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PREFACE 

The hydraulic model study ~inc orporat ed With the deslgn ,',of 
~the Roza Diversion lDam aud appurtenaut structures was made ~iu 
the hydraulic laboratory of ~the Bureau of Reclamation, :Denver, 
Colorado, under the jdirection of JJ. ~E. Warnoc!c, Res earth !Engi- 
neer. °The tests ~were~conducted and this report i prepared by I Ho 
G. ~Dewey, Jr,, ~Assistant ~Er~ineer. ~All :laboratories are under 
the supervision Of Arthur Ruettgers, SauiorEngineer, and IR. F. 
Blanks, iEmgineer. All design work ~iis under ~he genera! super- 
vision ~ of ~J. L. !Savage, Chief Designimg ~Engine or. :A~l engineer- 
~ing ~work is under the direction of R. F. Walter, ~Chief ilEnginee~; 
aud~ all activities of ~the Bureau-of ~Reclamation are under :the 
dlrectlon of John C. Page,~Co~ssioner. 

The design of ~the.Roza Diversion Dam ~ and appurtenant struc- 
tures was made under the ~general ~supervision of :H. R. McBirney, 
Senior Engineer, and C. P. Vetter, Engineer. 
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:gKAPTER, , ,I I ..... ilNTRODUCTION:AND ............. ~:::IESCRIPTION :.OF: MODEL 

INTRODUCTION ~ 

nant, s%ructures, ..k ~iheadworks, =the :Yak~ Ridge ..canal, ~:.aad fish 
ladders, a re situated~:in the Yakima :Ri~e r:~:b ~tween ~ Ellens burg ~::and 
Yakima, ~Washingten ~ (figures ~ 1, and :~), ?:~The ddiversicn dam, ~which 
:: is !idesigned ~:to :pass: ~0~000 
f e et ?t O! b e !~d iv err ed ~,thr oug e 
canal. :To ;divertithis;flo r 
wilZbe maintained~ata constant 
roller gates: at ~the ~,:diver sion~:~d~ low 
submergence of~ t~ fr~ ~the 
reservoir. The :ol y ~the 
:d~vers~on:d~:requxres:.fish~ladders:]at .~eaah~ abutment ~to ~smable 
salmon %o continue~ upstream:ito the~pawning grounds. 

?2e : Purpose c~i Model.--Hydraulicimodel. studies were incor- 
• orated inL~~he • d'esi~ ~ '-~ .... " ' ~ - P .......... ~u~ of ~ these st~Ictures :to determzne, i(1) A 
correct headworks: alinsment .¢~" t hs fish 

ladders ~ i (3) :~a stillin~ :i poo iv~ezs ion ':dam; 
and (4)~ calibrati on::curves ~for i ~hez:dam ~and ~ the = roller ~gates. 

TI~ I~ODEL 

:;S. M 
and tested 
mation,~De 
.were,made 
ismwas in 

• ~duplicati o 
made< of li 

s~built 
fiRecla.: 
igates 

n- 

,::dami, was 
ion:mud 

, to .e liminate ~wa rPing. ~S ufficient ~.~rive r,ttgpo graphy-, was ::fins ta i le d 
~uPstream:and downstream i:from i er 
~flow~conditions. !The iheadvor~ 
piers, !trashracks, .and fish: s ( 
to ~facilitate c~1~ges.!in • al~ ..... d 

: und er~ the ::downstream end of the: model:box ~enablin~ ~:~s eparate 
~measur~ment of the:flow in~t}~e~ canal. The=fishi:laddor:~and ad- 

.° 

r l ,  v o r j  
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CHAPTER II - TESTS ~ ON HEA/Y~OPS(S 
i . . . . . . .  

