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finslidesign were. ‘preparcd undar ‘the | iirection ‘of Se Lox Eng ;

- Tabor. Migratory-ﬁah-cdn‘hr ' n
£46n .of Senior Engineer D.:C. \McConaﬁgh:y‘, i th Agua

".Holmes, in charge, ‘Hydraulic :Section, U. Ba Bureau_l T
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Dcnver 0010rado April 28 19h3

MEMORANDUM TO CHIEF DESIGNING ENGINEER ‘
(T.W.Ball and J.A,Lindsey through J.E. Warnock)

Subject: Hydraulic model studiea relating to the deaign of the Keawick Dam
spillway and fishway - Central Valley ProJect

;?j INTRODUCTION T

R T ’
l The prototypéf}fThe Keawick Dam ‘is under consuructlon on- the
Stcremento River approXimetely -l miles abave Reddlng, ‘Californie, ‘and -9
miles below the Shasta Dem (figure 1).  The dam is -to be built in two
steges--the initial and the ultimste.. The height - ‘of ‘Shasta Dam will be
go great that it is infeasible to construct a :Fighway around 1t; therefore,
the purpose of the initial development of Keswlck Dam’ will'be to provide
a barrier for trapping the migratory fish ‘before they reach the Shasta
tailrace. The originel design of the dnitial. &evelopment consisted of -a
low barrier to elevation 510.00 with-an overflow spiliwvey, fish trap," and
stoplog section. The ap¢llway would have ‘been adequate for all normal-
flows, but it would have been necessary- to ‘remove the atoplogs at flood
stages tc'handle discharge of 180 000 secord—feet

4,‘\ ‘.:1 ‘;; .

The final desxgn of the in1t¢al development con81BuEd ‘of a spillway
crest carried to elevetion 503, 00, ‘with the exoeptlon of .20~ foot ‘wide isec-
tions at the piers, forming four channela 40 feet wide through this sectim
of the structure (flgure 2). . The piers will be constructed to elevation
550.00 and the adjacent 5—foot sections .of the splllway to their ultimate
height, elevatior—537.00. Durlng +this stage of ~construction:.no proviaion ‘
for regulating the ‘reservoir water surface will, be nade - and the four chan—
nels between the piers will serve &8s a. spillwaj ; : A

With no obstruction in these Ch&ARElS the fish migrating upatream
could, under certain conditiona, paas- through ‘the apillway: and continue
on to Shasta Dem where no trapping Tacilities are provided. o -prevent =
this by-passing and the necessity of constructlng temnorary traps at -

Shaata Dam, 2 barrier will be erected at Keswick. Dan.  This . cbstacle will o

consist of weirs, of sufficient height to keep: the fish frcm leaping over L
them, placed in the four channels of the : apillvay sectloq

The weirs will be hinged wooden gates whlch, ine the vevtical poei—* S
tion, will apan the upstream ends of the: channels between “the piers. “The . -
ends of the gates resting ageinst the -vertical portionsof ‘the . completed S
creat sections form a bharrier approximately- 1E"Teet Thigh. The gates w1llf‘~
be latched in the dowm ;(or horizonth1) position in the forebay until: Vhe‘w
flow conditions arc. such that th: fish could awim. throagn the ﬂpillway '
section to the river upstrean. 1he gates will then be unlatcned permits
ting the hydrau¢4c forces to.raise them and form the barrier. .




X-FARE)

I

‘.\,_ ) -

SHASTA
DAM

ERE LAY

FUUCUERY WURPUN B 4 ¥ i 1-. ..-.__A;;.

SGOVERNMENT
. JCAMP

R | RESp

i

e

ite House :

.--u,*

o

"

,.;..,...ﬂ)u i feme ]

. . Bucheve,,

:
o
b

AT TEN
i

T R

il

J..;xt!

I Rkl

Dt

VICINITY

o

[
- i

1
-SCALE:

CF ~MILLS




TRESERVOIR AREA

FATLWATER]

DISCHARGE THRU STOP-LOG. BECTION

4

R

e

2

infs

‘fa

ion

+

Contract

3 1 ,. ‘
£9s 13-
-




The ultimate stage development-will:be aistraight ‘gravity typecdon~ -
crete dem, approximetely 590 feet long:and 120 feet high, having & spill- - o
way, fishvey, and.'_power,pla;:i-‘c,.‘_:aec.ﬁpp.urtgpan fructures -(figures 3 and 4), .
Three purposes will be served by the ultimats evelopment. ‘Tt will pro-

vide (1) hydroelectric power, (2) & barrier:with Facilities for trapping.

migratory fish, and (3) regulation of ‘the fluctuating discharges from
Shesta Dem. The spillway crest will ‘be:at e¢levation 557.00 ‘and ‘four. .

y

50- by S0-feot regulating gates will maintﬁih‘ﬁh@;rESérvoirfat‘élevétiénj”ff:T@

587,00, The moximum. dlacharge: capa¢'i‘dy'.wri‘:l.-l';b‘_g;j»-'{2'50,’iodo."secondffeet‘.’}; R
The spillway will discharge ontoa rock ‘bench-excaveted fram the ‘left . -

benk of the river. Water flowing over the. benth.and into the old river . - E

channel will attract the ‘£ish to the leftiside of the.streem-and thus -
enable them to locate the entrance‘to the ‘fishway. LT e

The function of the fighway: is to 'at}‘c:é'acj'j},i'bhe'f‘»fiﬂ'h-:ﬁigrb:bing,;»upstre'am
to spown into a trap from which 4hey .are 1:..ej:pc_e‘51;itiéus_3.y_“:L'emové'd.‘aiiqlf trans-
ported by tenk 'bru.c}csjto‘;i't.he_'-holding‘ Jarw;spam'f;ng‘-‘p_o’nd's.:fz'it_;the;f.hat‘qher:,ﬂ;;“a
The fishwey structure will consist of & fish ladder .or series ‘of ‘pools -
geparated by 20- by 3-footIreqtaﬁgularenotchéﬂ‘weir85ﬁhdldingfCHambér%)w

and en elevator (figure 5).  The pools of ‘the' ladder are:l3 feet 1l inch-

long by 38 feet wide by Brfeetfde"p,(with:erryTthirdiﬁpﬁl@h&ying;ap:”L‘

auciliary water. supply from: conduits, discharging through slotted ‘open-.. ’
ings in the floor. This water supply is necessary to:.add en auxiliary < G
flow at the approximate .clevation of the tailwater to provide the jproper .
velocitics for attracting_thelfish-to'thc;do%nstreamgena;ofcthehléa@érg} N

The fish moving up the Tishway will Jump :from ‘posl 4o pool, pass through. S
s trap and enter the holding chamber, . pass ‘through enother “trap sand enter
the brall chember, where a sloping brail will'be reised to forse the fish
into & large container. ~When this ‘container is full, it.willibe raised -
to the top of tle dem by an elevetor and the fish will be &ischarged into
specially built trucks which .will haul then :to a hatchery., -~ R

