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MEMORANDUM TO CHIEF DESIGNING ENGINEER: 

(J.W.Bali and J.A.Lindsey through J.E.Warnock) 

Subject: Hydraulic model studies relating to the .design Of the ,Kes~zlck Dam i ';,}.,~i, 
spillway and fish~ay - Central Valley Project. 

• ~; ,~:;~' INTRODUCTION ' , . ' i ~. 

.,1." The prototyp~.~, ~he Keswick Dam is under cons ~ruct~on -on ~he 
~acram~nto River approximately ,~ miles above Redding, :California,-and 9. 
~Liles below the Shasta Dam (figure 1). The dam is to be built in two 
stages--the initial and the ultimate. The height, of Shasta Dam will .be 
so great that it is infeasible-to construct a :fishway around it; therefore, 
the purpose of the initial development of Keswick.Dam.~II1 be to provide 
a barrier for trapping the migratory fish ,before they reach the Shasta i 

tailrace. The original design of the initial:development .consisted of a 
low barrier to elevation ~10.00 with.an overflo~ spillway, fish trap~ and "i,i:i:~,:,,,. 
stoplog section. The spillway would have been adequate for all normal 
flows, but. it would have been necessary to remove the stoplogs at flood 
stages to' handle discharge of 180.,000 second-feet. 

The final design of the initial, development consisted of .a .spillway /i/. 
crest carried to elevation 503.00, with the exception .of 20-foot wide .see- -;. 

forming four channels 40 feet ~ride .through this sectica ii~' tions at the piers, 
of the structure (figure 2) The piers will be constructed to elevation :~ 
550.00 and the adjacent 5-foot sections ~of the spill~ay to their.ultimate :~,~ 
height, elevatior'-537.00. During this stage of construction no provision ....... ~ 
for regulati:~ t~ :reservoir water surface :will .be made ar_d the four chan- :~ ~::~:~•.~ 
nels bet~reen the piers will serve as a :spillway. ~ ~ :~ 

With no obstruction in these charmels'~the fish migrating upstream ;'~:~ 
could, trader certain conditionsj pass through the spillway and continue " ~:il I 
on to Shast~ Dam where no trapping facilities are provided. ,To prevent 
this by-pressing and the necessity of constructi~ temporary traps-at , i~:! 
~hasta De~, a bar~'ier willbe erected at KeswickDam. .Trnis,obstacle will ,~ 
consist of weirs, of sufficient height to keep-the fish frcm leaping over ::J 
them, placed in the four channels of the spillway section.:~ . - 

The weirs will be hinged wooden gates which, in ~the vertical posi- .... ..~ 
tion, will span the upstream ends of the chmmels between the piers~ 'The ~: 
ends of the gates resting against the-vertical portlon~Of ~he completed • ...... 
crest sections i oI~ a :barrier approximately ~0-Teet high; The sates. ~i-ll 
be ~atched in th~ do~.nl ..(or horizontal) position in the .forebay ~util~%he '~i 
flow conditions arc .such that th~ :fish could s~im through the spillway, ~ ~i 
section to the river upstream. The gates ~lll then be unlatched, permit- ~ 
ting th~ Ikydraulic forces ~o.raise them and form the barrier. . . . j  
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ultimate stage d'~velopment~,~rll I ~be i~a.i~s~raight~gravity type " Con- . ~,~i-~ 
f~e et + high, having a i spi:ll-The ,.~ ~ !/i~i~i dam, approximately ~90 feet~long + and ~,,120 ~+ ~ 

. . . . .  :/~ ,~ way, fish~ay~ andpower plan t~as appurtenant~iat~tures ~figures.3~~d~) ~~ 
Three purposes will be served by the,.ul'timate)~,development. It'~i'~!~proT • .. '~ . ~,:.,~ ~a!f~ 
vide (i) hydroelectric power~ (2.) a.:barrier'L~wit]~~facilities for:trapping... ...... .:.~ 
migx'atory fish, and (3) regulation of the !,fluctuating discharges .from ~, ~ 
Shasta Dam. The spillway crest will ~be 'at ~elevation ~37,00 and.~four ,. " ~'~ 

~!he reservoir at elevation " ~i~i ~0- by ~O-fcot regulating gates will maintain 
~87.00. The maximum dlscharge capacity,~ill~be,250,000 second-feet.- ~,~ 
The spill~ay ~ill discharge onto!~a rock:bench excavated frmm the:~left ~'-/ 
ba~k of the river. Water flowing over the bench, and into the.old river i i i i!~i 
channel ~ill attract the fish to .the left<slde !~ of ~he stream ~and thus . <,,~ 
enable them to locate .the entrance 'to the'~Tishway. ' " , : o  ' ' ~  ~ .... ~ 

The function of the fishway is to attract ~the :fish-~grating~upstream :~.~; 
to spawn into a trap fro~ which :~theY are ,2xped_itiously removed a n d  traus- ~ 
ported by tank trucks to the holding ,or spawn!~ng ponds-at the hatche~. ~-~ 
The fishway structure will consist~of a fish ,:ladder or series i'of pools - ~/:.ii~i 

separated by 20-.by 3-foot rectangular,notche'd ~eirs, ~.h01d~ng chambers,, ~ 
~u~d ~ elevator (figur~ 5). The-~pool s -of the la~der are .l~ feet I inch ~' 
long by 38 feet ~ide by" 6 feet deep, :with ~every ~third p0oi~having ,-an ~" i ~'" 
atu,~iliary water supply from conduits discharging through .slotted ~open- ), - ... i'i"i ~ 
ings in the floor. This water supply is nec~ssary~to a~Id.an~auxi~iary , ,~  

flow at the approximate elevation of. the 'tailwater to provide .the ~proper .. . . 
velocities for attracting the fish to the downstream end~of.~.the i!l~'dde~, ~ ~,•.~!~ 
The fish moving up the fish~ay _.will Jump .from pool-:to po01, ~pass ~chrough 
a trap and enter the holdi~4chamber, pass ,through another trap ~a nd enter ~ii~! 
the brail chamber, where a sloping brail WilTbe raised to ~force t~e ;fish - 
into a large container. When ~this :container is full, it will ~.be raised ..... ~'~ 
to .the top of the dam by an elevator and the f~sh will be ~ischarged iinto . ~,i 
specially built t~cks vhich~will haul them ~ito a hatchery, . •~i!~ ~~.~!~ 

The power plant will occupythe right •side of the structure, and ~i,l! -!~:!~i 
discharge directly into the 0~d river'chann~l. .... " . ~ ~ <~.i'i 

i.~-~ Sco~e of tests. Five hydraulic models-.were~constructed,during i .... 
e coursc of the investigation. A lto,80 mOdelwas-used to study<the. ..... ,~, 

hhdrau!ie features of the initial and ultimate stage.,-dev~lopments)of i~he. . i!i~,i~i: 
bf the ultimate st.age :spi~!'ii ' i :  i dam. A 1 to 48 model represented a Sec~ion~: 

way and ~as used to study the flo~.conditions and:scour .fore-,various ' - ~~" '-i! 
spillway designs. A1 to 20 model was :,used~;to detormine:the:~°P crating .... ..~ 
characteristics and the turbulence in-the ,various pools of ~he fishway. : ~ 
A i to i0 model was constructed for~a~ctailed,study off,turbulent flow "~ 
conditions in the auxiliary outlet poo].s of ,~the fish~ay ladder.•..Amo~el ~-~:~ 
of temporary-gate was built to ascertain the probable ~impact veloci~le'S ~.~ ,~'~-i .~ 
on closure of the ,temporary. weirs erected inthe spill~ay• section. ~/' - - - / :~  

