fecilitate -chenges in alinenent

A small weir wae installed mnder vhe downstream. end of the model. box

ensbling meperate measurement of the flow in ‘the Canal, The fieh

. ladder and adjecent topography was carefully placed to assure she
desired relation betwean the"diucharge in the fish laddnr nnd 1n the .
‘river.”‘ L ‘ o
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.B. DISCHARGF ‘50, 000 SECOND FFET
CANAL DISCHARGE '2.200 SECOND- FEET

POND ELEVATION 1220.6 - .
TAILWATER ELEVATION 1206.5.

ORIGINAL DESIGN.




B. DISCHARGE 50.000 SECOND-FEET
POND ELEVATION®1220.6 . .
- TAILWATER ELEVATION 1206.5 .

ORIGINAL DESIGN.
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The headwnrks to‘the Yakima Ridze “ﬁ@consists(of ai upanings "

“' _or panels formed by piers which support' ;auhrack and finh ‘mereen

_between each opening {(Section B<B, Figure 3).. The width . 'of openings -
-are determined so thet tha velocityrof th vflovfthrough ‘then will not

.. 'he:grester ‘then ‘about ‘two feet per second, This ‘is necessary to pre~~1'lm
~“;vent Fish, especially fingerlings.;from heing tranped againlt the £ish

- screens .due ‘to exceseive wvelocities,  The fieh ‘screens are ruquirnd to
"-prevent -eelmon and other fish from entering the Canal, Ehn}acraenn
©"will ‘be :rotated -slowly in ‘the prototype to provent debrin ; Y
. _ting on ithem, -and & /gantry will ‘be provided to- ‘romove ‘the :
' from the headworks .for :dleaning ((Section B-B, Figure 219,
"pasues “from: ‘the Reearvoir bhrtmgh the' opaningl ‘and’ int.ok,s' it
At ds, ‘controlled by ia radisl gate placad dounstraam rrom the Clndi=
sntrance (Saction B-B E?igure 3 : . S e

;*:originalxalinsmentfof the hﬁadwurkn Was“ %
“¥ine ‘nermal to :the axis of the,_amfcrigura
- reduced ithe length: 8% :
. ‘headworks 'to ‘the: right abutmant of.- tho “Dem, Cbut 4 ansed*nnsynmctrical
- flow: through*the headworks._ Ohaarvatione»on th revesl

_ f headworka wes rotated 38 countefclockwise nnxil 1ts%cautnr11n6ﬁﬂ°
”;;normal with: tha axie of tha ﬁam (rignrefEB: { 't

- &1though th flo- conditions were 1npr0‘,
. smowe ‘the ‘headworks 5 faet : dovnsbrenm~t :reduce’th
1. 4raining wall ext
ﬁthe ‘J)am *F‘ig.‘nre 50).

. the: Ganal.

‘accelerationwand
ripples- ‘ware :8)
- -abrupt. ‘bacause 1t el
- dng. Accordinglz.,,“
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: ‘rolhr mﬁu 1: fcanaidarable. and any
o j-.condition my ‘have ereated th:ls turbulen

w e nacanary £0 remon any: do'br:ls ,at t.he iwater surfac_ which
i f_beuomea tr&ppeﬂ near shh vorux.‘ - R :




The pronence of ualnon 1n tha‘*’h].kima R:lvcr dnri 4
season requires fish ledders to be installed at the m" reion. Dn

%o enable the fish tommss that obatruction, ‘Thers ars’ pt least five )
festurss to be included in the design of any fish ladder: (1) salmem '

must be abls tc pass through a fish 1sdder with a minim of effort .
 snd injury; (2) the ontrance to ‘the fish ladder should-be plaeld i
“the imue@iste vicinity of the cbstruction to be passed; (3) wome
means’ should e providad at the. ontranco 10 the £fish hddnr to:
attract the salmon from the main flow of the Tiver; {U). ‘the ﬂw :
within ‘the fish ladder should have a rolatiuly low. nlocitr and Yo
‘free from excessive turbulance; end (5) - the: ax:lt n:r Y ﬁnh laﬂhr
ahould not 'be laaed ‘ne&r a gat.e stmtnre. L 1 B

Salmon 4o not :f‘aad dnring nigration to t.hoir upnninz grmd- tm
 1live from the atored energy in their bodies, Thip reguires.an SR8y
pessage to ba provided at any’ ‘obstruction, 1If injury oeccurs, B Pro-
tective. ﬁlm on the body- af ‘the. nallmn my be brokun. an‘bung mn
 to atteck the fish which: mey. prava fatal, Dur;lng the nigration from
‘the ocean,’ tlm Pacific ‘salmon proceed only upstream snd will not
- reverss their: Adirection.  This makes: 4t annntu.l *0 have tho :
ledder -aptrance adjacent to the nein’ o'b:truction 1n the river anzdling -

o the aalmon to proceed imediatoly npstrnm into tho Inddor.',,.l_’n

©.addition, - the salmon must be quickly attracted to ‘the antr@nc :

turbulence ‘created ‘b'y the. flow from the fish ladder s the f 'mp = i1s

. into the river, As the lalmon proceed np the fisgh hMan ‘Boms tu'm-
. lente must be created by :allowing the flow to ‘wpill ‘over: veir, insta j
' 4n the lsdder. If this turbulence is nxcouhe. ‘the ullon w;nnp
¢ ooat of the j.aﬁﬂor. and 4f the" velnc:lty ‘of ;the wate - {
o iw axoessin. At ‘may ‘reguire the. oxpenaing ‘of too. such anergr 'br the
" galmon, . ‘Should.an-exit:.of a fish ladder be placed $00-.D6Rr 0 gotoe
L stmcture. the f4ish: 1eav1ng the la&dar 28y DB clmght 4n the: ovu‘t-\
;moving uter <ﬂiachar41ng 1nto the gate end bo nwpt ﬂmstm ~

The rigi' -fiuh lad,d.cr daaign \Iignret &l ma 95) was hmdnmt
417 did not 1nc1nde s11 the foregoing features. ' Although h
f the. exit and ‘the. velocitr of flow "1.n ‘the - l.lddﬂr whs 20t19-
b would be :nece&om for salmon to. ravarn thelr direction: o
; leg #loping in’ﬁo;,‘h‘a Tiver' (Bection &-4, Figure. ﬂ)q
"Pivgrcion Daa h:l.c lag ti led Mi M?ﬂl. !#hiﬂh
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C. HECOMMENDED DESIGN.