The power plant will ocoupy ‘the right side of ‘the stoucture andwill .
discharge directly into the __qld_,rive:xf-channé;. T L T

~%., Scopec of tests, Five ‘hydranlic models. -were sconatructed during:
the coursc of the investigation. A 1 t0.B80 model was used to ‘gtudy the.
nydraullc features of the initlel and wlti s'te atage developments of the ' "
dam. A1l to 4B model represented & section of ‘the -ultimate stege epidls o
way and was used to study the flow.conditions _and ‘scour for:vaerious -
apillvay designs. A 1 to 20 model wets.;uaéd‘-i';to‘_ﬁdet,ofminoithe.':tgpcrating" o
characteristics and the turbulerce in the varlious pools of the fishway. .- -
A 1 to 10 model wes constructed for a.deteiled study. of “turbulent flow . v
conditions in the suxiliary outlet pools of the fishwaey ladder. A model: :
of temporary getc was bullt to ascertain the ‘probable impect velocities -

on closure of the -temporary weirs erected ‘:in‘-th-;-fspil.fl.x{ay;secti_dn...“‘

stydies on the 1 to 80 model - of the ultimatc development werce mede ito
.obtain pressures on the spillway, determine . the ;.d.ischaxjgb" characteriatica, =
and stwdy flow conditions cncountered in the wiver chenpel by the migratory.:
f4sh, The pressurc tcats were made ‘to amcceriain the presence or absence . -
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of negative pressures on the spillway face. The dischorge studies were -
 maide to msccrtain the effectiveness of the hydraulic' jump and the ddstri-
bution of the flow after the water left the spillway apron.. ‘Studies of
the flow conditions in the river chenncl gave 88BUrance that the migratory .
figh would be induced to enter the fishway. Also, tests on this model
indicated the need of a lerger onc of the spillway to ensblo a more de- EO
tailed study of the hydraulic. jump and the ‘scour of the river bed down- .
strcam. e : R T R . :

A 1 to 48 scale model of a sdctlon of the spillway was constructed
4n a flume with a glase pancl side for -Gbaerving -and photographing flow. =
conditicns. Teete wore made on various u_types'-_:of‘,s"sillé;""—‘deri'ba.tcs.;, -and apran’ o
profiles to cbtain a combination which would give the most satisfactory
Jump conditions and the minimum scour downstream. The cconcmics of the ‘
design werc also considered, as 1t was necenpexy for ‘the mpron to be short
end -comparatively high to avold excessive rock cxcaevation. PR .

Teste wore made -on the 1 to 20 scale fishway model Lo determine the o
opereting cheracteristice of the fish ladder,: the hced loss in the auxili-
ary woter supply conduit system, the flow chergcteristics -at ‘high and low: .-
tailvater stages, ond “Le effectiveness of “the watcr-supply baffling de-
vices in the ¢liminetion of turbulence. The purposc of thesc tests wag to . -
discover eny undcsirable features and evolve ‘satisfactory fmprovements. .

Investigations mede on the 1 to 10 scale -medel of a portion of the:
puxiliary wetcr supply conduit and fish l&_ndd,er;wéré'primarilyi-direqted”f.j
toward the climinetion of turbulence in the pocis 0f the ladder.to which .~
auxiliary water was supplicd, This wae important since chservetions on - .
other fishwny structures heve chown that the fishwill .avoid or become cone
fused where therc arc bolls or strong upward currents and mey attempt to
swim ageinst them, Meny combinations of baffiocs in the dissiputor were.

tricd before a satisfactory one wes evolved. - T L

A model of the tcmporary-getc weir t0 bccrectcd inthc Q'spjillwa.v' ;por-il, T

tion of the structure was constructed to an {ndefinitc scale to determinc

the probuble velecity of the top of the gate when the closure 1is made. It
wes necegsary to know the magnitude of this velocity to dosign the getes. v
strong cnowgh to withstand the forcea ‘4mparted by the -impect of. the cnds
of the getes on the crest sections. It 'w'ould,-;havc' “peen neccasary to con-
gtruct an cleborate model to evoluaete +tht humerous veriables, but as it was .
only desired to check the cgsumption that ‘the terminel welocity of the top -

of the gote was equal to the velocity of flow through the channel before
the gete wes unlotched, a rother simplc model wasr?copstrucfbpd"to-vasc'cxftain
the reletive velocitics of the gete and flow through the —ch_o.z'mel'.ﬂ S

5, Summary of the investigation: .The original design of the initial .
stege development of the project wes teated on the:l to 80 scale model and
found to have inedequate flood capecity. ‘tindesirable flow cheracteristics - .
oxigbed in the spillway, ot the cntremce to the fishway, end downstream
frem the powarhouwsc stop-log section undex certain,j.t:porating_con‘tliticns.
These were climineted by revieions which made the structurc more closely
regemble the ultimate development, ' e




When the ultimate stege development weos ‘tested on the 1 to 60 scele
model, the spillway wes found inadequotc’as the “hydraulic: Jumpwas Pormed . -
over the downstream ond of the mpron., The recommonded design, obtained -
from studics on the 1'to 48 model, proved satisfactory whon tested on. o
thie model, SER T T T T S

Dutailed studies of the spillwey were conducted on o lto 48 scdle AN
suctional modcl to ascertain the most effcetive ‘and efficicnt spillway o
epron profile., Vaorious types of sills , dentates, and. ptops-were tosted
bofore £ satisfectory cnorgy -dissipator was ‘ovolved which consisted of &
row of 8-foot thick strecmlincd stops gpaced 7 foct apart with their top
surfacos sloped wpword ot 10 to 1 fram the horizontal.: These tegts also .
demongtrated that, should retrogression of the ‘river bed lower the tall-’
woter elevation sufficient to cause the Jump to utilize only the dowm-~
gtreem portion of the apron, +the conditlon could be corrected by adding
o row of dentates on the 1:1 slope at the end of the 'apron. . .