•/.iiiii 
on the 1 ~to 80model ~of the ultimate development were made ire/~ ~ 

c h a r a c ~ e r i s ~ t i c s , S t u d i  c s ~..~i~'~ 
obtain.pressures on the, spill~ay~ determine the discharg , -:~ ,i 
and study flo~; conditions encountered in the river channel ~by .the migrato~-. 
fish. The pressure tests ~ere made to ascertain the presence or absence ~ ,  

•• • • 
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of negative pressures on the spillway face. The disCharge studies were ., 
made t o  a s c e r t a i n  t h e  e f f e c t i v e n e s s  ,of t h e  ! h y d r a u l i c  Jump .;aud t h e  ~ a A s t r i -  
bution of the flow after the water left the spillway apron. Studies of 
the flow conditions in the river channel gave assurance that the migratory ~'~ 
fish would be induced to enter the fishway. Also, ~tests on this mo~el i 
indicated the need of a larger one of the spillway to enable amere de- 
tailed study of the hydraulic Jump and the scour of the river bed down- 

stream. ~i~i ~ 

A I to 48 scale model of a section of the spillway ~as constructed ,i: 
in a flume with a glass panel si~e for observing an@ ~photographimg flow 
conditions. Tests wore made on various types of ~sills/dentates, ~and aprm 
profiles to obtain a combination ~which would give the most satisfactory 
jump conditions m~d the minimum scour downstream. The economics of the 
design were also considered, as it was ~necessary for the apronto be short 
and comparatively high to avoid excessive rock excavation. 

Tests were made on the 1 to 20 scale fishway model to dctermlne the 
operating characteristics of the fish ladder, the head loss in th0 au_xili- ~ 
dry warner supply condu~t system, the flow characteristics at/high and l~w 
tailwator stages2 and .~e effectiveness of the wa~cr-supply ~affling de- ~ 
vices in the elimination of turbulence. ~The purpose of ~ those tests was to 
disc over any undcsirable features and evolve satisfactory improvements. 

Investigations m~de on the 1 to l0 scale model of a portion of the 
auxiliary water supply conduit and fish ladder were primarily directed 
toward the elimination of turbulence in the poc.].s Of the ladder to which 
auxiliary ~atcr was supplied. This was impo~.antsince obscrvatlons One_ - 
other fishway structures have shown that the flsn:~lJ-L avo!a or ucuum~ u ~  
fused where there arc boils or strong upward currents andmay ~attempt to 
swim a@~inst them. Many c~nbinatlons of baf~,~Ios in the dissipator were 

tried before a satisfactory one was evolved. 

A model of the temporary gate weir to be erected in the spillway por- 
tion of the structure was constructc~ to an indefinite scale to determine 
the probable velocity of the top of the gate when the closure Ismade. It 
was necessary to kno~ the magnitude of this velocity to design the gates 
strong enough to withstand the forces imparted by the impact of the ends 
of the gates on the crest sections. It would have boon ~noccssary to con- 
struct an elaborate model to evaluate t~$ numerous ~variables, but as it~as 
only desired to check the assumption that the terminal ~vclocity of the top 
of the ~ate was equal to the velocity of flow through the channel before 
thc gate was unlatchcd~ a rather simple model was constructod to ascertain 
the relative velocities of the gate and flow through the channel.. 

• .~.~ 

j ~•~ "S~,mmnr~ of the investigatio n~.~ The original design of the initial 
stoic-development of thc p~o~ect was tested on thc ~l to 80 scale m0~el and 
found to have inadequate flood capacity. Undesirable flow characteristics 
existed in the spillway, at the entro_nce to the fishway, and downstream 
from the powerhouse stop-log section under certain operati1~ conditions. % 

revisions which m~do the stlmoturo more closely ' ":i~! These eliminate@ igore 

rcscmblc the ultimate development. " ii~ 

~ ? 



When the ultimate stage development was tested on the ! to 80 scale .: 
model, the spillway was found inadequate as .the hydraulic Jump~as .~.ormed ... ~:i . 
over the downstream end of the :apron. ~ho recommended design, obta~.ue~ '!i!i 
from studios on the i to ~8 mod61~ proved ~satisfactory when testo~ on ii 

this model. 

Detailed studles of the spillway were conducted on a i to-48 scale 
sectional model to ascertain the mosl ~,ffcctivo and efficlcnt spill~y 
apron profile. Various typos of sills, dcntatcs, and stops wore tested 
before a satisfactory energy disslpater was evolved which consisted of a 
row of 8-foot thick streamlined steps spaced 7 fcct apart ~ith their top 
surfaccs sloped upward at ],0 to 1 from the horizontal. These ~testsalso 
demonstrated that, should retrogression of ~he ~river bed lower ,the tail- 
water elevation sufficient to cause the J~np to utilize only the do, n- 
stream portion of the apron, the condition could be corrected by adding 
a row of dentates on the 1½:1 slope at the end of the apron. . ~ 

Flow characteristics in the river~ pe1~taining to the operation of -:! 
the fishway, were studied on the 1 to 80 scale model of both the L!nit~al 
and ultimate stage developments. Unsatisfactory flow conditions on the : 
original desig~ of the initial stage were eliminated on the revised ~deslgn 
when the flow was evenly distributed over the rock bench downstream. ~The 
flow conditions in both the original ,and final designs of the ~ultimate ". 
stage were satisfactory for proper operation of the flsh~aY, except that 
the latter required a slopir~ extension to the right :spillway training 
wall and a blocl- of concrete carried to elevation ~03.00 :in the same :re- 
gion to prevent excessive flow over the bench at the entrance .to the fish ii 

ladder. 

A model was constructed to the scale ratio of i to 20 to~stud~ the 
operati~ characteristics of the flsh~ay. The tests indicated the neces- 

~ ~]~-~qv redesi~nin~ the bafflirg ~evices to elimlnate un&eslr- 
sity ..... ~- ..... ~ - ~ -~ - - ~s in 
able turbulence, uneven flow distribution, :and strong ulrgara curren • 
the poo!~ and chambers. Turbulent conditions In :the brail and:holding 
chambers were eliminated by forciog the water to follow a circuitous path 
around the walls of those chambers beferebei~g admitted to them. The 
fish ladder, which consisted of a succession of pools separated by rec- 
tangular weirs, had satisfactory flow characteristics fr~ pool to p0ol. 
The model was too small for detailed studies pertaining to turbulence so 
another mode] was constructed to a scale of I to lO to study the flow in 
one of the ladder pools to which auxiliary water was supplied from beneath 
by the auxiliary conduit system. N~merous designs were tested on this 
model before one was evolved which successfully eliminated all of the tuu-~ 
desirable ~ flow charac%eristics. Therecommended design outlet consis~e~ 
of a wide# shallow cross conduit, taperin~ upward~ with small step-llke 
baffles placed transversely on the floors to force the water upwards and 

out through the slotted openings into the pool. 

Tests on the temporary gate weir model demonstrated ~hat the top of 
the gate moved at a velocity greater than the velocit~v of the stream of 
wa~er and that it re~ched a maximum between lO and 20 degrees from the ::i 

/ . 