ORIGINAL DESIGN 

4. Des cription of Headworks i,--The headv~rks to the Yakima 
Ridge canal consists of six openings or panels formed bylpiers 
which support:a ~trashrack and fish ' screen between each opening 
(section B-B, figure 8;and figure 5A). The width of openings 
are determined -~ so that ~ the velocity of the i flow through th~n 
will notbe greater than about two feet per second for themaxi- 
• mum discharge of 2,200second,f~et diverted into the headworks. 
This isnecessary~to prevent fish, especially~fingerlings, from 
being trapped against ~ the fishscreens due to excessive veloci- 
ties. The fish screens are required to prevent salmon and other 
fish from entering the caual. The screens will be rotated slow- 
ly in the prototype to prevent debris from collecting on!them, 
and a gant~j will be provided to remove the fish screens~from 
the headworks for ~cleaning (section E-E, figure 17). As the 
flow passes from the reservoir through the openings and into a 
transition, it is controlled bya radial gate placed downstream 
fromthe canal entrance (section B-B, figure3). 

5. Flow in OriginalDesign.--The originalalinement of the 
headworks was rotated 38 degrees • clockwise fr~n a line.normal to 
the axis of~the dam (figures 13and 5A). This alinement ~ reduced 
the length of the vertical training wall extending from~the head- 
works to the right abutment of the dam, but it caused i unsymmet- 
rieal flow through the headworks° Observations on themodel re- 
vealed that~when 2,200 second-feet was diverted into~the head - 
works, most of the flow entered the two openings at the ileft 
side, causing an eddy inthe transition to the canal. This 
eddy directed the flow upstream alor~ the rightside of the 
transition, causing the flow at that point to proceed through 
the openings and back into the river, 

TESTS LEADING TO REC(XdMENDED DESIGN OF HEADWORKS 

6. Alinement and~ Position Chnn~ed.,-To eliminate the un- 
favorable ~ow conditions of the originalidesi~n, the headworks 
was rotated 38~degrees counterclockwise until its center iline 
became normal with the~axis of the dam (figure! 5B). With this 
kalineuent, ~the/flow entered each openin~ more uniformly and the 
eddylintthe ~transition was eliminated, enablingl ali the flow to 

9 
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proceed downstream through the transition s~d into <the canal. 

Although the flow conditions were improved, it was necessary 
to move the headworks 45 feet downstream to reduce ~the length of 
the vertical training wall extending from the headworks to the 
right abutment of the dam (figure 5C). This did not effect the 
uniform flow distribution, but the reduction in length of the 
~ransition caused small waves or ripples on the water surfaceat 
the entrance to the canal. A transition was designed, therefore, 
to give uniform acceleration and reduction in depth in the tran- 
sition. The waves or ripples were eliminated, but 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 Ul~vards at the tran- 
sitionwalls, causing eddies or vortices to develop, A slight 
chsJ1ge in the shape of the transition eliminated the undesirable 
eddies or vortices, andthis shape was adopted in the recommended 
design. 

7. Reco~nended Design of Headworks.--The alinement of the 
reconmended design (figures 5D and 6B) all~ved a uniform flow 
distribution through each opening of the headvmrks. Its position, 
however, did not permit any4reduction in the length of the ver- 
tical training wall ~xtending from the headworks to the right 
abutment of t1~e dam. If the headworks had been moved downstream 
to shorten this wall, th0 transition to the canal would have been 
too abrupt. The position of the warp and the l~to 1 side slope 
(figures 5D and 17) eliminated a large eddywhichformed in other 
designs, during higher discharges, upstream from the headworks 
along the l~-to 1 riprapped slope. Although this eddy did not 
scour, it prevented the formation of a more uniform velocity dis- 
tribution in the approach of the headworks. By introducing dye 
into the flow, a study was made of the streamlines occurring 
alon~ the ~side. slope 8~r~d the wari~. This permitted the position 
of the warp and the side slope t~ be readily determined, which 
would give a better velocity dis~ib~hion at t1~ approach. 

To check the flow distribution through the headworks of the i 
recommendeddesign, velocity measurements were taken at the cen- 
ter line of each opening (trashracks and fish screen in place) ! 
at station 1+6o.5 (figure 5D). These measurements were taken 
with 2~200 second-feet flowin~ through the headworks into the 
canal: first, with no flow over the diversion d~, and thenwith 
a total combined flow (canal plus diversion d~m) of i0,000 and 
50,000 second-feet. The flow distribution (figure 5F) is seen 
to be quite uniform through each opening but also ~ somewhat bet- 
ter in the first two openings than for the alinement show~ on 

ll 
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figures :BE and C~ in whi ch ~the ~headworks ~has ~been ~rotated ~i0 ..'de- 
grees. The velocity,data ~for this designate shov~ ~on figure ~SG. 
The average ~velocity of ~ea ch design for the three d~is charges ~is 
shown on figure 5H. 