Flow characteristics in the river, pertaining to'the -operation of
the fishway, were studied on the 1 to 80 scale model of both the initial
and ultimate stege developments. Unsatisfactory flow conditions on the
original demign of the initial stage were ‘eliminated on the revised design ° . )
when the flow was evenly distributed over the rock ‘bench dovnstream. The . .
fiow conditions in both the original-and-finalxdesignsﬂof=ﬁheyuxtimate, ‘
stege wers satisfectory for proper operation of the fishwey, -e:?'cqept that
the latter required B sloping extension to’ the right epillwey treining = .
wall and a block of concrete carried to elevation. 503,00 :in ‘the seme re- - -
gion to prevent exceagive Ilow over the ‘bench &t the entrance to.the fish '
ladder. . . 2 ' RTINS UL

A model was constructed to the scale ratlo ‘of ‘1.toc 20 %o.study the -
operating chavecterigtice of the fishway. ‘The tests indicated the neces-
aity of completely redesigning the baffling devices to eliminate undemir-
able turbulence, uneven flow distribution, ‘and strong upwerd currents.in .
the pool: and-chembers. Turbulent conditions in the breil end ‘holding ©
ohambers were eliminated by forcing the water to follow.a circuitous path
apound the walls of those chembers before being admitted to them.  The
£igh ledder, which consisted of & succession.of poola separated by rec- -
tenguler weirs, had satisfectory flow characteristics. from pool ‘to poel. .
The model wae too small for detailed studies pertaining to “turbulence .80
another model was constructed to a scale of 1 to 10 to study the flow.in
one of the ladder pools to which suxiliary water was supplied from beneath -
by the suxiliary conduit system, Numercus degigne were tested .on this .
model before one wes evolved which successfully eliminated 81l of the un-:
desirable flow charackeristics. The recommended deaign outlet consisted
of a wide, shallow cross conduit, tapering upward, with emell step-like - . -
baffles placed tranaversely on the floors to force the weter upwards end
out through the slotted openings ‘into the pool. _ N

Tests on the temporery gete welr ‘model_-dexﬁonstra‘;ted;fchat t.ﬁé: top of g
the gate moved at e velocity greater then the velocity of 'the"streamrof’f-* o
waver end that it reached a maximm between 10 and 20 degrees from the




‘verticel. . The velocity was decressed somevhet as the gate neared-closure,
due to the cushicning. effect of the water between the pler:sections and
the ends of the gate. Turther teats demonstrated ‘that when the tailwater
elevation 1s reised, the cushioning effect ipﬁcorreapond;ngly;greater_ﬂdth
a consequent reduction in ‘the impact of ‘the gate}onfthejyiérs.;ﬁThe”tests‘ :
sndicated that the fector .of Bafety:used.inrthegdeeigniﬂoﬁla;prove‘Suffi— L
cient to prevent destruction of . the gates et clogure. Y D EEN ‘

S R TR o

‘\-_‘:?__m , B P ST TN

L Description of 1 to 80 model. ‘The model of ‘the ‘initial ategs de- °

velopment, including the:topography.27§!féet-uPStregm\andf6h7'feet;down~ ;

semiies snres

atream from the axis of the dam, was duilt to a-scale of:l o -80.(figures’

5 end 7). Water weg Suppliéd‘and,Tegulatedfby;théflhboratory;piping '
system; a gravel baffle wes used to distribute the flow evenly; and the
tailwater elevation-was‘TEgulated'by7a:t@ilgate;fjmhe'SPillway, piers,Astqp7:Pf
logs, and Tishwoy were;mndegof;r@dwoodgaﬁd‘encloéedWingﬁwbsmetal*framEE '
bolted to the bottom of the model box. "The powerhouse or stop-log section
was enclosed in onefframﬂ‘and‘the:apillwayféection.infthegcther'to'facili-" :

tate removal of one.section;ﬂithout,interfering}vith4thef6theruwﬁan'designf%
changes were made. The revised design of ‘the initial stage and: the ori- -

ginal design of thefultimﬁte-stﬁgevwere.constructea‘in;thegsaheﬁmannep. o
The finel design of -the ultimate stage _:spi’liwa,)r"'wﬂs_ana.'bruc'_‘_tedjby' cutting
o series of Tibs to the spillwey shape and covering th m with sheet metal, -

The piera, gates, retaining walls, steps, 1d Tishway werc made of redwood.
The original dosign powerhocuse was.used;fbr‘allftasts:cnkthc“ﬁltimate?de-”‘
velopment. : S ey R I I R

“5 "Pegts_on the initial-stage development.  Hydrewlic-model teste of
the inltial stege demonstroted the necd~£9r‘revisionﬂof‘the‘propcsedgdse‘u‘]
sign since the stop-log aection-at;ele#ationc505¢OOfVasgﬁffeet“lowerathan;b, .
the gpillway crest”atselevation}510‘00,:andvcohseQuentlyEaﬁﬁlowqﬁiSChargee’ -
the greater portion of the‘flpw:93533656ver'this,sectiOnjinatead;bf“the _7’
spillway (figure TA). The spillwaey was insdequate for the 'anticipated .
f1loods. These objectionable conditions were eliminated by increasing the -
length of the spillway creat from 71 feet (8 inthe=td'l50‘féet;hnd;raiaipg*
the stop-log section to clevation 520;00;(f15ﬂré173);‘ﬂThiégdegignfprbvédﬂg
satisfectory as thc apillwey had -ample discharge cepaclty end an-effective
stilling peol. The~discharge;capacityfthrough_the:strﬁcturc;vasﬁlﬁayOOO i
sccond-feet with the stop logs et elevation 520.00 and 172,000 seccnd-feet
when they were removed to clevation 500.00. . L ST

“6. " "Studies on the 1 to 80 model of original design of ultimete  C
development. Tests_on-thc’original=design.ofﬁthe,ultimate'developmeﬁt;inﬁv
"~ diceted that the spiliway apron should Pe reviged to more effectively 7
digaipate the ¢nergy in the spillwey flow bofore it reaches the rock ‘bench.
The hydraulic jump cccurrcd too ncar the ¢nd .of the apron with the result
+that & slight reduction of the tailwater clevation would sweep it off onto
the bench {figure 8B). As the 1 to 80 model was to¢ small to effectively . -
study the action of the spillway, the 1 10 b8 gcale sectional modcl of - '
one-half the epillwey wes constructed. . L
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Original design - Spillwey discharge, 25,000 second-~feet; fishway
discharge, 300 second-feet; and tailwater elevation 504,20C.

Modifi ies] Spillway discharge, 1 0V se
is e ) sond={eet: ang tailwater eleva

cr sOwey
+

+ 3
s

IN INITIAL DEVELOPMENT




Spiliwey discharge, 3,000 second-feet; fishwey discharge, 300 second=-
feet; no powerhouse discharge; and tellwater elevation 488.00

Spillwey discharge,
discherge; ¢ tall

FLOW COUDITIONS IF CRISINAL DESIGN OF ULTL
KESWICK DAM - 1:30 MODEL




, T Dpscrip “ion of. l to ll-8 model, Thc 1 to MB mod.el‘:repre"' e
pormon oi‘ the -center bays of the. apillway and wes Lplaced. in.a
flume with & .gless penel to provide obscrvation -and photography ;
gpillway action and: downstream scour, The - model spillway wes cona ructed
‘of wooden ribe covercd with. galvanized Aron (figure 9).
inches deep was placed in -the Tlume to. determine the: *relativ‘ l‘a
_gtreem fyom the apron for:each: spillway ‘shape, The tailwa.ter

wes edjusted to conform with ‘the prototypc by means: of.ar ‘ba.ilwa er
at the downstream end of the Tlume. The steps, ‘whic

spillway to assist in the encrgy dissipa Lion; sWwere Wool

tion of one of metal to pemit installation of piczcmuter

'presauru mpaluremynts.