9 



° 

vertical. The velocity was decreased somewhat as the gat e neared ulosure, .... ~. 
due to the cushionir~ effect of the water between the pier,sections .~an~ i~ 
the ends of the gate. Further tests demonstrated ~that ~ whenth e~ta~i~w~ter 
elevation is raised, the cushionln~ effect is correspondingly greater with 
a consequent reduction in %he i~act, of the gate on the piers. The tests i' 
indicated that the factor of safety used in the design ~would iprove suffi- 
clent to prevent destruction of ~ the gates at closure. ~ i 

SPILLWAY STUDIES ~ 

"~_~Description of i to 80 model. The modeiof the initis/l~ sta~e de" 
velop~ent, including the topograp-hY E73 feet upstream 8/1d657 feet down- 
stream from the s.xis of the dsm, was ~built zo a scale of i to 80~i(~i~ures 
8 and 7). Water was supplied and regulated by ~the ~laboratory ~piping 
system; a gravel baffle ~as used to distribute the flow evenly; and the 
tailwater elevation was regulatsd by a tailgate, The spillway, piers, ~stcp 
logs, and fishway were made of r~dwood and enclosed in twometal ~rames ' 
bolted to the bottom of the model box. The powerhouse or stop-log section 
was enclosed in one frame, and the spillw~v section in the other to fac:ili - 
tate removal of one section without interfering with the other ~hen design 
changes were made. The reviseddesign of the initiil stage and the ori- 
ginal design of the ultimate stage were constructed in the same manner. 
The final design of the ultimate stage spillway was cor~truc±edby cutting 
a series of ribs to the spillway shape and covering than ~wlth shoot,natal. 
The piers, gates, retalnin~ walls, steps, ~and fishway Were made of redwoo~ 
The original design powerhouse was usual for all tests on the ultlmate~de- 

velopment. 

.... 5~~Tests on the initial-stage development, Hydraulic model tests of 
thc initial sta~e demonstrated the necd~for revisiol~ of the proposed ~de- 
sign since the stop-log section at elevation 909.00 ~ms 9 feet lower than 
the suill~ay crest'at elevation ~10.00, and consequently at low discharges 
the greater portion of the flow passed over this .section L~m.stead ~o~ th 
spillvay (figure 7A). ~e spill~y was inadequate for Zhe anticipated 
floods. These objectionable conditions were ellminatedby increasing the 
length of the spillway crest from ?l .feet ~8 inches to 190 feet and raisip~ 
the stop-log section to elevation D20.00.(figure 7B). This design proved 
satisfactory as the spillway had ~ample discharge capacity and an effective 
stillin~ pool. The discharge capacity through the structure was 152,000 
second-feet with the step legs at elevation 920.00 and 172, 000~-sec°nd-feet 
when they wer~ removed to elevation 900.00. ~ 

6. "Studies on the ! to 80 model of orig?inal design of ultimate 
development. Tests on the" ori~Ina! design of ~he ultimate development In- 
dicated that the aplllway apron should be reviced to more effective!Y 
dissipate the energy in the spiklwmy flow before it reaches the rock ~benck 
~e hydraulic Jump occurred too near the end of the apron with ~he r~sult 
that a slight reduction of the tailwater elevation would sweep it off onto 
the bench (figure 8B). As the i to 80 model was too small to effectively~ 
study the action of the spillway, the 1 to ~8" scale sectional model of 
one-half the spillway was constructed. ~i 
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A. 

FIGURE 7 

Original design - 8pill~y discharge, 25,000 second-feet; fishway 
discharge, 300 second-feet; and tailwater elevation 504.20. 

~odified design - Spillway discharge, 15,000 second-feet; fishw~y 
d~s~ ,~,na.~'~., 300 second-~', ~ ...... ; and ~ailwater elevation %98.75. 

FLOW CO}[DITI~S IN i~;ITIAL DEVELOPIV~NT 

KESWlCK DAM - 1:80 ~ODEL 



FIGURE 8 

k. Spillway discharge, 3,000 second-feet; fishway discharge, 300 second- 
feet; no powerhouse discharge; and tailwater elevation 488.00. 

B. Spillv~ay discharge, 50,000 second-feet; no fishway or powerhouse 

discharge; a,~'<~ t, aii~mate~ - elevation 515 78, 

F L O W  . . . . .  '~ . . . . . .  ~" "" - ~ . . . . .  ~ . , . , i , U . ~ ± J ~  I~, O R I : 3 T N 2 L  u E S ~ , , ,  OF  ULTIYATE D E V E L O P ~ , f E N T  

K E S W i C K  D A M  - 1 : ~ O  M O D E L  
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7. , Description to 48 model. ~The ~!i ;~?,!'~ 
portion of the center .bays of %the.~ispil~lway and.was ~placed inca ~rsc~t~gu L ,. 
flume with a glass panel to ~pro~i~e 0bserva~i0n .~and •~photography~0f, !%he / ,'.ii~'~ 
spillway action,and.downstream ~scour, 72he-m0~del ,~spillway.~was const~dtea? ~ ~i~:~i ~ i 
of  ,woo~en r ibs  ooverod with. g~van izea  iron ' i(figure ~;9.) ~":~ Sand~be@ii-e:~ght// J!~.~.: ~L~!I 
inches deep was .place~ 'in the flume ~to determine ~.the ~rel~ti~~.s0o~. 

. - . . . . .  ~ .... ~ ~~"~ ..... sha~e. Th~ tailwater ~ eleva~i0n " "i"..-~i 

was adjusted to conform ~ith-the prototype[::~by means 'of atail~a~er..~gaze '~:~\ !/~ii! 
t the downstream end-of the flume. The steps, .which yore place;d:<on}:~he ~,, 

spillway to assist ~in the energy dlssipa.~ion,>iwe ~e;,wo0d-i'~wi%~ :the exc~p-!il.;~! 
tion of one of.metal .to permlt.installationofpiezcmeter"u°nnsctions!~f°r : /~ 

pressure measurements. . . - . . ;.: 

: 8. Development :of :reccmmended.spillw~.aesign.~<:: A. s es .of ,tes~ 
was made on the l to ~ 48 :model to obtain ~the:most ~ ec onamical, sp.iJ~wa~:~.ae- 
sign which would provide ..adequate protection ::for ,the toe; of • the structure 
and the rock bench downstream.and effectively ~dlssipate "~the energy:meleas~l "-,~ 

on the spillway apron. ~ • 

In order ,to determine ,the-~relatiVe ,,safety ,,of !a proposOd ~esign,'~sweel ~ ., 
j "!3 

out tests at the .higher discharges/gore made by l~erlng-ihh e ~tailwater 
- i w~ a ron'~.;The tailwater ~i elevation until the ~ hydraulic Jump lefttho,:sP ,ll. y:~ p ' i ' .~,.~ ~,,,, . /i 

elevation was .also adjusted to .that .,elevation at ~.wh:ich":the:!i\most~sat~ sfae" "::' 
tory 3ump was formed. When ,:the "normal 
elevation, and satisfactory Jump elevo ~.~; 
charge, the efficiency of the design .~ -; 
design would be one in .which the norms :~ 
curves .coincide and ~the s~eep-out ctu~ve. ;~ii I 
A satisfactory design was considered to .... 
icave the apro~ after .a reasonable amount of:retrogression of ~the ,:ri~ver : ::!ii÷~:.~ 

The original spillway design was tested in:,thC l to 48 model ore ~&emon- ~.~:::: 
stratc its inadequacy and .to ~establ~sh a bas~ . for subse~uent-:improvememts . 
(design i, flgurcs !i and 12 A :and.,B)~. The looation~of :the Sump at: norma~ 
tailwater and the scour after :Zhe run ~were,recorde~ ~by pho~to~raphs ~d ,.~,,.~. , : ,i.!~:.~, 
were compared with subsequent-tests ion ~i.the..,,varlous .proposed 6eslgns :~.,to ' ~. ~.,!.,.i~ ~ 

establish the relative impro~ementiaccruimg :fr.~m:.~.~herevisi°na . ~.These;.-~"~:.. ' 
• f ;.. tests definitely indicated that .:~he ~original:~des~gn ~o . . . .  