It was hoped that if the head~Torks was rotated ~I0 =degrees 
cloda~ise that a saving couldbe made by reducing the length of 
the vertical ~traini~ wall exter~dimg ~ from the headworks !to the 
right abu~nent of the dam. This iwas ~ not realized, however, ~be- 
cause a reta~ionof.!10 degrees affected the ~'elocity distribu- 
tion and :it did not pemit .any reduction~of ~length,of training 
wall, since serum ~curvature of ~10 ~ wall was :necessary at ~tho 
I eft ~nd of the headworks. Any additional ichange in alin~% 
in this direction would approach the ~unfavorablo conditions ax- 
istinG withthe original alinement. 

8. Turbulence fin Flow at Right Abutment,--At maximum or 
near maximum,disgOrge, cons idel-able ~turbu'l~e ~'and boiling ~o e- 
cuffed with each headv~rks alinement near the riGht i abutment of 
the dam, a few f~et ~upstream from the right:rollerlgateo :This 
condition was not considered serious enough to ~require elimin- 
a " L , . 

~lon. l~s cause was never fully dctermlned, but it may.have 
been due in,part ito the drawdown occurring in the £1owas !it 
passed around the curved part ~ the vertical ~w~ll,at the :left 
end of the headworks. JDuring large discharges, ~he velocity :of 
approach to ~the roller gates is considerable, and ~any dra~n 
occurring under:this condition mayhave created this ~turbulence. 
At low discharges, the turbulence !is nearly eliminated, ~bub a 
vortex forms ;in ~its place. It maybe!,necessary to :r~move any 

~,debris at thewater surface which.becomes trapped near this 
vo rt exo 

~tt 
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CI~UPTER III - TESTS ON FISH ~'IDDER 

FUNCTION OF F ISii LADDER 

9. Design Features.--The presence of sa]m~on in the Ya/¢ima 
River during spawning season, requires fish ladders to be in- 
stalled at the divers±on ~ dam to enable :the fish%o pass that 
obstruction. Thore'a re at least five fea~tures robe included 
in t!~ design of any fish ladder: (1) Salmon ~,mst~be ahlo to 
pass throt~h a fish ladder with :a minimumOf effort and injuz-j; 
(2) the .entrance to t~he :fish Tadder should be placed in ~ho im- 
mediate vicinity of the obstruction to~bo p~ssod; °(3) son 0 moans 
should be provided atthe ontrm~co to the: fish ladder to ~ttrac% 

. i he  s~lmon f rom t h e  m a ' ~  f.low o f  t h e  r i v e r ;  (4 ) ,~ho  f l o w  ~v, i t h i n  
the fish ladder should h~vo a rolativoly low vo?iocity 
free from" excessive turbulence; and (5). tho,oxit of a fish lad- 
~dor Should not be placed near :a gate structure. 

Salmon do not feed duri~ migration to their spavmlng 

injury occurs, ~a Pr0tective film on ~ e  body of the salmon may 
be broken, permitting fuuzi to attack the fish, ~/qichmay prove 
fatal. Du~ng ,the migration from %/ie ocean, the Pacific salmon 
pro teed only upstream and will not reverse ~heir direction. 
This makes it essential %0 have the fish ladder entrance adja- 
cent tot he .main ~0bstruction in the river, enabling the salmon 
to proceed inm~ediately upstream into the ladder. In addition, 
the salmon must ibe quickly attractedto the entrance By turbu- 
lence created by the flow from ,the fish ladder as the flow spills 
i-~to the river. As the salmon proceedup the ,fish ladder, some 
turbulence mu~ ~be created by allowing the flow ~o ,sp~ll,:over ~ " :~ 
~eirs finstallod in the ladder, If ~hi s turbulence :is axCessi~e, : ~ !~ 
the ~lmon may jump out ~ the ladder. ~nd if ithe ~elocity of i: 
the wat0r in the. fish iladdor is excessive, it n~y roqui~o the 
expending ~of too muCh energy :by T~he salmon. Should an :~it of : ~ 
a fish ladder ibe placed too :near a Gate structure, the fish leav- 
ing %he ladder may ~be caught in the Swiftly mo~ing v~ter dis charg .... 
ing into the gate ,and be ,swept dov~stre~m. 