- FISH LADDER.
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. structure,

After a new design had besn made to include all desiradle .
features and had besn instsalled in the model, representativec from . .
‘tha Bureau .of Fisheriss, Seattls, Washington, observed iis perform-

. -ance and agreed ‘on ths recommended design shown- on FMguras B8, GB,
and 9C. In thig ‘design, additionnl water (80 second-feet) wae ' Do
admitted into the Lower pools by instelling & pips from he Hesarvelr .

-~ begthe fizh ladder (Figures &8 and 10). ~This sdditional diwchurge, -
~ together ‘with the flow of the fish ‘ladder (6 ‘second-rest),. caused

increased ‘turbulemce. in the river &8 the flow spilled over an adjest-. -
‘able weir at the fish ladder entrance (™ zares 9B; Sectlon H-H, ¥ig--..
ure 11, and Figure 12). . The sddition of this vair peruits regdlation

of -the flov spilling into the river with 'vi.relp;e:}t‘_‘to,ilta:!.'lugt_l‘r'j“;;cl}iaml‘;’ x

., Mhen the Diverslon Dem wes opersting, an undesirsble eddy formed
- inthe 7iver at' the sntrance to the fish ladder, . The velocity im ths

oddy wag oonsidered excessive and 1te upetrsam compoment was' 1ot . con-

ducive to splmon finding the entrance, A small -treining-wall placed

8 fow feet dowmstremn from the entrence (Pigures YB and 96 ) ‘rednesd

the size and the velocity of the'sddy; but it was dacied fo loen
the training-vall in the 71s14 upon complevion of the prototype

. ‘One'‘important featuvre wasadded .during the stody of the e A
ladder problem. In the event salmon should proceed upatream slang
the right benk of the river; 1t wae congidsred probable that figh e
would be atirected by the flow from the right section of the Diversion . .
Dam. Unlees & fish ladder was installed in thie area, Ahe nelmon would: -

probably attempt to jump the Diversion Dam’instead of proeseding acroas

the river to ‘the fish ledder on the opposite bank, : Conssquently, 1
- wag considered advisable to install ‘an;-addi;t_i-bnh"ll*fiah_r,;qﬂdf.-ij.‘azit_;‘.t}‘;pg'_4 o
right abutment ‘of the Diversion Dam (Pigure 13). 4 -tunnel will be pro-

 vided through ‘the Dam to connect this fish ladder with the lower poolt.

of the one installed at the left abutment (Mzures '10°and 13}, - I wae'
‘consldered unnecessary to.inetall the .added fish lodder and comneceing -
: xme‘l‘;1h:‘ﬁ'-3;hg;;_:nvo§.§1"-. TS T O PR A G - :

The original design of the Diversion Daam did ot dnclude & ab8lling
pool fer preventing scour at the goe,. p;i‘ncipajlly;,h‘eungeu;it;_'\m-s_he;.i,;_amv ‘

' thet the bassltic rock of the foundaticn would resist scouring,  Exps
© L .enee shows, ‘however;, ‘that even the best ‘bedrock may eveniuslly scour,

na -short “time the gravel in the riverbed wes “complotely removed 4o

. &nd as & matter of safety, a stilling pocl should be 4ncludsd in e frelgn
“:of this type. A tendency for scour to cecur im the sodel was noted ~ i

. during & discharge Tepresenting 50,000 ‘second-feet, the meximue dischergs.

 *. ‘the hottom .of the model box (elswaticm 1172.0) for ‘& prototype” 4l stane




B. DISCHARGE 10.000 SECOND-FEET
POND ELEVATION 1220.6
TAILWATER ELEVATION 1197.3

DIZCHARGE. 50.000 SECCND- FEFT
POND ELFVATION 1220.6 “
TAILWATER ELEVATION 1206.5

DENTATED BUCKET DESICN




. B. DISCHARGE 6.000 SECOND-FEET OVER GATES
" 'POND ELEVATION. 1220.6
' TAILWATER ELEVATION 1195.8

DISCEARGE 10.000 SECOND-FEET
. 'POND ELEVATION 1220.6
TAILWATER ELEVATION 1197.3

RECOMMENDED DESIGN




A, DISCHARGE 10.000 SECOND-FEET Lm GATE
POND ELEVATION 1220.6
“TAILWATER ELEVATION 1197.3

B. DISCHARGE 25.000 SECOND-FEET LEFT GATE
POND ELEVATION 1220.6
TATLWATER FLEVATION 1201

C. DISCHARGE 25.000 SECOND-PFET
POND FLEVATION 1220.6
TAILWATER ‘ELEVATION 1201.0

RECOMMENDED DESIGN




A, DISCHARGE 50.000 SECOND-FEET
POND FLEVATION 122C.6
TAILWAT 7R FLEVATION 1206,

. SCOUE pFTER TUO HOURE-DISCHARGF 50.0C00 SECOND—F‘EF."I‘

RECOMMENDED ‘DESIGN,
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