. . [- • 

first revision :,%o ~-t~e de sign .cons isted ~ of ~ steps ~placed ~ online ~~i~i~ ..... ". 
apron at the pool entrance arranged ,to:break up the .d .a inoticeab~e~ 
further Upstream .~(design -2, ' figure ii). The. stePS ~:,effeote 
improvement, .but -:the hydratulic Jtimp r' W ~  _:still :t00 far, downsZ:~am ~(~ :oon:i~. ' .::ii'!.i[ / 
sidcrable energy was present when the~,flow ~:. 

The spillway.-.was then redesigned,-usin _ _ ~" '. 
-~[~:~ ~based on the deSign~at WheelerDam in the Tennessee River. The ;,ra~s<o 

the curve connecting the parabolic section of :the .crest with °the sig~.~ 
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FIGURE 12 

A. Discharge - 250,000 second-feet. 

B. Erosion of und-&ravel bed. 
DESIGN I (ORIGINAL) - 5:1 SLOPING APRON WITH DENTATED SILL 

C. Discharge - 250,000 second=feet. 

D. Erosion of sand-gravel bed. 

DESIGN g - 16:1 SLOPING APRON WITH DENTATED SILL 

COMPARISON OF FLO~ M/D EROSION 
KESWICK DA~ - 1:48 NODEL OF ULTI~f~ATE DEVELOP~ENT 



apron was increased from 60 feet to ,120 feet (prototype). The apron slope :,i',i 
was chan~ed from 9 to 1 to 16 to i, and the apron lengthened 23 :feet (de- ,i':i!~ i;,~ 

sill 12 feet high ~tas added~ similar to -~"/'.ii:~ sign 3, figure ll). A dentated 
the one used in tests on thc original design. This ~arrang0ment proved '~J 
satisfactory as the stillin~ pool had sufficient length to properly trans- :"~! 
foln~ thc kinetic energy of the Jet tc turbulent energy m~ddissipate the '~:~ 
latter on the spillway apron (figure 12-C and D). ~Thc dontated sill was ' 
moved upstream to make the apron the same length as in the original design ":i 
(d~sign &~ figure ll), but the .test demonstrated that :the apron should be 
at least as long as in deslgn 3. When this slll was replaced .with ~one .~ .i 
havin~ a trapezoidal cross~,sectio n the dissipation of energy was incom- ,~ 
plcte~ in~catiI~ the dontated slll to be the bettor ~esJ.gn~ (design ~, .J 
figure, ll). By ralsir~ the sill to el0vati,~n :497.00, ~the flow conditions 
~-cr~ improved and scour practically eliminated (design 6, figure~,ll~). ;! 
Flow conditions wore not adverse when the dentatca sill was replaced with 
a smooth sill, but the scour was excessive (design 7, figure ll). The 
crest was raised to elevation ~i~O.00, and the rockbench dm~stream .to 
elevation 500.00 (design 8, figure ll). Flow conditions ~¢ore satisfactory I 
ccnd there was very little scour ~(figtu'e 15 A and B). i .! 

Impact of the Jot on the &entates m~ght lead to excessive maintenance i 
Investigations ~ero made of the ii~ costs on this t~q~e of sill; consequently, 

effectlvcness of apron steps placed near the pc01 entrance. The purpose i 
of these steps was to introduce tttrbulent eddies~ thereby increasing the ,!~i~, 

,] energy dissioation an~ dccrcasir~ the length of apron reqt~,red. ::Stops ~, ~"~ 
were tested ~ith too surfaces horizontal, inclined l0 degrees upward, in- 
c!incd 5 degrees upward, inclined i0 ~degrees downward~ inclined ~ degrees i 
downward, inclined l0 degrees upvard~with :a 1 tel slope on the downstream i~:~ 
face~ inclined l0 ,degrees upward wi~h a 1/2 to ~l slope on the do~u~stream '!~ 
fac~0~ and. inclined l0 degrees upwa~'d, with a vertical dm~nstream face:~ and 
~ith the top edges streamlined (designs 9 to 16~ inclusive, figure Ii).. :~ 
This series of tests demonstrated that the step with the lO-degree ~Upward 
slope produced the most desirable results because of the more rapid @is- 
sipation of energy (figures 13 to 17, inclusive). The steps which .were 
inclined do~ward wore ineffective, since the scm~r after max~imum discharge 
was almost as Great as ~zithout steps. Those with sloping dovnstream faces, ;~~i 
b ........... f the streaml~nin~ effect, prevented the formation of eddies 
~c~d-~at~,].y do~unstream~ consequently dissipating less energy and ~Increasirg ~:!!~ 
the scour downstrc~u from the apron. Pressure tests rcvealcd;subatmosphe~ 
ic pressures on the edges of the steps. By rounding and consequently 
streamlining those edges, the pressures were made atmospheric or greater 
(figure 18). A paint test was made to delineate ~the s.tre~m.Tlnes on the 
steps (figure 19). Thc tcst was made by coating the steps ~ri.th a thick 
white lead paint, bringing the discharge up to the maximum~as :quickly as 
possible~ and after a fc~ m~nents of flow, cutting off the .flow as rapidly 

as possible. 

Up to this point in the tests, a movable bed of gravel had been used ,' 

downstream frc~ the spillways. Inasmuch as the bench dc~T~tream frc~ the 
spillway apron is to be solid rock in the prototype, an investigation of~ ~. 
the difference in effect, betweet,- a movable bed and a rock bench in ,,the 



FIGURE 13 

A. Discharge - ~,~ second-feet. 

B, Iroolam, of  em~i,-Er~vel b e d .  

DESIGN 8 - DENTATED S I L L  AT END OF A P R ~  

C. Discharge - 250,000 second-feet. 

D. Erosion of sand-~ravel bed, ~ 
JRM 

DESIGN 9 - TRAPEZOIDAL SILL ARD STEPS WITH T(P 8~RFACZS HORIZONTAL l 

COMPARISON OF FLOW AND EROSION IiW 

J 
KESWICK DAM - 1:%8 MCDEL OF ULTIMATE DEVELOPMENT ...... 
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Discharge - ZbU,UOO second-feet. A. 

B. Erosion of sa~ud-gravel bed. 

DESIGN i0 - TRAPEZOIDAL SILL AND STEPS WITH 10-DEGREE UP~RD SLOPE 
ON TOP SURFACES 

C. Discharge - 250,000 second-feet. 

D. Erosion of ~Lnd-~ravel bed. 
DESI~ II - TRAP~ZOI~%L SlqhL AND 5 ~  WYTH 5~(~mZ UP~%RD 

SLOPE ON T0~ sURFACES 

C~ARISON OF FLOW AND EROSIaN 
DAM- !z48 MODEL OF LTIMATE D~"Z~LOPMENT 



FIGURE 15 

, /  

A° l ~ , = o ] ~ z ' ~ -  2 6 0 , 0 0 0  s e e . ~ L - l ' ~ e ' t ; .  

i!' 