FISH LADDERS IN L~ODEL 

I0. 0riGinalDesizn.--The original fish ladder design 
(~!oures 7~ and 8A)was inadequate because it did not include 

~i::i ~ L< ' :~ i~i~ :i~:~ ~ii~:ii i~ ~i: ~ ~ ~: ~:~ ~:, i~% ~ < :~: :,: :~:%~ ~:i~ :! ~ ~,~i~i~ ~:, ~ ~ : :: ~ ~' 
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all ••the foregoimg features. Although the !position of [the exi~ 
and ~the velocity~of iflow:~in the ladder was satisfactory, ~It 
would !be :necessary ;for ~18almon~to • reverse their direcSion :tO on- 
er the lower~leg~ sloping into the~r~ver (section A.A, ~figure 

7A). During ithe~flow over ~the !diversion dam, ~his ~leg ~iIle~ 
with gravel, which was ~ also ur~desiraBle. No definite entrance 
or attraction was p rovided, andas the ~flow in ~the irish iqa~der 
ant ered~ths ri~ht-angled bend at :~he ~top of the !imver !leg. ~the 
flow spilled out~of~the laddero ~This condition probablyvould 
have resulted in/flsh leaping •completely out Of the iladder. 

ii. Recomme.~ded~De~ign...A~ter ~a ~ new :design had ~ been made 
to include all desirable features and ~d ~be en instal~le~ in ithe 
model, represemta~ives from the Bureau of iFisheries, Seattle, 
• Washington, observed !its performance~an'd agreed :ca the recommend- 
ed design sheba on figures 7B, ~is design, a'd- 
ditiomal war er (80 seo ond,fee~) ; o the !lower . 
pools i'by imstallimg a pipe ~from the~reservoir to the :fish ~lad 
der •(figures :TB, s ection~ H-H; and ~figure 9). This~ additional 
dis c harg e, ~ tog et he ~, with i ~ho f! ow~ Of the ~fish ladder i(6 ~ s e cond- 
feet), caused incre~sed~turbul~nce in the river as the flow 
spilled ~ovor an~adjustable weir at the :fish ladder ~entramce 
~figure ~9B, ~sectiau H-F,, ! figure !IO: ~and J figure i~). ~The ~addi- 
tion., of. i.this~ . . .weir  permits regulation ~ !,the Tlow~spilling . i into 

• When ~he diversion,'dam was operatiz~, an: undesirable eddy 
formed in the river at ~the entrance to •i the fish ~ladder® The 

i ~ / 

small training wall i placed~a ;few~Teet~downstream from i the en- 
trance (figures 8Band ~8C) redt~ed the ~siz0,and ~he :velocity ~0f 
i~tho eddy, but it wast decided ~.to locate the ~ r a i n i m g  wall !in ~tho 
fiold~.upon, completion .of !the prototype s%ructure~ ~ 

One ;import'~ ,'feature ~was Of ~he ~,.f~sh" " . 
ladder problem, iiln:~he event s pstream~along 
the right :~bamk of ithe ~river, !it ~ms considered probable ;that ~fish 
. would i be.~attracted ~by '~the ~flow .:fr~ . i!of .~the ~ di, 

his area, 
the salmon ~ould :probab!y~ attempt to !~ump Jthe ~iversion dam iin- 
stead of proceedimg :across :the river to the~:ifish ladder on ~he 
opposite bank. Consequently , :lit was considered a'dvisable to :~u, 
stall an additional fish ~la~'der at the right,abutment ~of the ~~i- 
version dam (figure :12). ~A tunnel will bc provided through the 
dam to comnect ~h~ ~ ~Tish ladder ~i~hthe lower pools of •the :one 
installed at the leftlabutm~t (figures fill and ~12). It was con- 
sidered ~:tmnocessary ~to!install the added ~fish i~laddor and connect- 
Lug tunnel : in,the rood el. 