8. Dovelopment of ruccmmended 8 1llwag ficsigg ,;‘;-A'aéri'e's ‘of tests
wes mede on the 1 to LS modél to cbtaintthe moat.econamicel . spa.llw de-
‘sign which would provide. adequate protc.c‘bicn “For the to&:of the- structure
and the rock bench downstream and ei‘fec'bj.vely dias:n.patc he _energy*releaaed
cn the spillway apron. b ; L

In order 'bo dctemine the - relatlve safety of e propoacd design, ’%swecp-
out tests at the higher disohargee were made by lowcring ‘the tailwater . -
.¢lovetion until -the. hydraulic Jump ‘left the.. apiliway apron ~The failwater.
elevation was also adgus*bed +to that eluve.tlon g% which’ thé most: sa'bisfac-
tory Jump wes formed. When the’ ‘normal tnlWa'ber elevation ; ‘-weep ou:b
elevation, and satisfactory jump ¢levation s’ plot‘bed. aga.i
" cherge, the efficiency of the design 1 npparent ‘The most en

design would be one in which the: noxm&l ta,ilwa'ber and sa’cisf& 't.ory Jmnp
curves coincide and the sweep- out gurve: ia considembly“lowe gl '
A satiasfactory design was considex\.d to be cone.whero the unp -would. no"'
lecave the apron after a reasonable emounu of r»trogrcss* on of the river
chamnel, ‘ ‘ : R o o L

The original. splllway deaign was tesned in thc l ’co h8 moﬁ.el &0 demo -
ptrete its inadequecy and o establish . a. b&lBlB for subﬂequent improvements‘.-
(design 1, figures 11 and 12 A ‘and B).. 'The location.of “the jump &t normel -
tailwater snd the scour after - the run wf,re rccorded. 'by photographa and
werc compared with sub°equent tests on’ 'bhe various proposed designs to
egteblish the relative improvement accming Trom: ’c.hc revigions. :Thesge:
tests definitely 1ndlca‘bed that :the. original deslgn oI *:_thc spillwa,y-f-cuuld
“be revised to- :.mprovc the opera‘bing char&cteriah ca S ‘

‘The fivet revision: to the design cons;eted cf etep.a( . _
. .apron at the pool. entrance a.r‘ranged o breek up- the, Jet yand.move the 3
further upstream:(design 2, -figure 1), ‘The .steps: effected 2 notigeable

" {mprovement, but-the hydraulic ,jump we.s 8till 00 fa.~ downa‘brcam and. con .

giderable energy was prcsent when the- flcw reacheét thc rock beno‘n

'I'he apillway -was then redesngm.,d using sloping apron comput,a‘b _ns'

‘based on the design.at ‘Wheeler Dem in the Tennessce Rivoer, The radl

the curve conn:.ct*ng the para‘bolic sectmn of” the crest W:I:bh the 10p;né
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D. Erosion of sand-gravel bed.

DESIGN 7 - 16:1 SLOPING APRON WITH DENTATED SILL

COMFARISON UF FLOW AND ERUSION
KESWICK DAM - 1:48 MODEL COF ULTIMATE DEVELOPMENT




‘apron was incrcoced from 60 feet to 120 feet {prototype). The apron -slope -
wes chenged from 5 to 1 to .26 to 1, ond the apron lengthencd 23 feet (de-
aign 3, figurc 11). A dentoted sill 12 feot high wos added, similar to
the onc used in tests on the originel ‘deeign. This ‘arrangcment proved .
satisfactory as the stilling poeol hed pufficiont longth to properly trens-
form the kinctic cnergy of the Jet to ‘tur_bule'h’c. encygy and dissipate the
1atter on the spillwny apron (figure 127C end D). ‘The dentated sill vas.
movcd upstreom to meke the apron the -same Jongth ‘as ‘in the originel design
(dvaign 4, figure 11), but the test demonstrcted thet the epron should be
et leaost as long as in design 3.  When ‘this ‘s111 ‘was roplaced with.ono. . . i.
having o trepezoidal crossiysection the dissipetion of encrgy was incom= '
plete, indicating the dentated sill-to-be the bettor design, (design D, o

figure 11). By raising the 111 to-8lovation 497.00, the flow .conditions o

vere improved ond scour practicelly eliminated (design 6, ‘figure 11)..

¥Flow conditions werc not adversc when the dentated sill was. replaced with-

a smooth sill, but the scour was cxcessive (design T, figurcr.‘.-l]__)..’ The
crest was roised to elevation 540,00, -and the rock bench dowmotream to

clevation 500.00 (design 8, figure 11). Flow conditions vcre.sa'tiafa;cjtory“'
end there was very little scour (figure 135 A and ‘B).. ' e L

Tmpect of the Jot on ‘thc‘:--'_dentatéé[nﬁgh‘-b Aosd to cxcessive meintensnce

coabs on this tiype of . sill; conscgquently, invcarbi-gati_oﬁs were made of the

cffectiveness of apron steps placcd near the pool entrence. . The ‘purpose
of those steps was to introduce turbulent ‘eddies, thercby increasing the
encrgy disoipation ond deercesing the length of ‘apron required. Stops i
were tosted with top curfeces horizontal, inclined 10 degrecs upward, in- -
clined 5 degrees upwerd, inclined 10-degrees ‘downwoxd, inclined 5 degrecs. .
downward, inclined 10 degreos wpvard with.a 1 to 1 slopc on the downstreem
fece, inclined 10 degrecs upvward with & 1/2 to 1 slope on''the downstreem
face, and inclined 10 degroes upward, “with e verticdl doimstresm face, and
with the top cdges streamlined (designs 9 to 16, inclusive,. figure ‘11‘-3..-
This scrice of tosts demonstrated that ‘the gtep with the I_lO_—dcgree'.;.upward’
slopc produced the most desireble results ‘because of the more rapid dis-
sipation of cncrgy (figures 13 to 17, “4nclusive). Tho-steps :wh_i’ch_me.rc."‘ :
snolincd dovnwerd were ineffective, since the scour after meximum discherge
was almost as great as without steps. Thoaec. with sloping ‘downstreem faces,
pecauac of the atreamlining cffect, prevented “the -formation of eddics
imucdiately downstresn, consequently dissipating less cnorgy and “increasing
the scour downstroom from the epron,  Fressurc tegts revealed subatmospher-
j¢ pressures on the cdges of the steps. ‘By rounding and conscquently
atroemlining thosc cdges, the pressurcs we‘rc,mnde,_amqsphoric“_or,gree—.ter‘ ‘
(figure 18). A paint test wes mede to ‘delineate the stresmlines on the
steps (figure 19). The teet was mede by coating the steps-with a thick i
white lesd paint, bringing the discherge up to tho ‘moximun’;as quickly es:
posaible, end after & Tfew moments of flow, cutting off the flow as repidly
as possible. S : : ' e : I '

Up to this polnt in the teste, a movable bed of gravel had ‘been used
downstream from the gpillway.  Inesmuch:as the bench downstroem From the-'
apillway apron is to bc solid rock in the prototype, an investigetion of. -
the diffcerence in effect between a movable bed and & vock bench in +the




Brosion of sande-gravel bed.
DESIGN 8 - DENTATED SIIL AT END OF APRON

D. Erosien of sand-pgravel bed.
DESIGN 9 - TRAPEZOIDAL SIILL ABD STEPS WITH TCP SURFACES HORIZONTAL

COMPARISON CF FLOW AND BEROSION

KSSWICK DAM - 1:48 M(DEL OF ULTIMATE DEVELCPMERT




B. Erosion of sand=gravel bed.

DESIGN 10 - TRAPEZOIDAL SILL AND STEPS WLTH 10~-DEGREE UPWARD SLOPE
ON TOP SURFACES

D.