DESIGN 12 - TRA~OX]IEL SILL JLWD STEPS 1N~TH 1 0 . = ~  DO~q~LRD 
SLOFE C~ T ( P  SURFACES 

/ i'/ / t 
• ,, f /  ' 

/ / / 
~ ,i! / m 

C.  I ~ s o h ~ e  - 250~000 ~ ~ ,  

~ , -  

D® E r o s ~  of' s a n d ~ r a v e l  bed.  

DESIGN 13 - .~:JL1Pi~O~DtLL SILL AND 8 T ~ S  ~ T H  5.-I~G~E DORR~%RD 
SLC?E C~ TOP SURFA&'B8 

C~fPARISC~ CF FL01V A~D S208ICN 
1 ~ -  1s48 I l e a L  OF U L T I ~ g Z W  



FIGURE 16 

A. Discharge - 250,000 second-feet. 

B. Erosion oH sLn~-g~l ~d. 

DESIGN 14 - TRAPEZOIDAL SILL AND STEPS WITH 1 :i SLOPE ON 
DOWNSTREAM SIDE 

C. Discharge - 250,000 seccmd-feet. 

D. Erosicm of ssnd-gr&vel bed, 

DESIGN 15 - TRAPEZOIDAL SILL AND STEPS WITH ½:1 SLOPE ON 
D O~TSTREAM SIDE 

COMPARISON OF FLOW AND EROSION 
KESWICK DAM- 1:48 MODEL OF ULTIMATE DEVELOPMENT 



PXm ~? 

A. X)~sebn~'p - ~0,000 ueenA-feot. 

Co 8 ~ 1 . - ~ 5 ~ e l  ~ d  s ~ a b i l i s e d  ~ t ~ h  oo~o~e~,oe 

D. D i s o h ~  - 250,000 s e o o n ~ - f e ~ t .  

DESIGN 16 - T~-PEZOI DAL SILL AND S ~  STEPS ON APRON 

EFFECT C~ STABLE RIVER ~D C~ STILLING POOL ACTION 
K~'WICK DAM - 1~48 MODEL OF ULTI~TE DEVELOPM~HT 
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A. Plan view~ 

B. Oblique view, 

FLOW LINES ON APRON STEPS AFTER DISCHA~ ~ 50,000 SECOND-FEET 

KESWICK DA~!- 1:48 MODEL OF ULTIMATE DEVELOPMENT 
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model was made. A layer of concrete was placed to elevation 500..00 to • 
replace the movable bed. When the model was tested, the hydraulic Jump S~ 
was considerably worse than with the movable beds. It was necessary to ~i:~ ~i 
raise the tailwator elevation from one to two feet (prototype) above the !ii 
normal level before the jump became satisfactory. A reduction in the tail- :':i~ 
wc.tor elevation of 3~2 feet below the normal level was nocossar to sweep 
it from the apron at the maximum discharge of 2~0~000 ~i second-feet. This 

test showed that the sand-gravel bench had considerable effect upon the 
Jump characteristics. Its efficiency was improved by the increased fric- 
tion Lind by the roller which was formed in the buckot-.like pocket scoured 
dowr:strcam from the sill during high dischargcs. 

Whcn the smooth trapezoidal sill was replaced with a dcntated sill, 
the Jump characteristics wore greatly improved. The satisfactory Jump 
curve coincided with the normal tailwater curve and the Jump could not be 
swept from the apron except with .the tailwater elevation l0 feet below 
normal for the m~ximum discharge of 290,000 second-feet. It was founl 
that if the bench were excavated to elevation 503.00 instcad of to ele- 
vation 500.00 as originally planncd~ the tailgater would rise sufficiently 
+~o give adequate dissipation of the turbulent energY3 thus eliminating 
the necessity for the dcntated sill. In addition, it was noted on subse-" ..... 
qucnt tests on the 1 to 80 mod¢.l that the tailwater elevatlon was appre- 
ciably higher on the bench downstream ~from the spillway than in the old 
river channel, !ndicatin~ that the tests on the 1 to 48 sectional model 
were conservative. The dentatcd sill could be added in the future if the 
bench should credo a?.~d the 3ump tended to swoop from ~ho spillway apron 

(design 17, figure ll). 

9. Tests of the r,zcnmmcnded design on the 1 to 80 model. After de- 
termining an acceptable spillway profile on the 1 to ~8 sectional mo~el, 
it was incorporated in the 1 to 80 model to ~study its action in conjunc- 
tion with the other hydraulic fcatures of the dam. The spillway operat~ • 
s~.tisfactorily undcr all conditions of flow expcctcd on the prototype 
(figures 20 and 21). Thc hydraulic Jump could notbe swept from the 
apron at maximum disch~xgc by lowering the tailwater elcva~ion in the 
river channel. The rock bench was sufficiently high to prevent the tail- 
watcr falling below the sweep-out ~elcv~tion. Pressure tcsts were made on 
the spillway section ~_long the center of the second bay to the left of 
the powerhouse. Thc pressures were satisfactory, that is~ greater ~than 

~ ~ . I dischar cs (figure 22). The crest was calibrated by atmos her~c, for al g _ ' , ̂. ^~ ...... ~ ~ 
cas~ the head over it for various discharges ~1igure ~. "Anc p~v~v- m" .~E 

type, however, should give slightly higher discharges re_ the same "heads 
as thc friction factor ~s not to scale, bcing relatively greater for the 

model. 

The downstream end of the piers wore streamlined to eliminate fins 
forming downstream on the original design (figure 24). Other ~ests macle 
will be described subsequently under fishway studies. 

r, 
t 



FIGURE 20 

A. 8pilllay disoharg~, 25,000 second-feet; fishway discharge, 300 second- 
feet! no powerhouse discharge; and tailwater elevation 504.20. 

B. Spill~ay discharge, 50,000 second-feet; fls~m~ F ~Isoh~rge, 300 
second-feet; no powerhouse discharge; and ~il~r election 
5 1 3 . 6 0 .  

FLOW CONDITIONS IN RECOMMENDED DESIGN OF S P I L L ~ Y  
KESWICK DA~ - 1 : 8 0  MODEL OF ULTIMATE DEVELOPMENT 



FX6UI~ 21 

A. Spillway discharge, i00,000 second-feet; no fishway or powerhouse 
discharge; and tailw~ter elevation 524.20. 

B. Spillway discharge, 250,000 second-feet; no fishway or powerhouse 
discharge; and tailwater elevation 541.00. 

FLOW CONDITIONS IN RECOMMENDED DESIGN OF SPILLWAY 

[CK DAM- 1:80 MODEL 
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FIGURE 24 