•15 
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FIGURE 8 

A. ORIGINAL DESIGN. 

B. RECOmmenDED DESIGN. 
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- CHAPTER IV- TESTS ~ ON STILLIWG'~P00L 
' ' ' , i i .... u 

SCOURPREVENTION AT TOE 

12o Original Design.--The original design of'the diversion 
dam dmd not inc lude a~ stilling pool 'for prev~tin~ scour at the 
toe, principally because lit was believed that the basaltic rook 
of the foundation.would resist scourimg. Experience shows, ~how- 
ever, that even the best bedrock may eventually scour, and as a 
matter of safety, a stillin~ pool should be included in a design 
of this type, .A temdemcy:for scour to occur in the model was 
noted during a discharge~ representin~ 50,000 second-fee% the 
maximum~discharge, ~In a short time ~2~e gravel in the .river bed 
was completely removed to the bottom of the model box (elevation 
I172,0) for a prototype.~/distance of about 50 feet downstream. 

13, Dentated.Bueket,-.Two designs were developed in:the 
model to r'e~uoe scouring at.the .toe of the dam: .'A dentated 
bucket and a dentated apron(figure 1S). The dentated bucket 
was: developed after.tests had.been made with various radii'and 
positions of a bucket, It was especially difficult to-obtain a 
bucket which would operate efficiently. Atmaximum discharge, 
the thickness of jet:flowing over the dam was comsiderable, and 
to prevent excessive cost the.bucket had to be placed as close: 
as possible to the-toe Of the:dam. As a direct result, it was 
difficult to deflect the thick jet upwards in a bucket of small 
radius. Because of this difficulty, the flow oscillated between 
a diviug jet, which scoured severely, and a roller, which pre- 
vented excessive scour. The bucket .shown on-figures 13B aud l~.A 
finally eliminated the oscillation in the flow, but the boiling 
above .the bucket was excessive, Dentates were cut !into the ~bucket 
to reduce .this boil, but ~this did not prove.effective (figures 
14B and C). 

RECOMMENDED DESI GN 

• W 

14. Dentated A~ro~.--The dentated bucket was abandoned in 
favor of a~dentated apron (figures ISA., and 15A), ~hi.~h.was adopt- 
ed as the recommended.design, Although this :design was more cost- 
ly, the improvement in the flow conditions warranted the added ex- 
pense, By comparing the:flow conditions of the recommended design 
(figures 15 and 16)with !the flow conditions of the dentated bucket 
(figure !4), the boilimg of the latter ldesign is apparento 
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~The: apron of~the rec~muended ~desi~gn ~was ;placed ,at i.~e el eva- 
tic~ necessary~for the ~form~tion~ of a hydraulic Jump, ~and'~aftar 
co rrect d enrages • h a d  ' be~.determined, a ~idis  charg e~ repres entir~ 
60~000 seeondufeet ~as~ run-~in the model,ifor~,twu ihours~ ~he river 
bed ~,consisting,~of ~!,I/4~inoh ~ gravel o 'The , resul~i~g scour is ,~:shown 
on~figure ~ISA. /An ~,additional ~:s oour r~.~st~s ~ade ~i~ finesau~ 
but : the scour ~,was : still, s llght at the end, of ,a ,~.two-hour, z~n -at ~: 
maximumi- dis cha rge a i 

Inthe,event ~that a flood~,of 25~000 ~ seco~feet could ~be 
pa s s ed ~ by ~ only~, one ~ re lie r ~at e, ~thi s. c omdition was ~studied . in 
the~,model. It ~was • noted ~ that ~the,i~jet ~ at~the apron~,was d@flected 
above the tailwater ~ins toad of itakim~ ~the ~form.of ~.a i~hydraulie 
.jump~ Observations.!diselesed~that~a.ground .roll-er~moved material 
upstreami~to ,+,he ~,~toe ~ Of ~ze !dam elimimati~aZ~,/dauger of ~soour~ at 
thati point. The~ river \bed ~of ,~the model ~,was ~:~s coured, ~ihoweve~, ~im- 
mediately, below !the ~ point at ~hioh.~ the~ ideflected 'i jet :i plun~ ed i' in- 
to ~e tailwater; but this scourlm~ ~J,is i far enough~downstream if rein 
the~dam~ to ~ be~of little ~coneer~ 
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. . . . . .  ;FIGURE 14 