DESIGN 11 - TRAFEZOIDAL .
SLOFE ON TOP SURFACES

COMPARISON (OF FLOW AND EROSION
KESWICK DAM - 1:48 MODEL OF ~TIMATE DEVELOPMENT




B, Brosion of ecandegravel bad.

DESIGN 12 - TRAPBZOIDAL SILL AND STEPS WITH 10
SLOPE (O T(P SURFACES

D. Brosien of sand-opgravel bsd.

DESIGN 13 = TRAPEZOYDAL SILL AND STEFS WITH G-DEGHEE DOWNVARD
SLOFE @ TOP SURFACES

COMPARISQN (F FLOW AND EROBIGE
EESWICK PAM - 1:48 MOEL OF mm - DEVELCGFXENT




B. Erosion of sand=gravel bed.

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

D. Erosion of sand=-gravel bed.

DESIGY 15 ~ TRAPEZOIDAL SILL AND STEPS WITH %:1 SLOPE
DOWNSTREAM SIDB

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




D. Discharge = 260,000 second~-feet.
DESIGN 16 - TRAPEZOIDAL SILL AND STREBAMLINED STEPS ON AFRON

EFFECT OF STABLE RIVER BED ON STILLING POOL ACTION
KESWICK DAM - 1:;48 MODEL OF ULTIMATE DEVELOPMENT
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Oblique view.

FLON LINES ON APRON STEPS AFTER DISCHARGE OF 50,000 SECOND

KESWICK DAM - 1:48 MODEL OF ULTIMATE DEVELOPMENT




nodel was mede., A layer of concretc wes placcd to clevation 500.00 to
reploce the movnble bed. When the model was teeted, the hydraulic”audp
wes congldcrebly worsc than with tho movable beods. It wos necesgery to
redsc the toilwater elovation from one to two.foet (prototype) mbove the
normal level before the Jump become setisfactory. A roduction in tho talil~
weter elevation of 3% foet below the normel level vas noccseary to 8weop

it frem the apron ot the maximm discharge of 250,000 gocond-foet. - This
teat showed that the send-gravel bench hed considereble offocttuponﬁthe
Jump characteristics, Ite efficicncy was improved by the incroascd fric-
tion ond by the roller vwhich was formed in the bucket-like pocket seoured
dovmetreom from the sill during high dischergcs.. $T LT

When the smooth trapezoldel sill was replaced with a dontoted eill,
the jump cherscteristice were greatly improved. - Tho satisfoctory Jjump '
curve coincided with the normel tailwater curve end the jump could not be
swept from the apron cxcept with -the teilwoter olevetion 10 fect below
normal for the maximum discherge of 250,000 sccond-foct. 1t wes found
that if the beneh were excavated to clevation 503,00 instead of to dle- -
vation 500,00 as originally plenncd, the-tailwaterfwould'riScisufficientlyj
to give adequete dissipation of the turbulent encrgy, thus eliminating -
the meccosity for the dentated sill. In eddition, it wes noted on subse
guent tcots on the 1 to 8¢ modeld that“thc«tailwater'elcvation'was.appre-_d
cisbly higher on the beneh downatrcam from the spillway -then in thé old
river chenncl, indicating thet the tests on tho 1 to 43 scuctionel model

werc conscrvative. The dentoted sill could be added in the future if the *
beneh should crode and the jump tended to-sweep from the spillway apron
(design 17, figurc 11). i SO e

9. Tests of the rccommended design oon the T to 80 model, . After de-
tormining an acceptable apillwey profile on-the 1 To I8 scctional model, -
1t was incorporated in the 1 to 80 model to study its ection in conjunc-
tion with tho. other hydraulic feoturcs: of the dam. - The epillway operated

sctisfactorily under all conditions of flow expected on ‘the. prototype
(figures 20 and 21). The hydraulic.Jumpgcpuldgnot‘bq_swcptufrcm;thc o
epron at maximum diachexge by‘1owcring;thc,tailwater clovevion in-the © . -

river chemnel. The rock bench was sufficiently high td,prevdnt_the“tail?f

watcr felling bclow the sweepéoui‘olcvation.‘_Pres&urc-tcstsfﬂppevmade;on!
the spillwey scction zlong the conter of the second bey to the left of
thc powerhousc, The pressures werc_satisfactory,fthatﬁis;-greatcr;bhan
ctmospheric, for oll discherges (figure 22), -The crest wea calibreted by.
meesuring the head over it for verious discharges (figure 2%).  The proto-
type, however, should give slightly higher.diSCharges-fﬁr-the.saMefheads”:
g8 the friction factor wae not to:scalc,'boing.relativolyfgreater~f9r ‘the-
model, o - ' B :

The downstroem cnd of the piers wore streemlinod to eliminatc;fiﬁs"
forming downstream on the origincl design (figure 2L). Other tests made
will be described subscquently under fishway gtudies. ' DR




Spillway discharga, 25,000 second-feet; fishway discharge, 300 second-
feet; no powerhouse discharge; and tailwater elevation 504.20.

Spillway discharge, 60,000 second-feet; fishwmy discharge, 300
second=-feet; no powerhouse discharge; end tailwater elevation

513.60.

FLOW CONDITICONS IN RECOMMENDED DESIGN OF SPILLWAY
KESWICK DAM - 1:80 MODEL OF ULTIMATE DEVELOPMENT




PURPRPIRRRTE RIS S VI

A. Spillway discharge, 100,000 second-feet; nc fishway or powerhouse
discharge; and tailweter elevation 524.20.

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

FLOW CONDITIONS IN RECOMMENDED DESIGN OF SPILLWAY

OF U
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B. Elimination of fin by streemlining of

FLOW CONDITIONS IN STILLING POOL SHOWING EFFECT (P STREAMLINING SPILLWAY
PIERS




TFISHWAY STUDIES |

10, Fishway studics on the 1 to 80 model. . The L10w .conditions to .
‘be -encountered in the stream ndjacent ‘to the fishway in the ‘originol de-
pign of the initinl stege, were.studied in the 1"t0 80 :model -end found o
‘pe unsetisfactory. The concentration.of flow from the ‘spillway sectiom.
produced cddics and undesireble .currents ot the frishvey entrance (figure © -
78). These conditions were elimineted by altering the dcsign to resemble | .

morc closely ‘the wltimate stege. In this design the flow of water over
thic bench produced conditions that should -engble the :figh to locatc the -

fishwey entrance withoub - difficulty (figureTIB) B T

Though the original design of the ultimote atage was romsonably. -
patisfactory from the standpoint of Tishway operation. (figure ‘8A), hy-
draulic conditions dictatcd the changes in -gpillway design previously: . -
doscribed. When tho rovised spillwey design wos included in ‘the 1 $0:80
scalc modcl, fiuw conditions werc ‘satisfoctory for. the Tishway (figure 25).