A. Fin downstream from original design of spillway piers. 

B. Elimination of fin by streamlining of piers. 

FLOW CONDITIO}~S IN STILLING POOL SHOWING EFFECT OF STREAMLINING SPILLWAY 
PIERS 

]JAM- 1:80 MODEL OF 
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FISHWAY .STUDIES li 
• . .  - 

i0 Fishwa~ studlos on the 1 to 80 model, iTho ,fldw .condition's ~tO :~:~ 
be .encountered in the stream adjacent to the I ish~in ~e origl.na!. ~e.~ ~ .-.. /.: ~:)~ 
sign of ~the initial sta~o, were.studied in :the i to ~180 ~mo~ol..and found .~e " .,~' ~::i.i., 
,be unsatisfactory. The concentration of flow fromthe spiilway ~sectlon '~"' " '. 
produced eddies and-undesirable currents at the flsh~ay entrance !(.flgure. : .... ~<~!"!i.: 
7A). These conditions wore eliminated :by altering the design to resemble :~. 
more closely the ~ultimate .stage. In this ,:design the flow. of water over ~'"~: 
the bcnch produced condltions that should enable the fish to locate %he .i~ilili~!!! 
fishway entrance without .difficulty ~'(figure" 7B). ,.~: '~?~1 

s rods ably ~'~ Though th iginal design of the ultlm~te..stage .wa on 
fishway Operation i(figure 8A ° or ~)., .by cto y from the standpoint of s at is fa r - . - ~ 

di-aulic conditions dictated the .changes in spillway design pre~iously 
described. When the revised spillway design .was included in :,the i to 80 . <~ 
scale model, flow conditions were satisfactory for the fish~ay '(figure. 29')J ~ 

Operation of the powerhouse did not appoar~:toi~hav o .an adverse .e~ect ~ .i.~ 
upon the flow conditions at the entrance to the fishway la~der. A sloping .... 
extension to the right spillway training wall and a .block .of concrete ,i~:i 
carrie~ to elevation 903.00, where the ~beneh was too low, was instsll~d .~ 
to prevent excessive flow over the bench into the rlvor ~hannel,downstream ~,~i!~i:i 
from the fishway (figure 4). Since the ito 80'mo~Ol~as too. small for a ~ .j~. 
detailed study of the fishway operation, a i to 20 ..scale' model.was con- ~'- 

structed. ~.~ <-. i .i i::! 

Provision-has •been .made for a flow of-.,.approximatoly 1320 second-.feet... 
of water through the fish .ladder, 1of which 3.00<..second-foe% :~.%~li.be Intro'- .... ~ 
duced into the holding pool at :the head of th0 ia~dor to ~m~ntaln a ~i~epth ":::~" 
of 12 inches over the weirs. The remaining 220 second-feet will :be in- 
troduced farther do~m the ladder near the ~tailwatar surface to provide .~ 
sufficicnt velocity with little turbulence to attract the imigratiP4~ fish 
into the ladder. It was for the latter ipurposc that ~provision was made 
~or the additional w~tcr supply in every third pool of .,the ladder. The i 
actual distribution of the 220 second-feet will depend~upon field cxperi -~.: 
cncc after the structurc haz beenplaced'in operation, but for purposes !iil 
of these tests, it was assumed that it.~ill bc introduced through one pool . .:/i 
of the ladder--an extreme condition. " . . . . . .  -: 

L ...... 

ll~ Description of the i to 20 model. The i to 20 scale "fishway ~ 
model ~as constructed, ~ploying sheet ~metal for the 'head bo w condui~ .,?!~ 
and gates. The remalndor of the m0dO1 was wood (figures .26 and 27).. Slii~ 
gates wore used to control the flow through the fishway, except in the ~.. 
head box, where rubber corks we.re used. 

led~"~-o~'e %hJ'holding~poo~l and the weir at the 'ho21ing pool~as :calibratoA 
by comparison with "the flow ~through a :V-notch weir. When one or more .of ~ 
the alo~iliary water supplies to .the ladder was usod~ tho~ i.~0talt + discharge +.~ !ii!!! i. 

kl 



F I G ~  25 

A. Spillway discharge, 3e000 second-feet; fishway discharge, 300 second- 
feet; no powerhouse discharge; and tailwater elevation 488.00. 

B. Spillway discharge, 18,000 second-feet~ fishway ciscnarge, our 
second-feet; no powerhouse discharge; and tailwater elevation 

498.75e 
FLOW CONDITIONS IN RIVER CHANNEL WITH RECOM~ED DESIGN OF SPILL~Y 

KESWICK DAM - 1:80 ~ODEL OF ~TIMATE DEVELOPMENT 
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FIGURE 27 

A..Partial assembly of model showing metal conduits, auxiliary outlets 
aontrol gates. 

B. Completed model - Discharge, 300 second-feet; and tatlwater 
elevation 497.00. 

ORIGINAL DESIGN OF FISHWAY STRUCTURE 

SWICK DAM - 1:20 ~ODEL OF FISHWAY 



FIGUR~ 28 

A. Action with flow of 120 second-fset tkm'ough pools of ladder. 

B. Action with flow of 120 second-feet through pools of ladder and 180 
second-feet from a,%xiliary outlet in floor of pool in foreground. 

FLJ,~ CONDITIONS IN ORIGINAL DESIGN OF FISHWAY LADDER 

~CK DAM - 1:20 ~ODEL OF FI 
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was first established by closing all the gates except those in the hrall 
and holdlzg chambers ~ud measurir~ the discharge over the holding~pool 
weir. The gage was then adjusted to the reading correspondingto the dis- 
charge throt~h thc brall andholding chambers, an~ the proper discharge 
through the auxiliary water supply was then obtained by opening the con- 
duit gate until the gage poi~ touched the surface of the waterin the 
holding pool. The tailvater elevation was varied bY raisin~ and loworlng 
thc tall gate. Currents in the pools were tracedby addizg a Tow drops 
of potassium-permanganate solution tothc water. 

13. 0perating charactcrlstics of the ladder. F!~n~chsa~acteristics 
from pool to pool down the ladder were considered satisfactory for the 
proper operation of the flshway (figurc 28). The testsdemonstrated that 
~ ladder slope of 1 to 12 gavc flow conditions ~'hich would induce thc fish 
~o climb the ladder. The velocities werc also sufficientlylow to obTiate 
the danger of possible injury to the fish if forced agail~tthe side of 
the fishway by the currents. Thls factor was one of the most~ortant 
design considerations to be checked by the model study, for all cuts, 
bz~Iscs, and similar injurics to salmon will not heal in fresh water. "i~e 
pl~ of admitting additional water frombclow into cvc~j thlrdpoolby 
means of the auxiliary water supply system to maintain the proper velocity 
in the fishway entrance seemed quite satisfactorywiththeexception of 
minor modifications to bc described subsequently. Whcnthe tailwator ele- 
vation rises, the upstream auxiliary conduits will be opened to introduce 
the auxiliary flow at the approximate tailwator surface. ~Is may be done 
by closin~ the downstrcmm outlets, orpartially closing thcm whcn the up- 
stream outlets arc opcncd. 

14. Head losses in the conduit sTstcm. The head box on the original 
designates quite effective in reduci1~ the head on the auxiliary water 
supply conduit system. A slide gate on thc ~nt~kc conduit proved equally 
cffcctiv,~ on the final design. Tests made on the original design of the 
fishway gave head losses between the head box and the do~matream endof 
the conduit system averaging about seven foot (prototype). It shouldbe 
bo~e in mind, however, that the head loss in the prototype structure 
might be somewhat different because of viscous effects ani difference in 

gate construction. 

~l watcr supply outlets in the flshway wcrcamplc to carry the maxi- 
mum discharge, both in the original c~d final designs. 

15. Turbulence studies on the original design. Hydraulic studies on 
the 1 to 20 scale fish~,-ay model showed conclusively that the baffling de- 
vices in the original design failed to distribute evenly the flow into the 
various chambers ~md pools, and also failed to prevent the formation of 
turbulent currents. Those ttu'bulcnt currents are very m~dcslrablo in a 
fishway as Past experience has shown that the fish will avoid~thom. 