O 

A. I~rATED ~Xr. 

B. DISCHAROE I0,000 I~CORD-F~T 
I~D i ELE~TION IE~0,6 
TAIIXATER ELE~TION I197.S 

C. DISCHARGE 50.000 SECOND-FEET 
P01~ ELEVA~I0~ 1220.6 
TAIL~tTER ELEVATION 1206.5 
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jL "  d b ~  ~ ~mm,J , 

o 
A. DENTATED APRON 

B. DISCHARGE i0,000 SECOND-FEET 
POND ELEVATICN 1220.6 
TAILWATER ELEVATICN 1197 . 3 

® 

C. DISCISiRC, E i0~000 SECOND-FK%-T LEEr GATE 
P~ ELEVATZ~N 1220.6 
TAILWAq-~R ELEVAT[ON 1197. 
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CALIBRATION OF DIVERSIONi D~J~:ANDI,ROLLER-GATE3 

*A 

Figure"if9 ~. shows • curves ~ for ~discharge .aud .;coeffiel ent. of ,"dis, 
<.cl~rg~"..versus~!ga~e~'opening,,forJfl~, ~nder,each;~r011er]gate--a . 

separate ".calibration/'for ~~ch gate; .~other*.basic~ clara"a-re al'sc 
s1~, ~ During ithis <calibratio~u, - the reservoir ~ (m0del) ~.~as main- 

i tained~ at-elevatien~ 1220o6. 

ows experimental am " 
: ~L for left *,roller gate, 
cients ;0fJdiseharge;were Obtained fr 

Q :  C d 12 ......................o....o.......... 

where Q•=~!dis charge~ peril foot. 

(The- thee retical: co off ic ient s %)of ;~ di s eharg e*~ wet e,' obtained f rein ! the 
• relations : 

:log e ~' " @ @ ~ O O o I O ( i O O I O Q O  

where • l r ~  f !  " *  rl =-*radius of~r011er ate:~7 0 )!(fi ure20*. 

h' ~'= ,:total, availab le: head. at, point: on ,water s ur~Ce 
a , bore ~gate,~through :the~vertical (figure~)20). 

d --'~head on;gate~(figure ~ 20), 

C = coefficient ofldischarge. 

// 
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~ L a S S ~ g  values of d .~in equation (2)sir I beiz~ constant, 

a~trial and error solution will.:determ~ 
of ~h ~. :Using these valu 
• efficients of discharge ~..~/~ 
derivati on of equations . (2 
memorandtcu No. 562, ;~Design~L~of R011er G~s=. uy~. :r. vu~u=. 

A :comparison of :the:experimental and theoretical dis charge 
coefficients shows the latter to be about=~eight percent greater. 
Sufficient =experimental data ~ere taken to permit its s ubstitu- 
tion:into equationi (8), the relationlfor theoretical coeffi- 
cients of :discharge. When~thisiis dene. the:coefficie=tsiob- 
rained are nearly equal to the :theoretical coeffi;cionts bBtained 
by assuming~varieus values~of ~d and h : in equations ~i(2)~and 
(8). Compare coefficient :versus :head (d)curves~ ~on figure. ~20~iOf 
"Theereti~l" and "Experimental iBased on TheoreticallY" ;::Similar- 
ly; if the experimental coefficients 0bti 
are :used =to detemine the discharge from 
sult4ng head ~versus dis charge curve, ,E~ 
I Theoretieal C" (figure 20), :agreos;noarl, 

_the theoretical curve (figure ii 20), since the%experimental ,:co- 
efficients are about eight percent ~ l ess~than~the~theoreticalo 