Operetion of the powerhouso did not appear borhove ‘en ‘adverse effect
upon the flow conditions at the entrance to ‘the fishwoy ladder. A sloping -
cxtenoion to the right spillway treining well and a bleck of :conerete . &
corried to elevation 503.00, where the bench was too low, woes installed
4o prevent excessive flow over the bench into the rivor channel downstreem -
frem the fishway (figure 4). Since the 1 +0 80 modcl wes” too small for et
deteiled study of the fishway operetion, & 1 to 20 scale modél wes: con- .
structed. L T e R e

Provision has bcen made for & Tlow of approximatoly 320 .second-feet, & |
of water through the fish ladder, -of which 106 second-feet wrill be intro=" .

\duced into the holding pool &t the head of the laddor to maintain & depth. .
of 12 inches over the-weirs. The remeining 220 scoond-foot will doin= -
froduced farther down the ledder neer the tallwetor surfacc to provide .
sufficient velocity with little turbulence “to abtract the migrating fish !
into the ledder. It -was for the latter purpose that provision was made -

for the cdditional wotor supply in cvery third pooliof “the lodder, The = -
ectunl distribution of the 220 sccond-feet will depend upon Tield experi-i .
ence after the structurc hes becn placed in operetion, but for purposes

of these tasts, it wos assumed that it-will de introduccd -through‘one pool - -
of the ladder--an extremc conditiom. ' =~ P e e
11l. Description of the 1 to 20 model. The 1. to 20 .scale fiahwey

mod¢l wep constructed, employing sheet metel for the ‘heed box, :condudty, . -
znd gates. . The remeinder of the model was wood (figures 26 and 27). 8lide.

gotes were used to control the flow through the fishwoy, oxeept in the -
head box, where rubber corks were uged., o B U

/ 12.° Mcthod of operation of 1 :to 20 model. A point zoage was instal-
1cd above the holding pool end the wolr at the holling pool was cellbretod -
by comporison with the flow through e V-notch welr, When ‘one ‘or more -of
the awxiliary woter supplics to the ledder wos uscd, the totel discherge = -




A. Splllway discharge, 3,000 second-feet; fisghway discharge, 300 second=-
feet; no powerhouse discharge; end teilwmter elevation 488,00.

16,000 second-feet; fishway discharge, 300

B, Spillway discherge,
; and tailwater elevetiom

second~feet; no powerhouse discharge

488,76,
FLOW CONDITIONS IN RIVER CHANNEL WITH RECOMMENDED DESIGN OF SPILLWAY

KESWICK DAM - 1:8C MODEL OF ULTIMATE DEVELOFPMENT
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JPartial assembly of model showing metal conduits, auxiliary outlets
and contrel gates.

ted model - Discharge, 300 second-feet; and tailwater
elevation 497.00.

CRIGINAL DESIGN OF FISHVWAY STRUCTURE

KESWICK DAM ~ 1:20 MODEL OF FISHWAY

s




S

B. Action with flow of 120 second-feet through pools of ladder and 189
second-feet from auxiliary outlet in floor of p in foreground.

FLOW CONDITIONS IN OPIGINAL DESIGN OF FISHWAY LADDER

KESWICK DAM - 1:20 MODEL FISHAAY

] 3




wag firat establishcd by closing all the getes cxcept theose in the brail
end holding chambers and measuring the discherge over the holding ‘pool
weir. The gage was then adjusted to the reading coxresponding to the dis~
charge through the brail and holding chambors, and the proper discharge
throngh the suxiliary water supply was then obtaincd by opening the con-
dult gatc untll the gage polnt ‘touched the surface of tho wator in the. -
nolding pool. The tailwator clevation was varied by raising end loworing
the tail gote. Currente in the pools were traced by .adding e few drops

of potassium-permanganate solution to the water. & o L S

13, Operating charactcristics of the.leodder. . Fluow-characteristice
from pool tov pool down the laderuwcre*considoredﬁaatisfadtpry'fbf‘thc“
propor oporation of the fishway (figure 28). Thp‘tests‘dcmonstrated[that
r ladder slopc of 1 to 12 gave flow conditions vhich would inducc the fish
to climb the ladder. The velocities were elso sufficiently low to obviate
the danger of possible injury to the fish if ‘forccd ageinst the :side of
the fishway by the currents. . This factor was eéne of the most fuportant
dcolgn considerations to be checked by the model study, for all cuts,
bruiscs, and similar injurics 4o salmon will not heal +in fresh weter. “ihe
plen of sdmitting additional wator from below into cvery third pool by
meens of the auxiliary water supply system tofmaintain«ﬁheﬁprcpersvelocity
in the fishway entrance scemed quite satisfactory with: the-oxception of '
minor modifications to be described subsequontly. When ithe tailwater ¢le-
vation riscs, the upstreem auxiliary conduits-will be opened to introduce

the auxiliary flow at the approximate tailwater surface. This may be-done

by closing the downstreoam outlets, or partially closing thom when the up-
stream outlets arc opencd, o Lo R '

14. THoed losges in the conduit system. ~The head box on the original
dceign-wes quite cffoctive in reducing the head on the puxiliary water ’
supply conduit systom, A slide gate on‘the inteke conduit proved equally
cffoctive on the final design.  Tests mede on tho originel design of -the
fighway gave woad losscs botween the head ‘box end the downatream end of
the conduit system averaging sbout seven feot (prototype). It should'be . .
borne in mind, howover, thet the hoad loss in‘the prototype structurc
might be somewhat different becausc of viscous effects and difference in.
getc conatruction. ' ‘ i ‘ N

A1l water supply outleils in thc”fishwayfVCfc\amﬁlc‘to carryﬂthéeﬁaxi-ﬂ
mum discharge, both in the originel ead finel designs. L = ‘

15. Turbulence studics on the original dosign.  Hydraulic studies on
the 1 to 20 scale Tishway model showed conclusively that the baffling de-
vices in the original design failed -to distributc evenly the flow tinto the
various chembers and pools, and elso failed to prevent the formation of &
turbplent currents. These turbulent currents arc very undesireble in.a .

fishway as pest expcricnce has shown that the fish will avoid them.