16. Brail and hoist chambers. In the original design the water was 
admitte~ through the walls of the brail and hoist chambers by devices con- 
sisting of an cxp~dirg scction of condult shaped like a flat frustrum of 
a pyramid with vertical baffles to break up the velocity s_ud distribute 



m 

the flow (figure 26). Th~ tests showed that the arrangement of the bar- .!!!I 
flos should be changed to equalize the flow ~Tc~ the openings since the .~ 
two center ports caITio~ most of the flow, while that through the outer 'iil 
two was negligible. This unequal flow produo~od undesirable turbulence ~ 
and strong upward currents in those pools at the higher discharges. 

17. ~Ho!ding pool. The conduit, openings on the floor of the holding 
pool@~r6 covered by horizontal rcctoj~lar baffles one foot longer and 
one foot wider than the openings and set 18 inches (prototype) above the 
floor (figure ~6). This type o~" baffle did not prove effective as most ~i 
of the flow came out at the downstream end of the cross conduit,' produc- '~ 
ins undesirable turbulence and ~cqual distribution of fl~¢. i 

18. ~Auxiliar~ conduit outlets. Every third pool in the ladder w~.s 
provided with a supplementary" water supply from'ithe auxiliary cross con- ~'! 
duits, wllich opened into the floor of the pool in two places. Baffles :i 
similar to those in the holding pool were provided to eliminate turbulence. "i)' 
The tests indicated that these openings should be redes~_gned for when ~he --~ 
gate of the cross conduit was partially closed, the high velocity Jet 
flo~Ing p~st the first opening drew water from th~ pool into the conduit, .. 
and most of the flow was ~ischargod through the far side of the seoQnd':i ~i! 
opcnizg, producing a very pronounced turbulent boil on the left si~e of 
the pool (figure 28B). When the gate was open 100 percent, the flow con- ~! 
ditions wore somewhat bettor, but the flow from the second opc~.ing was -~ 
still disproportionatcl~ large. .,~ 

19. i Revised design of holdin~ pools and hoist chamber. The conduit ! 
-, ~J , systcm~-~d baffling devices were completely red~si~nod aftur the stu~Lies "i~ 

on the original design indicated that ~unde~irable flow conditions ~e:re ~ 
present at ~ the conduit outlets. The upper portion of thc l to 20 model ~-~.!~ 
was rebuilt to study the revised holding-pool design. Therevlsed design :~!! 
eliminated the head box used previously and the water vas admitted dir, 
early from the forebcy by a conduit controlled by a slide gate. In the ...~ 
ultimate prototype st~c~ure a large portion of the flshw~y w~ter supply ,,~~:i~~' 
will be drawn from the tailwater t h r o u g h  a Jet pump operated by a high- ~..~"~.~,~ 
pressure discharge frc~ the reservoir. In this design the supply water :..,:.,:~,,.~ 
to the conduit side of the model fishway, holding brail, and hoist chain ..... 
bets, was oompolle~ to pass from th~ conduit side across the upstro~,~ end ~!ii i 
of the fishway to the oppositc side, thence do~u~s%ream to a cross conduit ~: 
under the chamber floor and .~a k to the conduit side, whcre it entered: the 
c.h~bers through four supply portals. As a result there ~s a noticeable :~ 

inequality of flow from the supply portals. This condition was romediea ~ )~ 
by rc~ovin~ thc bulkhca~ at the upstream end of the conduit sldc, thin, by 
appreciably shortening the flow path to the suPPlY portals and improving /~.i!.il I 
the approach to them. ~:~ i  

y.:, 

The i to 20 sco~o model proved inadequate to study turbulence at the .-:. 
- auxiliary cross-conduit outlcts; consequently, a larger model of this :~ 

feature was constructed to a scale ratio of I to i0. i~,!~i! 

39 ~ 



20 ,Description of :i !to .,!0 model. The 1 to lO model consisted :of .I 
one lad&e~ pool'oa~d its L auxiliary ,.~at0r 'supply .'system (.figuz~,29). 'i~ne 
model was arranged so that the :ladder flow could be :supplied over the up- :'i'!..,. 

i strc~qm weir.. It was constructed mainly ~of ,sheet metal, With the exception .y~_ 
of the baffles and tailwator gate which ~were redwood. 

...... i 
" 2!.. Tests 'le~di~ to recommendeddesign:of outlets. A revised de- i 

sign Of the auxiliary croSs-conduit out~Ots ,which .was inc orpor~tsd in ,the J/ I 
i to I0 model (design 2, figure 30) differed quite,radlca&ly from the -~ 
original design. The cross conduit was the same :w.id:th as the pool ,at ~he ~,~.~ 
gatc, then tapered upward and inward to the opposite ~sidc of the pool. ii',"! 
The intcndcd pul-posc ~as to force the water in equal amounts through 
slotted opcni1~s in the floor. 'Tests made on tho l~to 10,model with .the 
maximum discharge of 220 second,feet, and the ~minimum discharge -of'll0 
second-feet (prototype) showed that thc flow was not uniformly distributed 
and surface boils wore present (figure 31A). S~o improvcmontwas noted 
when the spacing of the cross-beams was alterod to change the openings ' i I  
from approximately equal areas to openings where .the o~eas-were reduced. -'~ 
progressively until the area of the final opening was about one-fifteenth ~:. 
thu arua of the fourth opening (deSign 3, figure 30),, This reductlonln 
area was nccessa_~y as the water had a tendency to flow :directly to the 
end of the conduit ~ud out of the openings. A curved plate .placed in:the : "~i 
main ~ondu~ t imnrovod the flow distribution, eliminating thoihoil n~ar 
the gate. The change in the spacing and size ofthe openings remove~ the " !i 
boil at the 10ft side of the pool. Sc~c turbulence pcrsisted (.figure 31B') i 
thus this design wus not wholly satisfactory. .The main ..supply .conduit 
was revised both in size and in location (design ~, figure 30~). Oaths ,! 
model, the main,conduit was carried'beyond .the 6ato,:t6 :r0present the con- 'S~ 
ditions present l when water was flowing to another auxiliary ,outlet. deem- r." 

stream. An overflow.to~k was also added to assimilate conditions present, .,i; 
when water was flowing into the pool fr~n the upstream .weir. Numerous .~;:~:~'" 
minor revisions wore made but no appreciable improvement in the flow con- ':,i::i' 
ditions was noted, in~icating the necessity of a'major revision. : 

22. :IRecommended design of outlets. The model was revised ~by re- 
ducingthe size of the gate from' ll~ by 4 feet to lO'.by '2~ feet; the in- 
ward taper :of the cross conduit was ellminat~d, that :is~ ~ constant ..width ::~'ii!~. 
~as used across the width of .the pool; the upward taper ,wa's re~ained; and 
2-inch steps were placed every four feet (prototype)on the bottom o f  the ~'~-~?:,< 
cross conduit (design 5, figure 30). These steps ,markedly improved-the ~!~! 
flow conditions in the chamber by decreasing the-tendency of the water .to f: 
be concentrated at the end of.the conduit. The operating characteristics..:~-~. 
wore improved to such an extent that there w~s no pronounced .boiling or.:. 
turbulence~ even at the maxim'zn discharge of 220 second-feet (flgur, 39~,).e, ..... i~i:, 
A metal grill was built to approx'~Lmate the addd~ionc~ baffllng effeot ci,. ~ '!.:k~J-: 
the grati~ which prevents the fish from entering the conduits. This/.~. . :!i :I 
further improved the flow conditions (figure 33). ~ ; 