A closeragre~ent between purely experimental coefficients 
of dis charge amd ,= those obtained ~ free'theoretical considerations 
is ~net expected, °since~ the exp erzmen%~l :coef. ~clents are~based 
on:the usual weir relation Q=~CL~ ,/2, :The itheoretieal values 
of the discharge ceeffic iont. on, the other hand. :aro::based i:on 
principles ~ and ~: as sumpt 
' equations ': (,2) ~ and !  ( 3 ) ,  
,that when. e xp orimcntal :fdata ,are substituted i',in equation (~)~in- 
steadier, equation ~ (I), tho~: thoe1-otieal !~amd,. oxporimonta! ~coeffi- 
cionts more nearly agree. This evidently o o n f i m s  ~tho ~theo- 
retical as sumptions 0 Clos or~ agreement is p ~rti cula~ly::diffi- 
culture obtain hero, because of the small scale model and the 
small model discharges. The ei~h%-perce~t variations may ~be 
accounted for in!the errors of discharge and other experimental 
measurements. ~This is evident, since the experimental datailsub- 
stituted in :equation (S) are~independent of iany dis charge ~measure- 
ments;~, but thee experimental values!iof C i obtained from equation 
(3) agree cleselywith the .theoretical values as~has !been sho~, 
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CHAPTER__ VI- CONCLUSIONS 

SOrCeRY OF RESULTS 

16. Headworks®--From the model studies it ~w~s possible :to 
obtain asatisfactmory alinement whi oh p roduced ca ~ uniform • flow 
distribution through ~the h~dworks (figures 5D, ~SF, and :6B). 
No definite rule can '~be< stated regardi~ the ali • 
headworks at a diversion dam. In this particula 
ever, uniform flow distribution throug h the head 
obtained when the lime of openings v~s not parallel to ~the tdi- 
rection~of~.flow: in :the rivere This assumes some~,velocity~cross 
• the/face of the headworks :duo ~to ~flow passir~ ever ~tho diversion 
dam. If there is no velocity across the face of the headworks, 
then the ~hoadv~rks alinement is ~motovory important as far as 
uniform floyd, distribution ~is .,concorTlomd, 

17. Fish Lad~er.--A satisfactory fish ladder design was 
evolved!in ~he model (figure :?B| 8Band 8C; and!figures 9to 
12, inclusive).. This study~also revealed the~neoessity~of plac- 
Ing an~additional fish ladder at the right abutment of the diver- 
sion dam (figure 12). ~Itis <important to provide fish ladders 
at obstructions in a rive r which ~ salmon ~follow from .the ocean 
to their spawning grounds. Fish ladder designs should:include 
all the features listed on page l~. Where headworks structures 
are present, ..:or other outlets are:provided in the ~river, fish 
screens should be placed~to prevor~ salmon from entering those 
structures, as they migrate to the ocean. 

18. Stillins:Poql.--A dentated apron was developed adopt~ 
:ing a ~ hydraulic jump to eliminate excessive scourim~ :at all dis- 
charges (figures ISA, 1S, and 16). Good design~practice include s 
stilling/pools for prevention of scour at the toe of an overfall 
dam. Even if thebedrock of the foundation is durable i and can 
probably resist scouring, it is ~advisable~to take:necessary~pre- 

19. ~Calibration.--Neglecting the velocity of approach, the 
experimental coefficient of :discharge for free discharge over 
the diversion dam varies on ~the average °from 3~i20 i for~ a:head of 
2.25:feet, t03.80 for a!/~ad of 17.0:feet (figure 18). !The co- 
efficients are slightly d~fferent for separate and simultaneous 
crest operati on. :~/~." 
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The .. coeffiei ents, of, discharge ~ for:~'fl~v ', under the ~r011sr 
, gates varies on the ,~verage,~ from ~ 0 ~ 68 :for,,-~a' ,~ate,,~,'opening ~. of 'i~i o5 
feet, to 0,72 fora, ~ate,,openin~,~.of 
the s e ooeffiei ants ~Trom,.~the .o~ifieE 

I H was measured~from~:,the .reservoir . 
constant at. ~elevatlon.~12~.Oo6)~to ~t e> geometrioal .:~nter, of ~the ' 
gate ~.opening ~ (figure.i.18). 

roller sates, ~it ~is evident~from this~,~study that the'~,theoretical 
relations, equations ~, (2).~and ~,(5), i,page,28~ are/Justifi'ed® The 
experimental data~i.ndicate"that the ~~coeffioient • of :"dis Charge 
varies from 3 • 12 ~ifo r '. a. head on .th e gate of ',~2 ~00 ,.feet, ~.to '.~ ~48 
for a head: of -~'4085~feet" ~The~theoretieal coefficients are.about 
eight pe rcent ~reater ! (figure.. 20), 
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