18, Brail and hoigt chambers. In the original design the - water was
admitteld through the walls of tho brail and holst chambers by devices con-
sisting of an cxpanding gocction of .conduit shaped like e flat frugtrum of
o pyramid with vertical baffles to break up the volocity and diatributc

38




the flow (figurc 26). The tests showed that the errengement of the baf-
flcs should be chonged to cqualizc the flow from the openings since the

two conter ports cerricd most of the flow, while that through the outer -
two wes negligible. This unegqual flow ‘produded undcsircble turbulence

ond strong wpword curronts in these pools at the Uhigher*_di's'churgea.‘

“717.Holding pool. The conduit openings on the floor .of the holding
pool Were covercd by Torizontel rectangulsr beffles onu oot longer and
onc foot wider then the openings ond set 18 inches (prototype) above the
floor {Tigurc 06). This type ot baffle did not prove cffective pe.most
of the Tlow came out. ot the downstream ond of the cross conduit, produc-

ing undesireble turbulence and uncquel distribution of flow. .

provided with ¢ supplementery watcor supply from the auxiliary cross con-:
duits, which oponed into the floor of the pool in two places.  Beffles:

18. huxiliary conduit outlets. Every third pool in the lndder wes:

gimilar to those in the holding_pool‘wcrc‘providea“toﬂcliminute‘tufbﬁlehce;"ﬁ

The teste indicated thet those openings should be redesigned for when the
gote of the cross conduit was partielly clesed, the high volocity Jet '
flowing pest the Pirst opening drew water from the pool into the condulit,
and most of the flow wes discherged through the far 8ide ‘of “the eucond’
opening, producing & very pronounced turbulent boil on: the left side of ‘
the pool (figurc 28B). -When the gate was .open 100 percent, the flow con-
ditions wore somowhat botter, but tho flow from the sccond opening wes ‘
sti11l dispropor‘cicnatdl:;' lerge. L D T

19, ] Revincd. design of holding pools end hoist chomber,  The ‘conguit. .
- pystefi-gnd beffling devices were completely redesigned eftor the studies
on the original deaign indicated thot undesirable - flow conditions yore
presont et the conduit outloets. The upper: portion -of the 1l to 20 model

was rebuilt to study the revised holding-pool dcsign. The revised design |

elimineted the head box hsed ‘previously and the woter wes odmitted dir-

ectly from the forcboy by o condult controiled-by ‘& slidc gete. Inthe

ultimete prototype structure & lavge portion of the ‘fishway weter supply
will be drawn from the toilwoter through o jet . pump .operated by-a highs -

pressure discherge from the reservoir.  In this design .';:hl‘(;'.,supplyvm'ﬁofr
to the conduit sidc of the model fishwey, holding brail, ‘and hoist c¢hom-

bers, was ceampelled to poss from the conduit aide zoross the upstroan end -
of the fishwey to the oppositc side, thenee downstreom to ¢ crose copduit. oo

undor the chamber floor and back to the conduit side, wvhere it entered the .
chembers through four supply portels. As 2 result. there was' & noticesble:
incquelity of flow from the supply portels. This condition was remedied |
by removing the bulkheed et the wpatreem cnd of the conduit side, thercdy
eppruciably shortening the flow peth to the supply portols ond improvimg .
thc approcch to-then. S N

The 1 to 20 scole model proved inadequate to study twrbulence at the
. auxiliery cross-conduit outlots; consequently, & larger model of this :
feature woe ccmstructcd to o scale retio of 1 te 10, L SRS




_ 20. "Description of 1 t0.10 modcl., The 1 to 10 modcl consisted of
. one le@de? pool and its cuxiliary wetor ‘supply ‘eystem (figure .29). The .-
e ‘model was arrenged so thot the ladder Flow could be supplicd over the up-

- atream weir. Tt wos .constructed moinly of -sheot metal, with the exception '

of the beffles and teilwater-gete which were Tedwood. .

Jr——

{231, Teste leoding to rccommended deslgn of outlots. A revisod de-" it

sign of the auxiliary cross-conduit outlots which wes:inc orporated dn the '
) 1 to 10 medel (deeign 2, figure 30) differed quite wadicelly from the ‘
* original design, = The ocross cenduit was the same width-as the pool at the
getc, then tapored upward ond inward to the opposito ‘side of the ‘pool. _
The intonded purposc was to force the wetor in egual amounts through’ - .

alotted oponings in the floor, 'Tests madc on the' .1 to 10 model with the
mexdmum discharge of 220 sccond-feet, and the minimum digcherge-of 110 -
sccond-feet (prototype) showed thot the flow was not uniformly distributed
end surfrce bolls were present {figure 31A). Some improvement wze noted
when the @pecing of the cross~beams was 8ltercd to change the openings .
from epproximetely equel orcas to openings where the croas ‘were reducod -
progrogaively until the arce of the final opening was dbout ‘one~fifteenth
the arce of the fourth opening (design 3, figure 30), . This reduction in
orce wes neceascry as the woter had o-tendency to flow:directly tothe . .
end of the condult ond out of the openings. ‘A curved plate placed inithe
‘ moin ronduit improved the Tlow distribution, climinating the boll ncer
s the gate. The change in the 'specing and sizeoof ithe openings removed “the
e boil ot the left side of the pool. "Some turbulence persisiec (figure 31BY
thus this -design wos not wholly setisfactory. . The mein supply -conduit ‘
ves reviscd both dn size ond in location (design &, figure 30).  On'the
roddl, the moin conduit wes carried beyond the geoto,: to repreésent the con-
ditions present when wotcr was flowing to ocnother auxilinry outlet down-
i gtream. An overflow tank was clso edded to assimilatve ‘conditions present:
when water wee flowing into the peol from the upstresm weir.  Numerous . -
minor revisions were made but no cppreciable improvement in the flow con- |

ditions wos noted, indideting the necessity of ‘a'mpjor rovision, . -

PR

' 224\.ﬁ§'»Reccmnended design of outlets, The model was reviscd by ro- Lo
ducing thé sizc of the goté from 11f by & feet to 0°by 2§ feéoty the in- -
word taper -of the cross conduit wes climineted, thet is, o.constant width
was used across the width .of .the pool; the unwerd taper wds retaincd; and-
2-inch steps were pleced every four feet (prototype) on the bottom of the
" cross .conduit (design 5, figurc 30). These steps ‘morkedly improved the |
flow conditions in tho chomber by decrcasing the tendency ‘of the woter to -
‘be concentrated et the ¢nd of the condult. The opereting charactoristica:
worc improved to such an exteat that therc wos no_pronounced boiling -or: Y
. turbulence, even ot the maximes dischexge ‘of 220 sccond-fret (figure 32B).
A metol grill was built to approximete the additionel ‘beffling effect of

S " the grating which prevente the fish from gintering the-conduits. Thig & =
o further improved the flow conditions (figure 33). o
- . _7 23, Description of temporary gete weir. |

R . To prevent the fish by-peseing Keswick Dem end contimuing to.Shué'Ea :
. Dom where no trepping facilities were provided, it wos necesspry to -;erec,t.__‘ :

o
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WITH DISCHARGE (¥ 220 SECOND-FEET THROUGH AUXILIARY
SUPPLY CUTLET
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B. Design 5 (recommended design), fieure 30,

FLOW CCNDITIONS WITH DISCHARGE (F 220 SECOND-FEET
THROUGH AUXILIARY SUPPLY OUTLET

M - 1:10 MODEL OF FISHWAY AUXILIARY SUFPLY




Flow through suxiliary supply only ~ 220 second-feet.