23. ~ Description. of tcm~orar~ ,gate weir. .- :~ 

To prevent the fish by-passing Keswick Dam and continuing to Shast~ ~:: 
Dam where no trapping facilities wera provided~ it was necess~crY to .erect ,F~ ' 

:~;~. ~,o 

. ,., 
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FIGURE 31 

A. Design 2, figure 30. 

B. Design 3, figure 30. 

FLOW CONDITIONS WITH DISCHARGE ~ 220 SECOND-FEET THROUGH AUXILIARY 
SUPPLY OUTLET 

KESWICK DA~ - l:lO MODEL OF FISHT~Y AUXILIARY SUPPLY 



FIGURE 32 

A. Design 4, figure 30. 

B. Design 5 (recommended design), figure 30. 

FLOW CONDITIONS WITH DISCHARGE GF 220 8ECOND-FEET 
THROUGH AUXILIARY SUPPLY OUTLET 

KESWICK DAM- 1 :lO MODEL OF FISHWAY AUXILIARY SUPPLY 



FIGURE 33 

A. Flow throu~ auxiliary supply only - llO second-feet. 

Bo Flow through auxiliary supply only -220 second-feet. 

FLOW CONDITIONS WITH RECO~NENDED DESIGN OF AUXILIARY 
SUPPLY AND GRATING IN PLACE 
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a barrier in the spill~ay section of the initlal,~evelopment. The/@es%gn 
consisted of hir~d wood gates spann!r~ the ,upstream,ends of the ~channels 
between the piers. It was planned to keep the gates latched in a ,horizon- .~ 
tal position except during times when the flow conditions ~ere ifavorable 
for the fish to navigate the channels during their:migratlon upstream. ~i 
The gates would then be unlatched~ allowing the buoyancy and .dynamic ,'~ ~ 
forces to raise them into place, :forming weirs ten feet high+'across~,the ,4; :~++~ 

char~els. This method of placing the.gates in the vertical position made 
~_thstand the i~paot Imp~ted• ~by contact ~th +the .~, /ii~"~!~ it essential that they 

piers at closure. Since the magnitude of the Impact ~depended.on 'the'~ve - 
locity with which the gate came in contract with the ~pier sections, it :was +!i 
considered advisable to investigate the +probable velocities at time of 
• contact. For these studies a gate weir was constructed disregarding scale, blii I 
It consisted of a 20- by 12-1nch wooden gate placed in'a flume 2 feet wide 
~ith a resistance wire and contacts at one end to determine the angular 
velocity by osci!losraph records (figure 54). The ,oscillograph was cali- 
brated for positions of+the gate at 0, i03 20, and 30 degrees from +the '+ ~ 
vertical; this calibratlon3 together with the 60-cycle ~iming curve/on " ~IL  ~ + 

the oscillograph record, enabl~ determination ,of the time elapsed in +the + , :+ +:,+ 
movement of t1~o gate from one position to anothe1% The angular velocity ~ 
of the gate in degrees per second was obtained and the velocity of the +,: 

top edge of the gate computed. The effect of the velocity of the water ' " ;  

through the channel was obtained by varying the tailwater elevation. 

24. Results of tempora~y+gate-~¢eir studies. Preliminary ~vlsual ~,~ 
studies indicated that the impact forces were of great magnitude. When .... '+ 
the gate was unlatched it would rlse slo~¢ly duc to buoyancy until~dynsmic 
forces of the water began to affect it, whereupon its velocity increased : ,i~j 

rapidly and the gate reached the vertical position with isuch rapidity as 
to produce impact accompanied by excessive vibration of the entire model.. +,,.::• ~! 

W h e n  the oscillograph apparatus ~s inst~lled to mo~sure the ~velo~i ~ - ~:)-"+!i. 

ties of the upper edge of the gate it was found to be moving faster ~than , 
thc ~ater flo~ting through the section previous to its release, The~gate + 

attained its maximum velocity at a point +between 'I0 ~ ~ d ' , 2 0  degrees ~f~om -+ 

the vertical, and t2qe velocity decreased ~as the gate approached the vor- 
tical position, apparently due to the cushioning effect of the water being 
forced from between the vortical face of the pier sections and the ~nds of 

t h e  gate. - . 

 +or i 
side elevation, were placed on the downstream si~e-of the.gate ~Just insiae 
the channel walls. It was believed that a ~ash-pot action ~ould take 
place between the end portions o ' f '  thc gate andthe vertical faces of ,the + " "  ~: 

pier sections when the gate approached the vertical position, ~theroby 
cushioning the impact force. Although the studies ~wero visual only, :the 
design gave encouraging results as a definite decrease ,in 'the impact was 
noted. He, ever, as the gate design had alrcad~ been established and was 
considered adequate to ~ithstand t h e  probable forces towhich it ~ould : b e  

subJc~tc~, further testing ~as not deemed necessary. . 

45 
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ANALYSIS OF ~ T S  

2~. Concluslons. The spill~y studios developed a ~osign .~ which would ~ i 
adequately protect the too of the structure. The steps ~cvelopod for the .... 
spill~y will assist in the effective dissipation of energy on the spl]1- 
way apron almost as well as a ~entated sill with much less ~dnnger of beimg 
destroyed by cavitation oz abrasion, Discharge character istlcs of the 
recmmmended design of the ultimate ~ stage wore ~s~tlsfactory for all antici- 
pated flows. 

Thc rock bench st the downstream end of the spillway section estab- 
lished flow conditions which would tend to attract the fish to the right 
side of the channel and thus enable them to locate the entrance to the 
fishway ladder. The recommended fishway design~should be roas0nably free 
of turbulence and consequently should ~e morel efficient than the design 
originally proposed. The auxiliary supply system will enable the a&dltlon 
of a supplemental fl~ at the same elevation as the tailwater. 

Thc temporary gate weir on the prototype will probablyhave a veloe- 
Itva~ its top edge greater than the initial velocity of the ~atc'r passing 
~hrough the channel, but due to the relatively greater mass Of the proto- 
type gate the velocity differential is expected to be less than that given 
by the model tests. The factor of safety used~ in the gate design seemed ~ 
ample to assure against the destruction of the g~te by Impact ~on closure, ~ 

26. Recommenlatlons. On the basis of the hydraulic model ~studios 
conductei on" vaz'ious ~f~catures of the Kcswick ~Dam spillw~y and fishw~y it 
is recommended that: 

(a) The step-log section of the initial sta~o~be cerried to 
elevation ~20.00 to prevent overtopping the structure d?~vlr~ 
large floods. 

(b) The spillway section of the initial stage bc constructed 
to include as mar~y~foatures as feasible of the ultimate ~stage. 

(c) The spill~ay apron profile be construoted~as determined 
from the model tests (design 16, figure ii).. 

(d) The rock bench downstream from the spillway be excavate~ 
to elevation ~03.00 instead of elevation 497.00 as originally 
planned. 

(c) Streamlined steps with top surface slopes of lO degrees 
upward from the horizontal be placed on the spillway apron. 

(f) A slopir~ extension to the right spillway training 
wall bc constructed to prevent a concentrated flow s~illing 
off the bench at the fishway ~ntrance. 
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