FLOW CONDITIONS WITH RECOMMENDED DESIGN OF AUXILIARY
SUFPLY AND GRATING IN




a barrier in the spillwaey section of the 4nitiel :development, ‘The design-
consisted of hinged wocd getes spanning 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 conditidns were ‘favorable

for the fish to navigete the channels during jithei-rs:'milgrati'on".upg'_tréam.1'-f‘ .
The gates would then be unlatched, allowing the ‘bucyancy .and -dynemic. .

forces to raise them into p]_.ace‘,"‘ifoming‘we'irs ten feet high-across the .

charrels. This method of placing the gates in the verticel 'positiqn::;made‘-‘ '
1t eseentiel that they withstand the impact :imparted by contact with ‘the .~
piera at closure. Since the magnitude. of the impaci depended. on the ve= - '

locity with which the gate ceme in coniact ‘with the pier sections, i1t was.

considered advisable to investigete ‘the probable velogitics at time of °
.contact. For these studies a';'gate_aweir-.was__scﬁ:ons’bructed' Adisregarding ‘scale.

Tt consisted of & 20- by 12~inch wooden gate placed in e fiume 2 feet wide
with & resistance wirc and contacte at one end to determine the apgular - B
velocity by oscillograph-records (figure 34). The oscillograph wms cali-. -

brated for positions of the gete.at 0, 10, 20, and 30 dogrees from the . %
vertical; this calibretion, together with the 60-cycle “timing.eurve on .
the oscillograph record, ensblsd dctermination -of the time clapsed in the -
movement of the gate fram one position te enother..  The _anguier -velocity:
of the gate in degrocs per second wag -obtained. end the ‘welocity of the ~ .

top edge of the gate computed, 'The effect of the ~velocity of the water .

through the channel wes cbtained by verying the .'ba;ilwaté;‘-“éleVatiOn.

studlos indicated that the impact forces were of great megnitudo.. When

the gate wes unlatehed it would rise slowly duc to ‘buoyancy until dynamic’
forces of the water began to affect it, whereupon its velocity increased .
rapidly ond the gate reached the verticel position with ‘such rapidity as - .
1o produce impact accompanied by cxcessive vibretica of the entire model.. ' -

"2k, Results of tcmporm*?.“gate—we.‘ir studies. Prcliminaryviaual

When the oscillograph apparatus was installed to messure the veloei- .
tics .of the uppor edge of the.gate it was found to be moving faster than.
the weter flowing through the section previous to its -relvase, Thegate’ =
attained 1te maximum velocity 8t a point between 10 and 20 degrees from. . ‘
the vertical, and the velocity decrcascd -as the gate gpproached the ver-.
tical position, apparently due. to the cushioning effect of the wetéer:being
forced Trom between the vertical fece-of the-pier scctions -and -the ‘ends.of
the gate. S T T AP B P

After the above tests had becn completed, two beems, trapezoidel in .
side clevation, were placed on the dovnsircem side of -the gate Jjust inside s
the chanpel walls. It was bclieved that e dash-pot action would teke .-
placc between the end porbions of the gote and -the vertical faces of the
pior scctions when the gate approached the vertical position, ‘theredy -
cushioning the impact force. Although the studics werc visuel only, the .
design gavc encouraging results as a . dofinite. decrease in Tthe impact wes - .
noted. However, as the gate deaign had alrcady been cstablished and was C
considered adeguatc to withsiand the probable forces o which it would dbe .
subjeeted, further ‘testing was not deemed neccasary. R o R
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25 ‘Conclusions. Thc spillwny studioe developed a. dosign‘vhich woumif
edequately protect the toe :of ‘the structure. 'The steps ' dcvolopod for the
spillway will cesiet in tho effective: dissipation of cnergy on the spill- :
way opron .almost o8 woll os o ‘dontated #ill with much less danger of. heing
destroycd by cavitation or ebrosion, Dischurge chﬂrﬂctc%iatics ‘of the "
- recoemended deslgn of the ultimnte stage woro satisfhctory for all anvici- o
peted flows., o L : . :

The rock bonch at the downstrcam cnd of ‘the. spillwuy Boction ostab-“f
lighed flow conditions which would tend to-ettract the fish to the right -
side of the channel and thus endble +them to 1ocato the ontrance to'the
Tishway lnddcr. The rncommanded fishway’ design.ahould be- roasonnbly free
of turbulence and conscquently should be more;cfficient than the design.-
originally proposcd. The a;xiliary Bupply systcm will. ondble the uddition
of a supplementel flow at thu ‘seme clevation as tho tailwatcr.,;f .

The tomp01ory gote weir on tho prototype will prdbably hnve a voloc-‘
ity ot its top cdge greoter ‘hen the initial. vcloclty ‘of the wntcr pasaing
through the chamnnel, but duc to the rolativcly groator mass ‘of the proto-
type gatc the vclocitJ difforontial ig cxpected to be 1ese then that given ‘
by the model tests. The factor of ‘safut y'used 4n the- gote dcaogp sccmed
amplc to sasure ageinst the dGBtruCtiOn of - tho gatc‘by ﬁnpact on closure.j

L -) R

26, Recommendations. On the basis of the hydraulic model studios
conducted on verious focotures of the Koswick Dam spillway and fishmay it
is recormended that: :‘» L . : v

.Lf} R
.‘~/ .

(2} The stop- log section of the initial stagc bo c_rriod to
clevetion 520.00 to prevent overtopping thc at*ucturo &uring
lorge flocds, :

(v) The splllway scrtion of the 1n1tial stage be constructed
to include o8 mﬂmy*foatures ee feasible: of the ultxmatc stagc. 

(c) The sPillwuy apron profile bo constructed as dotermincd
fron the model tests (design 16 figure 11) k

{¢) The rock beneh downatrnam from tho splllway bc oxcavated
to clevation 5035.00 instcod of elevation h97 OO 1) orig¢nally
plarmed,

(e Strcamlined stops wita top surface slopcs of 10 dcgrec
apwerd from the horizontal "he pJ&cud on the spﬁllway apron.__

(f} A sloping extension to the. rlght spillwoy troining
wall b constructed to prevent o conoLniruted flow spilling _;
off the bench et the flshway bntrancc o - IR
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2 (4} The owedltar gate weir Temiin 8 originaily
oigned, o SO VOTE Fmedn aaoxigindlly
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